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.EXECUTIVE SUHltARY

TheN:wal Incustrial Resarv~ Ordnance Plant CnROP) is loc.qtt::!d in

an indus trial area in the northern portion of the i1inneapoli sIs t. P:'lul

Metropolitan Area within the city limits of Fridley, !1innesota.

Advanced naval weapons sys terns are des igned and manufac tured Cl t the

NIROP. The northern portion of the facili ty is government-o....ned .qnd

operated by a private contractor (FMC Corporation), and the re~~inder of

the facility is owned independently by FMC.

The Ci ty of Minneapolis wa ter supply intake in the Mississippi

River is less than one mile downstream from the NIROP. A portion of the

Anoka County Islands of Peace !1ississippi River Front Park is located

west of the NIROP adjacent to the river.

Ground water use in the vicinity of the NIRO? consists primarily of

high-capac! ty indus trial produc tion wells comple ted in the Prai rie du

Chien/Jordan (PCJ) aquifer system. The City of Fridley also maintains a

backup well finished in the PCJ immedia tely north of the iUROP.

An aquifer within unconsolidated Quaternary sediments overlies the

PCJ in the vicini ty of tne NIROP. The unconsolida ted aquifer is

hydraulically separated from the PCJ by a silty toshaly basal bed of

the St. Peter Sandstone except for an area where the St. Peter Sandstone

has been eroded. The unconsolidated aquifer is in contact with the PCJ

in the eroded area. The Ci ty of Minneapolis had plans to utilize the

unconsolida ted aquifer for a "Ranney" well sys tern to serve as' a backup

to the Mississippi River surface wa ter intake. These plans are now on

hold indefini tely due to ques tionable capac! ty of the aquifer and the

presence of contaminants in the ground water •

•

• 1332.53 139:RTA:frid0613 i



•
In '1arch 1981, an anonymous phone cilll to the HPCA led to the

discovery of trichloroethylene (TCE) in three ~'HROP water supply wells

finished in the PC]. Grab samples obtained fr:)m NIRO? storm smJer

outfalls a t the Mississippi River also. showed contamina tion by TCI: and

other volatile organic compounds (VOCs) at that time. Subsequent

sampling at the City of Minneapolis Mississippi River water intake also

revealed measurable concentrations of TCE.

lnves tiga tions in to po ten tial problems a t the NlROP bega n

immedia tely by FMC Corpora tion. Two separate areas of concern were

identified as the South Study Area (FHC-owned property) and the North

Study Area (government-owned property) by Hickok and Associates (Hickok,

be tween FMC and the MPCA for wha t Hickok had called the Sou th Study

from the government-owned North Study Area.

•
1981) •

Area.

FMC pursued inves tiga tion of the Sou th Study Area separa tely

An agreemen t wa s reached

Tha t agreement called for pUr.Jping and discharging un trea ted

contaminated ground water to the Pig's Eye Yastewater Tre~tment Plant.

Cleanup levels for the ground ·water have been set at 0.270 mg/l total

VOCs. IThis Remedial lnves tiga tion Report details the Navy I s efforts

related to investigation of what Hickok (Hickok, 1981) called the North

Study Area, which is.herein referred to as the NIROP or "the site."

On March 31, 1982, Naval officials implemented the Navy Assessment

and Control of·lnstallation Pollutants (NAClP) Program to identify and

control environmental contamination from past use and disposal

practices. An Initial Assessment Study (lAS) was completed in June 1983

had occasionally been buried in the northern portion of the NlROP and,

•\

by Envirodyne Engineers, Inc.

1332.53 139:RTA:frid0613
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contributing to ground wa ter proolems.•
addi tionally, that the area beneath the NIROP building my be

As a result of lAS

recommendations, the N:lVY contracted the U.S. Army Corps of Engineers

(USACE)to continue investigations.

T;,rough various geophysical Pond remote sensing techniques, nine

areas were selected for excavation based on their likelihood for

containing drummed wastes. These areas were excava ted under USACE

direction in the fall of 1983. Forty-three excavated drums and

underlying soils were found to contain VOCs, PCBs, oil and grease,

pesticides, and metals. The 43 excavated drums and 1,200 cubic yards of

soil were disposed at USEPA-approved landfills (USACE, 1984).

Four phases of ground wa ter moni taring well ins talla tion began in

monitoring wells installed under the USACE's direction and 1 FMC-

June 1983 under USACE direc tion.

• ins taIled moni toring well.

The current network consists of 51

Wells have been finished in the shallow,

intermediate, and deep portions of the unconsolidated aquifer, as well

as the PCJ aquifer in the bedrock. The monitoring well network has oeen

used to de termine phys ical and chemical charac teris tics of the

unconsolida ted and PCJ aquifers underly ing the NIROP and some adjacent

areas.

Analysis of informa tion ga thered during this inves tiga tion and

comparisons with previous information indicate the following:

All use of TCE a t the NIROP wasdiscon tinued by the end of the
first quarter of 1987. Plant operations which previously used
TCE now use 1,1,1-trichloroethane. A solvent management
program is c:urrently in place at the NIROP.

Ground wa ter flow in the unconsolida ted aquifer is generally
from the northeast to the southwest across the NIROP,
consistent with previous findings.

• 1332.53 l39:RTA:frid0613 iii
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Ground W<l ter in the unconsolidr:i t~daquifer benert th the :nROP
has been c::>ntamina ted wi th VOCs. TC!=: w~s found r.lore
frequently and At higher concentr.'ltions thnn any other vac,
Rnd is therefore the best indicator of this contamination.

One- hundred to two-hundred feet per year is a representative
ground iNa ter veloci ty i~ the shalla'", unconsolida ted aquifer at
the NIROP. Ground water velocities calculated for the shallow
unconsolida ted aquifer ranged from 11 to 7,600 f t/yr. Grllund
water velocities in the deep unconsolidated aquifer ~ere

substantially less, ranging from 4 to54 feet per year.

VerticAl ground wa ter gradients were very small, indica ting
that ground water flow across the NIROP is essentially
horizontal.

The addi tional investiga tions showed the NIROP and vicini ty to
be underlain by a silty-sand to sandy-clay till layer at about
the intermediate depth of the unconsolidated aqu·ifer. The
effec t of this till layer is to impede ver tical migra tion of
contaminants. However, this till layer appears absent in a
wide band that extends nbrth to south across the NIROP, and
then to the sou thwes t in the shape of an old river bed.
Absence of the till layer in this region tends to facilitate
vertical migration of contaminants in the aquifer.

Elevated concentrations of TCE/nCE were found in soil pore gas
near the former pi t/ trench di sposal area, the decon tamina tion
pad, and at several locations near the north property
boundary.

Multiple areas of ground water contamination were detected in
the vicini ty of the NIROP as follows:·

An unidentified TCE source upgradient (northeast) of the
NIROP, consistent with previous findings.

The former pit/trench
vicini ty) in the north
wi th previous findings.
source area.

disposal area (and immediate
region of the NIROP, cons is ten t

This is considered an on-site

Unidentified sources either on-site near the eastern
NIROP property boundary or off-site (east of the
property), consistent with previous findings. The
addi tional inves tiga tions showed particularly high TCE
concentrations at the intermediate depth of the
unconsolida ted aquifer in the southeas t corner of the
NIROP, a zone previously uninvestigated.

The off-si te area immedia tely north of the northwes t
portion of the NIROP. Ground water level data collected

• 1332.53 139:RTA:frid0613 iv
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to date indicate that flow direction is variable, and
therefore identification of the TCE source (on-site or
off-site) is inconclusive.

The sou th·",es t region of the NIROP, which may be
regis tering contamina tion tha t orieina tes from the fOrIlJe r
pit/trench disposal area (and immediate vicinity), based
on contamination characteristics. This contamination was
previously thought to originate from the former TCE
storage· tank location or from within the building
envelope.

TCE concentrations downgradient of the former pit/trench
disposal area continue to decrease as a result of the removal
action completed in 1984. Findings from the recently
completed pore gas survey and ongoing occurrence of TCE
suggest it is likely that some vac residuals and/or VOC
contaminated soils still exist in this area.

Ground water in the southeast corner of the NIROP, preViously
showing low levels of contamination in the shallow
unconsolida ted aquifer, was· found to have high levels of TCE
at the intermediate depth based on the -.resu1ts of samples
collected from new intermediate-depth monitoring wells" The
source(s) of this high TCE concentration has not been
identified. Data suggest that potential off-site as well as
potential on-site sources exist •

TCE concentrations downgradient of the NIROP, measured near
the center of the contamination plume, increased in the
shallow unconsolidated aquifer and remained high in the deeper
sediments since the previous sampling round in November 1986.

Concentrations of TCE in ground water reaching the Mississippi
River are probably on the order of 1 to 10 mg/1, consistent
with previous conclusions. This range of TCE concentrations
can be expected to continue, given the high TCE levels
detected at the southeast corner of the iUROP.

The additional investigations continue to show no significant
contamination of the Prairie du Chien bedrock aquifer.

VOCs were not found in storm sewer samples collected as part
of the additional investigations.

Re-evaluation of the No-Action Alternative indicates that the
current health-based carcinogenic risk level for TCE
calculated at the only existing receptor area, the Minneapolis
wa ter trea tmen t plan t i~~ke, is sligh t1y above the USEPA
target risk value of 10 , based on the assumption of 10
percent dilution of ground \-18ter by the !1ississippi River.
However, the calculated TCE risk value at 10 percent dilution•• 1332.53 139:RTA:frid0613 v
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is well within the USEPA allowable range of 10-4 to 10-7 . The
calculated TCE risk value at the intake based on the
Assumption of 100 percent ground water to river water dilution
is_cearly 10 times lower than the USEPA target risk value of
10 . Samples of raw and trea ted wa ter from the ~1inneapolis

~la ter Trea tme1!.f, Plan~7collected by the MDH generally fall
between the 10 to 10 risk levels.

The NIROP is located less than one-half mile downgrad!ent of
one USEPA Superfund site and one potential hazardous waste
disposal site, both involving an actual or potential ground
wa ter contamina tion problem. Other USEPA Superfund si tes
involving ground wa ter VOC con tamina tion are loca ted far the r
upgradient of the NIROP. The potential tha t con tamina tion
from these sites, or other as yet unidentified sites will
eventually reach the NIROP may exist, although the liKelihood
of this occurrence is uncertain .

. Results of bench-scale tests of HIROP ground water conducted
on-si te indicate tha t aera tion of the ground wa ter will cause
precipi ta tion of significant amounts of iron hydroxide and
calcium carbonate. The precipitated solids would cause
potential operation or maintenance problems for certain types
of ground water treatment equipment.

TeE continues to be the best indicator for evaluating remedial
alternatives at the NIROP.

• 1332.53 139:RTA:frid0613 vi



1. INTRODUCTION

1. 1 Background

RMT, Inc., has been retained by the Omaha District of the U.S. Army

Corps of Engineers (USACE) to complete a Remedial Investigation (RI)

Report for the Naval Industrial Reserve Ordnance Plant (NIROP) located

in Fridley, Minnesota.

A draft RI Report was issued in "lay 1987. Following receipt of

review comments on the draft report from the USACE, U.S. Navy, and the

Minnesota Pollution Control Agency (MPCA), a final RI Report was

prepared and issued in June 1987 (RMT, 1987a).

Findings of the June 1987 RI Report sugges ted tha t addi tional

inves tiga tions were necessary to assess the extent of ground wa ter

contamination in the vicinity of the NIROP, and to better define

contamination source areas and migration pathways. Extensive additional

•

• inves tiga tions

February 1988.

were conducted at the·NIROP from November 1~87 through

The results of these investigations with updated

findings and conclusions of the remedial investig~tion are presented in

this RI Addendum Report.

1.2 Purpose·and Scope

June 1987 RI Report

The purpose of the June 1987 RI Report was to use existing

information to evaluate the impacts of past disposal practices on

subsoils and ground wa ter. The scope of the report was lim! te·d to a

review of existing information related to the NIROP site and surrounding

areas which was developed by other consul tants, the Corps of Engineers,

• 1332.53 139:RTA:frid0613 1-1
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and R11T. A li!'lt of prior investig~tions which formed the b3sis for the

June 1987 RI Report follows:

Initial Assessment Study of Naval Industrial Reserve Ordnance
Plan t, i1inneapolis, Minnesota, prepared by Envirodyn~

Engineers, Inc., for the iJavy Assessment, June 1933.

Draft NIROP Hazardous Waste Clean-Up Report prepared by the
Corps of Engineers in Oc tober 1984, and finalized by R!1T in
SeptembE:r 1986.

Ground wa ter quali ty and "ground wa ter level measurement da t3

collected by the Corps of Engineers from October 1933 to March
1986.

Summary Report on Ground Water Conditions, FMC Northern
Ordnance Division Plan t, Minneapolis, Minnesota, 1983, S. S.
Papadopolus and Associates, Inc.

Final Report Phase I and Phase
Northern--Ordnance Division FNC
Papadopolus and Associates, Inc.

II Investigation Programs,
Corporation, 1984, S.S.

•
Evaluation of Remedial Action Alternatives, FMC and BNR Lands,
Ground Water Regime, May 1985, Connestoga-Rovers & Associates
Limi ted .

Evaluation of Past Disposal Practices Phase I Initial
Assessment, April 1981, Eugene A. Hickok and Associates.

Evaluation of Past Disposal Practices Phase II Hydrogeological
lnves tiga tion, Eugene A. Hickok and Associa tes, December 1981.

Feasibili ty Study, FMC and BNR Lands, Ground Wa ter Regime,
January 1985, Connestoga-Rovers & Associates, Limited.

Response Ac tion Plan, Fridley, Minnesota,
Connestoga-Rovers & Associates, Limited.

RI Addendum Report

April 1985,

The purpose of this RI Addendum Report is to present an assessment

of the existing conditions and the nature and extent of ground water

contamination at and around the NIROP, using the information and

data accumulated since the start of remedial investigation activities •

• 1332.53 139:RTA:frid0613 1-2
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The scope of the report is lim! ted to -'l presen ta tion of the d3 ta

developed from the inves tiga tions conduc ted from Novembe r 1937 through

February 1938, and other pertinent informa tion acquired since the June

1987 RI Report was issued. However, the findin3s and conclusions

•

presented in this report were developed using the cumulative information

and da ta from the remedial inves tiga tion Rctivi ties under taken since

1982.

Addi tional inforrna tion regarding an aquifer tes t, moni toring well

construction, and ground water sampling and analyses conduct<:d d:Jring

the 1a test inves tiga tion is presented in separa te documen ts (RMT, 1988a)

(RMT, In PrepRration(b» (RMT, In Preparation(a».

• 1332.53 139:RTA:frid0613 1-3
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2. INVESTIGATION StJKKARY

2.1 Site Background Information

2.1.1 Site Description

A general vicini ties map is included as Figure 2-1, and a HIROP

facility map is shown on Figure 2-2.

Regional Features (see Figure 2-3)

Two Superfund sites in the region are located generally upgradient

of the NIROP wi th respect to the ground wa ter flow. These si tes are the--

New Brighton/Arden Hills/St. Anthony USEPA Superfund site, number 43 on

Update 6 of the National Priorities List (NPL), and the Twin Cities Army

Ammunition Plant (TCAAP). A Federal Facili ty Agreement was recently

signed for the TCAAP site, where a Remedial Investigation/Feasibility

Study (RI/FS) is required at each of 14 separate areas where hazardous• waste contamination has been identified. A preliminary RI has been

completed at the New Brighton/Arden Hills/St. Anthony site, and

completion of a comprehensive RI/FS is anticipated by the end of 1988.

Interim Remedial Measures (I~~) have been implemented at both sites.

Informa tion provided to RMT by the MPCA indica tes tha t, as of

several months ago, a VOC-contaminated plume in .the ground water had

migra ted from the TCAAP si te over half of the dis tance be tween the TCAAP

and the NIROP. The Record of Decision for the alternate water supply at

the New Brighton/Arden Hills/St. Anthony site (USEPA, 1986b) indicates

that four significant source areas of ground water contamination

source areas are located either on the TCAAP or in the vicinity 'of the

These- general,

•
observed in the study area for this site may exis t.

TCAAP. Trichloroethylene was the most prevalent volatile organic
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Therefore, it was used by the USEPA ~s the indica tor chemical for the•
compound . found, and generally had . the highes t concen tr.<l tions.

ground water studies. The po ten tial tha t con tamina tion from these t\o1o

sites will eventually reach the NIROP may exist, although the likelihood

that this will occur is uncertain.

The area encompassed within a 3-mile radius of the NIROP includes

parts of Minneapolis/S t. Paul, New Brighton, St. Anthony, and mos t of

Fridley and Brooklyn Center. The MPCA estimates that approximately

•

70,000 people are serviced by ground wa ter from wi thin the 3-mile

radius; approximately 200,000 people live within that radius; and

approxima tely 500,.000 people are serviced by the i1inneapolis wa ter

-
treatment plant located about one mile downstream from the NIROP on the

Mississippi River.

Local Features (see Figure 2-4)

The NIROP is potentially downgradien t from the Kurt j-tanufac turing

US EPA Superfund si te, number 618 on Upda te 6 of the NPL, and one

potential hazardous waste site, Dealer's Manufacturing. Both sites are

less than 0.5 mile from, and generally upgradient of,the NIROP site.

The Kurt Manufacturing site involves a ground water contamination

problem. Ground water extraction wells are believed to be currently in

operation at the site, based on information provided by MPCA personnel.

Potential hazardous waste disposal at the Dealer's Mamifac turing

plant was brought to the attention of FMC Corporation and the HPCA in

September 1987 by an anonymous phone caller. The caller alleged that
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•

•

from 1972 to 1932, standard practice at the plant was to dump the

con tents of approxima tely two 55-gallon drums of spell t trichloroe thylene

every week onto the ground in back of their building. MPCA personnel

have informed RMT that the Preliminary Assessment/Site Inspection ~roup

r

of the ~WCA is proceeding with investigations at the site.

The potential that ground water contaminants from the two local

sites will eventually reach the NIROP may exist. However, the presence

of contaminants from these sites in the NIROP ground water based on the

ground wa ter quali ty da ta collec ted to da te for this remedial

investigation is inconclusive.

The NIROP is also adjacent to the FMC Corpora tion Fridley Plant

site, which is ~umber 17 on Update 6 of the NPL.

2.1.2 Chronology of Remedial Work and Investigations

Remedial work and investiga tions conducted a t the NIROP' through

June 1987 are described in the June 1987 RI Report (RMT, 1987a).

From November 1987 through February 1988, RMT, Inc., conducted

additional investigations at the NIROP. These investigations included

the following major work elements:

A .soil pore gas survey.

Installation of sixteen (16) new ground water monitor-ing
wells.

A comprehensive ground wa ter sampling round including the
fifty-two (52) moni taring wells on and adjacent to the NIROP

. property, with water level measurements at all the wells •

•

Ins talla tion of two
performance of two
permeabUi ty tes ts.

1332.53 139:RTA:frid0613
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•

•

Sampling of two (2) storm sewers which receive flow from tllE~

NIROP •

Analysis of soil samples from the borings installed for
moni toring well construction for physical properties of the
soils.

Bench-scale tes ts of ground wa ter samples collec ted du ring the
aquifer pumping tests.

A summary of the additional investigations conducted from November

1987 through February 1988 is presented below.

Soil Pore Gas Surve~

The objectives· of the soil pore gas survey were to provide a

screening technique to determine potential source areas of voe

contamination and to assist in the placement of monitoring ·wells. The

survey included on-site analysis of pore gas samples using a field gas

chromatograph. A detailed description of the work performed and results

of the survey is included in the A-E Quali ty Con trol Summa ry Repor t

issued in February 1988 (R!1T, 1988a). A summary of the soil pore gas

survey is included in Section 4.1.4 of this report.

Monitoring Yells

Sixteen (16) new moni toring wells and two (2 ) new

pump ing/moni toring wells were ins taIled to improve knowledge of the

g~ology and hydrogeology in several areas on and adjacent to the NIROP,

and to better delineate the extent and concentration of hazardous

substances in the ground water. The wells installed included five (5)

water table wells, seven (7) wells placed in the middle of the aquifer

• 1332.53 139:RTA:frid0613 2-3



in the unconsolidated sediments, and five (5) wells placed at the bottom

• of the aquifer in the unconsolidated sediments. One (l) well was

finished in the Prairie du Chien/Jordan aquifer to investigate potential

contamination in the bedroc~ aquifer upgradient of the NIROP.

The design and construction details of the monitoring wells are

described in detail in the A-E Quality Control and Sampling Plan issued

in January 1988 (RMT, 1988b).

Aquifer Tests

Two aquifer tests were conducted as part of the additional

investigations. The first test was designed to assess the source(s) of

VOCs observed in previous samples from· well 9-S by.. analyzing chemical

described in Section 5.3.5.

The second test consisted of an aquifer pumping test designed to•
time-series data. Details of this test and the· test results are

provide informa tion on the h)'draulic properties of the unconsolida ted

sediments for use in the detailed evaluation of remedial alternatives in

the Feasibility Study. The information would also provide design data

for the ground wa ter pumping component of a ground wa ter remedial

action, if this alternative is selected for implementation. Details of
.

the aquifer pumping test and the test results are described in the A-E

QCSR for Aquifer Tests (RMT, In Preparation(b», which also includes

descriptions of in-s i tu permeabili ty tes ts conduc ted a t several of the

wells.

• 1332.53 139:RTA:frid0613 2-9



•

•

Sampling and Lab Analysis

A comprehensive ground W3 ter sampling round was conduc ted,

consisting of sample collection and water level measurements from the 34

previously existing wells and the 18 new wells. Water samples from two

storm sewers which receive flow from the NIROP were also collected.

Nine (9) rounds of ground wa ter sampling have been conduc ted a t the

NIROP since October 1983.

All samples were analyzed by the U. S. Army Corps of Engineers

Waterways Experiment Station laboratory in Vicksburg, Mississippi.

Quality assurance samples were analyzed by the U.S. Army Corps of

Engineers Missouri River Division labora tory in Omaha, Nebraska. Lab

analysis results are presented in Section 5.3.4 and discussed in Section

5.3.5.

Soil Tes ts

Physical testing of soil samples collected during the installation

of monitoring wells was performed by the R~IT Soils Laboratory in

i1adisoti., Wisconsin. Three (3) samples from the deepest boring at each

of the nine well ins talla tion loca tions were analyzed for gra in size,

Atterberg limits~ and moisture content.

is included in the Appendix.

A summary of the test resul ts

Bench-Scale Tests

Bench-scale tes ts . of ground wa ter samples collec ted from the pump

discharge during the aquifer pumping test were conducted at the NIROP to

evaluate the chemical characteristics of the ground water which might

• 1332.53 139:RTA:frid0613 2-10



•
affect the physical operation of remedial equipment, e.g., scaling or

blinding due to precipitation of iron hydroxide or calcium carbonate. A

description of the tests performed and a summary of the test results ~re

included in Section 5.3.4.

2.1.3 Historical Description

A private airfield previously owned by Northern Pump Company

exis ted near the NIROP for several years. The airfield was loea ted

north of the existing NIROP property. It was abandoned sometime in the

1970's. Two runways laid out in northeast-to-southwest and northwest

to-southeast directions extended from immediately north of the NIROP

nearly to Interstate Highway 694. A hangar was located at the

refueling opera tions which may have impac ted ground wa ter quali ty north

of the NIROP has not been obtained.

(No other changes to the June 1987 RI Report.)•
airfield. Information regarding previous aircraft maintenance and

2.1.4 Other Factors

Planned Use

(No changes to the June 1987 RI Report.)

Conflicting or Missing Information

Based on the resul ts of the field inves tiga tions conduc ted from

November 1987 through February 1988, several informa tion deficiencies

identified in the June 1987 RI Report have been corrected, as noted

below •
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June 1987 RI Report

Da ta regarding ground lola ter
quality in the deeper por
tions of-the unconfined
aquifer are lacking in some
loca tions.

Ground water data for xylene.
are sparse in the immediate
area of the pits/trenches.

There are no monitoring
wells located downgradient
of Hazardous Waste Storage
Area C.

Current (storm sewer)
sampling data would be use
ful to look at VOC loading
to the Mississippi River.

2.2 Na ture and Extent of the Problem

New Informa tion

Five (5) new wells were installed
in the middle of the aquifer, and
five (5) new wells were installed
at the bottom of the aquifer.
Ground water samples collected
from each of these wells provided
da ta rega rding wa ter quali ty in
the deeper portions of the
aquifer. The water quality data
are discussed in Section 5.3.5·of
this report.

Ground water samples from each of
the fifty-two (52) monitoring
wells sampled in January and
February 1938 were analyzed for
total xylene. The lab analysis
results are discussed in Section
5.3.5 of this report.

A new monitoring well nest
consisting of a shallow (well
21-S) and intermediate (2-1)
dep th well has been ins taIled'
adjacent to Hazardous Waste
Storage Area C.

Two (2) storm 'sewers were sampled
in January 1988. The samples
were analyzed for the same
constituents as the ground water
samples collected during the same
sampling round. The resul ts of
the water quality analyses are
discussed in Section 4.1.3.

Based on the results of the additional investigations conducted

from November 1987 through February 1988, the findings and conclusions

regarding the nature and extent of ground water contamination at the

additional investigations allowed a more complete assessment of the site

•
NIROP site have been re-evaluated.

1332.53 139:RTA:frid0613
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•
geology; ground water flow system and ground water quality; locations of

the highes t res idual VOC con tafTIina tion nea r-surface in soil; and the

potential co~tribution from off-site, upgradient sources of ground water

can tamina tion. The upda ted findings and conclusions are discussed in

the individual sections of this report.

2.2.1 Special Waste Considerations

(No changes to the June 1987 RI Report.)

2.2.2 Effects of Contaminants from the Site

(No changes to the June 1987 RI Report.)

2.2.3 Near-Future Impacts of Site Conditions

For the past several years, the City of Minneapolis Water Works has

been inves tiga ting the potential for aquifer development in. the lands

owned by the ci ty adjacent to their wa ter trea tment facili ty. The goal

of aquifer development is to supplement the wa ter supply for the Ci ty of

Minneapolis and surrounding communi ties, ideally on a daily basis and at

least for emergency and back-up purposes. The desired capacity for this

proposed system is from 10 to 40 MGD. The current water demand for the

same target population is about 65 MGD.

The initial plan was to develop a shallow well field in the

overburden alluvial aquifer near the water treatment plant and the

Mississippi River, using the "Ranney" well system. The goal of this

sys tern was to draw a subs tan tial amount of wa ter from the Mississippi

River. RMT has been informed by several sources that this plan has been

•
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appear to be able to supply the required capaci ty and because of the

presence of TeE in the ground water.

The City of Minneapolis Water Works has contracted the United

States Geologic Survey (USGS) to conduct a three-year evaluation of the

Prairie du Chien/Jordan (PCJ) bed~ock aquifer to determine the potential

yield and the potential for contamination from the upper aquifer. The

•
put on hold indefinitely. It is on hold because the aquifer does not

study is in its second year. At the end of the study, the USGS will

have developed and calibrated a computer model for the upper and lower__

aquifer sys tems. At that time, the Ci ty of Minneapolis will evalua te

•

the results and select a course of action, which may include the Ranney

system, a PCJ well system on city land, or a PCJ well system at a

distance from the city land.
/

The potential impact of ground wa ter contaminants from the NIROP

and other sources on 'the ground wa ter quali ty downgradient of the NIROP

will probably be a factor in the city's decision regarding location of

their supplemental water supply system.

2.3 Investigation Summary

In June 1986, ~MT, Inc., was retained by the USACE to complete the

remedial investigation for the NIROP. Investigations conducted prior ,to

June 1986 are summarized in the June 1987 RI Report.

In November 1986, RMT performed a comprehensive sampling round of

the 34 existing ground water monitoring wells in the study area.

Analytical results from this sampling round were included in the June

•
1987 RI Report •
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From November 1987 through February 1988, RMT conducted additional

• . . investigations at the NiROP, as described in Section 2.1.2. The

results, findings, and conclusions from these additional investigations

are presented in this RI Addendum Report.

2.4 Overview of Report

This RI Addendum generally follows the forma t of the June 1987 RI

Report. To highlight information obtained since the June 1987 RI Report

was issued, primarily the resul ts, findings, and conclusions based on

the additional investigations conducted from November 1987 through

February 1988 are presented in this addendum. However, specific

•
comparisons to information from the June 1937 RI ReP9rt are presented in

some instances. The June 1987 RI Report should be used in conjunction

wi th this addendum to provide the comple te resul ts of the remedial

inves tiga tion•
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3. SITE FEATURES INVESTIGATION

(No, changes to the June 1987 RI Report.)
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4. HAZARDOUS SUBSTANCES INVESTIGATION

4.1 Hazardous Substance Types

4.1.1 Raw Materials

As of April 1987, one (1) underground tank W::lS being ust:!d for

storing Stoddard solven t. The tank is loca ted on the north end and

outside of the Boiler Room on the east side of the p13nt building (see

Figure 2-2). It was installed in the 1950s, and has been used only for

storing mineral spirits and Stoddard solvent for use in degreasing

operations. This tank is currently in use.

The use of TCE at the NIROP was discontinued in the first quarter

of 1987 (FMC, 1988-)-; At that time, open-top degreaser uni ts were ei ther

switched to a different solvent (1,1,1':"trichloroethane), or the units

were decommissioned. The above-ground solvent storage tank located on

the east side of the plant (T2 on Figure 2-2) was also converted to

1,1,1-trichloroethane.

A series of management programs are currently in place a t the NIROP

to minimize the entry of hazardous materials into the plant sewers (FMC,

1988).

4.1.2 Industrial Processes

A representative of FMC Corporation reported that during 1985 and

1986, approxima tely 40 percent of the various produc tion areas wi thin

the plan t were reloca ted. Therefore, the produc tion area 'loca tions

shown on Figure 4-1 of the June 1987 RI Report _(adapted from -the 1983

Initial Assessment Study Report by Envirodyne) do not reflect current

locations for all of the areas. The evolution of the plant building
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•
structure and production area layout within the building envelope since

construction of the NIROP WRS not studied 3S p~rt of this investig~tion.

Records of spills or leaks of potentially haz:trdous IIl3 terials wet"'e

not kept prior to 1984.

Several degreaser uni ts are loca ted throughou t the plan t in

concrete containment pits beneath the main plant floor. Pas t releases

of solvent-contaminated liquids 'from, these degreasers have b<!en

reported. The releases flowed into floor drains in the pi ts, or, in R t

least one instance, through a hole in the pit floor into th~ soil

benea tl,1 the pit. The current condi tion of the degreaser pi ts and

associa ted wa ter sumps is unknown. Therefore, the possibili ty that

•
these units may be current potential sources of solvent releases tv

plant sewers or subsoil cannot be determined.

4.1.3 Waste Storage, Processing, and Disposal Practices

Hazardous Waste Storage Areas.

(No changes to the June 1987 RI Report.)

PCB Storage.

(No changes to the June 1987 RI Report.)

On-Site Waste Disposal

The presence of residual VOC concen tra tions in the soil in the

vicinity of former disposal trenches #3 and #6, and in other portions of

the former was te disposal areR, was confirmed by the rcsul ts of the on-
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•
si te soil pore gas survey conducted in November 1987. The reuul ts of

the soil pore gas survey are summ3rized in Section 4.1.4.

Sewer Systems.

discharge to the

Therefore, the 42-This sewer receives only storm water runoff.river.

Two storm sewers which discharge flo~ from the NIROP to the

Mississippi River were sampled in January 1988. The apprOXil:l8te

location of these sewers at the NIROP is shown on Figure 4-4.

Analytical results of the grab samples collected in January 1988 from

the sewers tribu tary to NPDES Ou tfall 1120200 (the "north" storm sewer

ou tfall) and NPDES Ou tfall 1120300 (the "south" storm sewer ou tfall) are

presented in Table 4-1. The only previous storm sewer sampling results

available are from samples collected in March 1981 (see Table 4-6 in the

June 1987 RI Report).

The 42-inch storm sewer ou tfall loca ted to the north of NPDES

Outfall 1120200 (see Figure 4-4) normally has no•
inch storm sewer was not included in the January 1988 sampling round.

Two of the metals analyzed, dissolved barium and manganese, were

detected at approximately 0.1 and 0.3 mg/l, respectively, in both of the

1988 sewer samples. A trace amount of dissolved ·zinc was also found in

the north storm sewer. Barium and manganese were not analyzed in the

March 1981 samples. Zinc was detected at trace levels in March 1981 in

both sewers.

The only voe detected in January 1988 samples was methylene

chloride (a common labora tory contaminan t) at 0.026 mg/l in the north

storm sewer. Methylene chloride was not detected in ~arch 1981. The

• 1332.53 139:RTA:frid0613 4-3



• TABLE 4-1
l<.ESULTS OF JANUARY ua8 STOR:-1 SEWER

SAMPLE ANALYSES

•

•

1,1;1-Trichloroethane

1,1-Dichloroethane

1,1-Dichloroethylene

Barium, Dissolved

Benzene

Chloroform

Cis-l,2-Dichloroethylene

Ethyl Benzene

Manganese, Dissolved

Methylene Chloride

Selenium, Dissolved

Te tracilloroe tllylene

Toluene

To tal Xylenes

Trans 1,2-Dichloroethylene

Trichloroethylene

Trichlorofluoromethane

Vinyl Chloride

Zinc, Dissolved

All values are in mg/l .

1332.53 13~:KTA:frid0613T

NPDES #20200
;~or th 5 torm

Se"",er

< 0.005

< 0.005

< 0.005

0.116

< 0.005

< 0.005

< 0.005

< 0.005

0.314

0.026

< 0.005

< 0.005

< 0.005

< 0.005

< 0.005

< 0.005

< 0.005

< 0.01

0.032

NPLn;s il 20300
Sou th Storm

Sewer

< 0.005

< 0.005

< 0.005

0.123

< 0.005

< 0.005

< 0.005

< 0.005

0.327

< 0.005

< 0.005

< 0.005

< 0.005

< 0.005

< 0.005

< 0.005

< 0.005

< 0.01

< 0.03
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•

March 1981 resul ts also showed tha t, of several VOCs analyzed, only

acetone was detected at a low concentration in the south stoi:n sewer.

However, the north storm sewer contained 0.40 mgll TCE, 0.3 mgll

acetone, 0.1 mg/1 isopropyl alcohol, and 0.3 mgll rtEK. The analyses of

the January 1938 samples suggest that the sources of water discharged to

the storm sewers during regular plant operations in winter weather

conditions do not currently create a potential for release of

significant levels of hazardous constituents to the shallow ground water

flow system beneath the NIROP, or to the Mississippi River.

Indus trial Was tewa ter Pre trea tmen t Plan t.

(No changes to the June 1987 RI Report.)

4.1.4 SolI Pore Gas Survey

In November 1987, RMT conducted a soil pore gas survey at the

NIROP. The purpose of the soil gas sampling program was to screen and

iden tHy areas of shallow, VOC-contamina ted soil tha t may be

contributing to the ground water contamination problem. Once the soils

were identified, the results were used for the following purposes:

1. Assist in selecting final locations for the ground water
monitoring wells installed in December 1987 through February
1988.

2. Locate contaminated soil that may be a continuing source of
VOC con tamina tion of ground wa ter so tha t further analys is,
including soil borings and laboratory analysis of the soils,
can be done if desired.

3. Identify areas that may require soil remediation•
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•
A complete description of the field sampling and analysis methods t

QA/QC procedures, and results of the soil pore gas survey are included

in the A-E Quality Control Summary Report for the Soil Gas Survey issued

in February 1988 (RNT, 1988a).

The soil gas sampliag locations and. the results of field gas

chromatograph (GC) analyses of the gas samples are shown on Figures 4-3A

and 4-3B. A summary of the key resu1 ts, findings t and conclusions is

presented below.

Methodology. Two methods were used for collecting soil gas samples

for analysis by the field GC: a stainless steel tube (probe) driven

into the ground, through which a gas sample was drawn by applying a

vacuum to .the probe; and headspace from a soil sample collected by hand-

gave fairly reproducible results. The mean percent difference between

comparable results from GC analysis of the samples. Both methods also

•
augering into the ground. Both sample collection me thods gave

replicates was 19.7 percent for headspace samples and 6.1 percent for

pore gas samples.

Resul ts. The "areas" referred to below are shown on Figure 4-3A.

Area I (Former TCE Tank Area West of Plant) and Background

All· .samples had rela tively low vac concentra tions in soil
gas. The highes t concentra tion· was 1.9 ppm a t sample point
SG-8.

Area II (Trench Disposal and Storage Area North of Plant)

Three areas of elevated soil gas concentrations were found as
follows:

Near the former disposal trench area.
Near the newly installed water main at the north edge of
the property. I

Near the decontamination pad constructed for the drtim and
soil removal operations in 1983-84.
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Other sections of Area II had low soil gas concentr~tions. 

Areas of the highes t soil gas concen tra tions (> 100 ppm TCE 
plus DCE) were south and east of the decontamination pad and 
in the vicinity of Trench 3. 

Concen trations decreased wi th increas ing di stance away from 
Trench 3, in the trench area. 

Trichloroethylene was the predominant soil gas contaminant in 
most areas. However, in the areas of highest contamination, 
cis-dichloroethylene was generally present in the highest 
concen tra tion. Trans-dichloroethylene was generally presen t 
at low concentrations, if present at all, and was above 10 ppm 
in only two samples. 

Other unidentified compounds were detected at three 
locations: two next to the decontamination pad and one near 
Trench 3. 

Area III (Existing TCA Tank Area East of Plant) 

Soil gas concentrations were generally low in Area III 
samples. The two sample points at the west edge of the TCA 
tank both had concentrations of 3 ppm. The other five samples 
had concentrations less than 1 ppm. 

Conclusions 

No significant chlorinated ethylene contamination of near
surface soils was found in Area I, sugges ting tha t pass ible 
historic surface spills in this area are probably not 
currently contributing to ground water contamination. 

No significant chlorina ted ethylene con tamina tion of near
surface soil was found in Area III. The high TCE 
concentrations that have been found in monitoring well 9-S do 
not appear to have originated near the ground surface adjacent 
to well 9-S. 

A fairly large portion of Area II was found to have near
surface soil contamination of chlorinated ethylenes. The 
following three contiguous areas had the greatest 
contamination levels: 

Former disposal trench area 
Decontamination pad area 
New water main trench area (north edge of Area II) 

The highes t concen tra tions of chlorina ted e thylenes were in 
the immediate vicinity of Trench 3 and near the 
decon tamina tion pad. 

1332.53 139:RTA:frid0613 4-10 
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TCE was the predominant contaminant except in the most 
contamina ted areas, where cis-DCE was a t higher 
concentrations. The trans-DCE isomer was a small portion of 
the total chlorinated ethy1enes in all but two of the 
contaminated sites. Both the cis- and trans-DeE isomers are 
breakdown products of TCE. 

Current loea tlons of the ground lola ter moni toring wells are 
sufficient for monitoring the impact of the identified surface 
soil con tamina tion areas. 

4.2 Waste Component Characteristics and Behavior 

4.2.1 Introduction 

During the November 1986 sampling round of 34 moni toring wells, 

selenium was detected in two wells: 0.076 mg/l (total) and 0.049 rng/l 

(dissolved) in well 9-S; and 0.008 mg/l (dissolved) in well 14-S. 

During the January 1988 sampling round of 52 monitoring wells, selenium 

was de tected in only one well: 0.08 rng/l (dissolved) in well 9-S. 

Other constituents discussed in Section 4.2 of the June 1987 R1 Report 

which were detec ted in a t leas t one well during the January 1988 

sampling round are as follows: 

Cons ti tuent \~el1 No. Concentration, mg/l 

Toluene 5-1 0.057 
AT-1 0.0074 

Ethyl benzene AT-1 0.004* 
Total xylenes 5-I 0.036 

AT-1 0.063 

*Estimated concentration. Detected as present but below 
the instrument detection limit. 

Due to the presence of these hazardous cons ti tuen ts in the ground 

water, the discussion of the behavior and toxicology of the VOCs and 

selenium presented in the June 1987 R1 Report remains appropriate to the 

investigations at the NIROP. 
1332.53 139:RTA:frid0613 4-11 



4.2.2 Behavior of Individual Compounds 

• (No changes to the June 1987 RI Report.) 

4.2.3 Toxicology of Individual Compounds 

(No changes to the June 1987 RI Report.) 

• 

• 1332.53 139:RTA:frid0613 4-12 
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5. SUBSURFACE INVESTIGATIONS 

The U.S. Army Corps of Engineers (USACE) installed 33 monit:>ring 

wells At the NIROP site in three phases in Hay 1983, flay 1985, and 

JanuAry 1986. The recent, addi tional inves tiga tion added several new 

borings and wells, partly to improve geologic defini tion, bu t 

predominantly to broaden the ground watar monitoring network. Wells 

have been designated with suffixes to identify the stratigraphic 

position of the monitoring well intAkes: 

S - Shallow (water table) well in the unconsolidated unit. 

I Intermediate piezometer in the unconsolidated unit. 

D - Deep well piezometer in the unconsolidated uni t. 

PC - Piezometer in the Prairie du Chien Formation. 

One new bedrock piezometer, 5-PC, was added northeast of the 

facility as part of an upgradient well nest. Several wells were added 

in the unconsolidated unit to improve the horizontal and vertical 

definition of contaminant occurrence. 

This section discusses those findings which are new and, to some 

exten t, rei ter:'l tes pertinent fActs from previous inves tiga tions, 

especially those which appear to have a bearing on the evaluation of the 

migration of contaminants. 

5.1 Soils 

(No changes to the June 1987 RI Report.) 

1332.53 139:RTA:frid0613 5-1 



5.2 Geology 

• Up to 150 feet of predominantly silty sand unconsolid'lt~d deposits 

• 

• 

overlie bedrock beneath the NIROl'. The facili ty lies on an ,<tlluvial 

terrace adjacent to the Mississippi River. These deposits are 

illustrated on the geologic cross sections from the June 1987 RI Report 

and included here ~s Figures 5-2 and 5-3. Figure 5-1 shows the location 

of these cross-sections. 

Previous studies found a fairly continuous layer of cla~'ey glaCial 

till to the south of the NIROP beneath the FMC property. This layer 

forms an aquitard and has a significant impact on ground water fl~1 and 

hazardous substance migration (Papadopolus, 1984; Cannes toga-Rovers, 

1985). Benea th the NIROP, the finer grained layer appeared to pinch 

out, and only discontinuous lenses of silty and clayey soil were 

found. New boring logs and soils da ta were 

geologic interpretations to correlate the 

unders tan.ding of' subsurface condi tions. 

compared to previous 

da t.'l and . refine our 

In tegra ting the new da ta, it appears tha t there may be a silty sand 

to sandy clay glacial till which extends beneath much of the NIROP. 

\lhile its consistency varies, and was logged differently over time, a 

silty to clayey sand glacial till appears to be present between 

approximate elevations of 760 to 780 feet (approximate grade elevation 

around the NIROP is 835 fee t). This correIa tes well wi th the clayey 

till identified to the south. 

The data also suggest that this till is not continuous under the 

NIROP. In several borings, it appears that the sandy and gravelly soils 

are interconnected vertically. Figure 5-4B illustrates the approximate 

1332.53 139:RTA:frid0613 5-2 
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area where it appears that :m old river channel may have cut thr,nugh the-. till, le:wi ng .3lluvial sands. A new eas t-wes t cross sec tion (D-D',
I

Figure 5-4A) was prepared to illustrate the geologic interpretation

beneath the building area, in the apparent direction of the major ground

wa ter pa th...ay. I t shows tha t there is more "than one soil layer which

could impede the ver tical migra tion of con taminan ts in the vicini ty of

the eastern edge of the plant where contamination has been found. While

there is considerable uncertainty regarding geology benea th the

building, geologic da ta for the north and sou th-southwes t areas as well

as the distribution of chemicals in the ground water leads to this

interpre ta tion.

•
5.3

5.3.1

Ground Va ter

Ground Wa ter Occurrence

(Ho changes to the June 1987 RI Report.)

5.3.2 Ground Wa ter Flow

The following ground wa ter wells were installed as part of the

addi tional inves tiga tion to supplement the previously ins taIled" well

network:

Five "wa ter table observa tion wells" (21-S through 25-S)
installed in the shallow unconsolidated sediments, for a total
of 25 wa ter table wells.

Fi ve "intermedia te depth piezome ters" (I-I
ins talle~ in in termedia te-depth unconsolidated
a total of five intermediate piezometers.

through 5-1)
sediment.s, for

Two ~production test wells" (AT-1 and AT-2) installed in
intermediate-depth unconsolidated sediments, for a total of
three production wells (including FMC-33), which also function
as monitoring wells .
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Five "deep piezometers" (lO-D through 14-D) installed ~t the
. base of the unconsolidated sediments, for a total of 14 deep
piezometers.

One "bedrock piezometer" (S-PC) installed in the Prairie du
Chien dolomite, for a total of five bedrock piezometers.

Measuremen ts from all 52 wells comprise the da ta base from which

the following observations were made:

Shallow Unconsolidated Sediments

Wa ter ievels in the shallow unconsolida ted sediments (Figure
5-5) were approximately 3 feet lower than reported in the June
1987 RI Report, which presented results of water level
measurements made in July 1986. Ground water flow direction
is generally from the northeast to the south-west across the
NIROP, as previously reported. However, as shown on Figure 5
5, the water table measurements made in February 1988 indicate
a flow component to the west in the northern portion of the
NIROP property.

In-situ permeability tests were conducted on five water table
observation wells, yielding a hydraulic conductivi ty tange of
i6 to more than 540 ft/day, with a geometric mean of *t least
94 ft/day and a median value of 79 ft/day. . This iS~1 higher
than the median value of 65 ft/day used in calculations in the
June 1987RI Report.

Horizontal ground water gradients for the shallow
unconsolidated sediments were similar to those calcula ted for
the June 1987 RI Report. Gradients were very flat over most
of the NIROP, ranging from 0.0001 to 0.0017 ft/ft.· The
gradient steepened to 0.067 ft/ft in the extreme southwest
corner of the NIROP near well AT-2, steeper than the 0.014
ft/ft. previously calculated for this region. Horizontal
gradients south-southwest of the NIROP were estimated at
0.0078 ft/ ft.

Ground wa ter veloci ties in the shallow unconsolida ted
sediments range from approximately 11 ft/yr northeast of the
NIROP, to more than 7,600 ft/yr in the extreme southwest
corner of the NIROP. One to two hundred feet per y~ar is
probably representative of the NIROP as a whole. \ This
compares to a velocity range of 40 to 1,100 ft/yr cited in the
June 1987 RI Report. \

• 1332.53 139:RTA:frid0613 5-9
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Deep Unconsolidated Sediments 

Bedrock 

The piezome tric surface of the deep unconsolida ted sedimen ts 
(Figure 5-6) was 2 to 3 feet lower than reported in the June 
1987 RI Report, a decrease similar to the shallow zone. 
Ground water flow direction is generally from the northeast to 
the sou thwes t across the NIROP, as concluded in the June 1987 
RI Report. 

In-situ permeability tests were conducted on two deep 
piezometers, yielding a hydraulic conductivi ty range of 0.87 
to 28 ft/day, with a geometric mean of approximately 5 ft/day 
and a median value of 14 ft/day. This is substantially lower 
than the median value of 65 ft/day used in calculations in the 
June 1987 RI Report. 

Horizontal ground water gradients for the deep unconsolidated 
sediments ranged from a very flat 0.00061 ft/ft value in the 
northern NIROP region, to 0.0089 ft/ft in the southwest 
region. Gradients over the central NIROP ranged from 0.0037 
to 0.0041 ft/ft. These gradients are similar to the 0.0044 to 
0.012 ft/ft range calculated for the June 1987 RI Report. 

Ground wa ter veloci ties in the deep unconsolida ted sediments 
were substantially lower than for the shallow zone, raneing 
from 4 to 54 ft/yr. These velocities are substantially lower 
than the 350-950 ft/yr range cited in the June 1987 RI Report, 
and are a reflection of the significantly lower hydraulic 
conductivities determined from the recent investieation. 

The piezometric surface of the bedrock aquifer (Fisure 5-7) in 
the northern region (on- and off-si te) was approxima tely 2 
feet lower than reported in the June 1987 RI Report, and 
gradients appear very flat. Data from FMC property south of 
the NIROP facility were not available. 

Flow directions in the northern region appear to be away from 
the Mississippi River toward the east-southeast. These 
findings contras~t with the June 1987 RI Report, where the 
piezometric surface was inferred from bedrock wells located to 
the south, and flow direction was shown to be to the south
southwest. Very flat gradients in this region' may be 
susceptible to seasonal and perhaps pumping effects from City 
of Fridley Well No. 13. This well operates infrequently 
during the winter months. However, its use increases 
substantially during warm weather months. During May 1988, 
\-lell No. 13 was operated approximately 8 hours per day. In 
mid-June 1988, the operating time had increased to greater 
than 12 hours per day. The well is installed to a depth of 
332 feet, and has a pumping rate of 1,100 gpm. 

1332.53 139:RTA:frid0613 5-11 
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In-situ permeability tests were conducted at one bedrock well,
5-PC, yielding a hydr~ulic conductivity of more than 110
ft/day. This contrasts with 46 ft/day estimated for the
bedrock aquifer in the June 1987 RI Report.

J.forizontal ground wa ter gradients were not calcula ted for the
bedrock aquifer for the following reasons:

Data for the southern region (on- and off-site) we:re not
available, which only allowed characteriza tion Of the
northern region.

The piezome tric surface of the northern region (o!n- and
off-si te) was extremely fIa t.

Vertical gradients in the north and northeast region were
typically upward, while gradients in the southern :region
(southeast and southwest) were typically downward.

The magnitude of the vertical ground water gradients,
independe~~ of direction, ranged from 0.00020 to 0.0063 ft/ft
for several off-site and on-site well nests, indicating that
ground water flow across the NIROP has a weak vertical
component, and is essentially horizontal. Gradients were
typically steeper between shallow and intermediate zones in
the unconsolida ted sediments, than be tween in termedia te and
deep zones •

5.3.• 3 Data QA/Qc Evaluation and Presentation

Ground water samples collected by RMT were analyzed by the U.S.

Army Corps of Engineers-Wa terways ExperimentS ta tion (\~ES) for

constituents listed in Table 5-1. The WES labora tory also performed

internal laboratory quality assurance analyses. Quality assurance

samples collected by RMT were analyzed by the U.S. Army Corps of

Engineers-Missouri River Division (MRD) laboratory. Sample bottles for

all field and QA/QC samples were supplied by RMT. Additional

informa tion on the quali ty con trol and assurance aspec ts of wa ter

quality analysis are found in the A-E Quality Control Summary Report for

Well Installation and Sampling (RMT, In Preparation(a» •

• 1332.53 139:RTA: frid0613 5-14



• TABLE 5-1
CH~MICAL PARAt1ETERS Al~ALYZED IN GROUND WAT£R SAMPLES

•

Vola tile Organic Compounds1

Vinyl Chloride

~ethylene Chloride

Trichlorofluoroloe thane

1,1 Dichloroethylene

1,1 Dichloroe thane

Cis- and Trans- 1,2 Dichloroethylene

Chloroform

1,1,1 Trichloroethane

Trichloroethylene

Benzene

Te trachloroe tllylene

Toluene

Ethyl Benzene

Metals 2 (Dissolved)

Barium

SeleniuiTI

Manganese

Zinc

•

Xylene

1VOCs selected for analyses ~ere based on the list of VOCs
detected to date as reported in the June 1987 RI Report (RMT,
R4). Parameters recommended for analysis in the report also
included xylene due to its detection in pits/trenches, and
vinyl chloride which ~as added to the list because it is a
breakdown product of TCE.

2Metals selected for analyses ~ere based on Table 7-2 of the
June 1987 RI Report (RMT, R4). Parameters selected are those
metals that exhibited a determinable off-site health risk.
Selenium was added due to its detection at well 9-5 at a
concen tra tion exceeding its Maximum Con taminan t Level.

NOTE: Analysis methods followed USEPA SW-846 methods, 3rd
edition, Novelober 1986.

1332.53 139:RTA:frid0613T
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Findings and conclusions for samples an1'llyzed by t!1e iJES labon tory 

are as follo .... s: 

5.3.4 

Laboratory precision, as determined by analysis of five 
duplica te sample pairs, was generally wi thin the his toric 
range of Percent Relative Standard Deviation (% RSD) 
established by the USEPA for SW-846 methods (USEPA, 1987b p.F-
7). The upper range for TCE (33.7%) was slightly outside of 
the historic limit of 28%, but this is not considered 
significant. All mean precision data were .... ithin the historic 
precision range. 

Thirteen trip blanks were submitted for analysis. All results 
were below the analytical detection level for all 
constituents, except for five trip blanks that contained 
traces of me thylene chloride. The source of this cons ti tuen t 
origina ted during bottle prepara tion in the labora tory. Any 
trace detection of this constituent in field samples should be 
interpreted as originating from the same process. 

Five field (rinsate) blanks were collected and submitted for 
analysis. Methylene chloride was detected in one of the three 
field blanks for which results were received, indicating 
labora tory con tamina tion. All other cons ti tuen ts were belcr..1 
detection levels. Results for the remaining two field blanks 
were not available • 

Laboratory accuracy, as determined by percent recovery of 
surrogate-spiked samples, was determined through analysis of 
75 field and QA/QC samples for three surroga te parameters. 
~1ean accuracies were very high, wi th results close to 100 
percen t recovery. t1inimum and maximum values for all three 
surrogates analyzed were outside of EPA guidance levels 
established" for these constituents, based on SW-846 and 
Contract Labora tory Program methods (USEPA, 1987a p. B-37; 
USEPA, 1987b p.F-7). Given the high degree of accuracy for 
mean values, however, laboratory accuracy is considered 
accep ta ble. 

Evalua tion of Cons tl tuen ts 

Four inorganic constituents and 15 volatile organic compounds 

(VOCs) (Table 5-1) were analyzed from ground water samples collected by 

RMT from January 25 through February 18, 1988. Findings and conclusions 

from the analysis results are discussed below for each cons ti tuen t. A 

1332.53 139:RTA:frid0613 5-16 
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discussion of the occurrence and migration of these constituents at the

NIROP site is included in Section 5.3.5.

lnorganics

Barium, Dissolved - Barium was above the detection level in all
samples, but never exceeded the Haximum Contaminant Level (MCL) for
drinking water of 1.0 mg/l. Barium ranged from 0.05 mg/l at well
3-PC, to 0.256 mg/l at well I-I. This range is comparable to the
November 1986 sar.tple round. Well I-I is a northeast off-site well,
demonstra ting tha t observed barium levels do not appear to be
originating from on-site operations.

Manganese, Dissolved - Manganese was above the detection level in
all. samples, ranging from 0.003 mg/l at well 2-PC (north, 'ontsite),
to 2.51 mg/l at well 7-S (north, on-site). !-1anganese exceeaed the

I
Secondary Maximum Contami-nant Level (SMCL) for drinking lola ter of
0.05 mg/l at 44 out of 52 wells. Concentrations near .0.7 mgVl were
found upgradient of the NIROP in off-site wells, and northea~t off
site well 15-S contained 2.33 mg/l. This demonstrates that
comparable concentrations were found' on-site as well as off-site.
These results support the June 1987 RI Report conclusion that the
observed manganese levels do not appear to be originating on-site.

Selenium, Dissolved - Selenium was detected in only one well, 9-S,
at a concentration of 0.08 mg/l. This is above the MCL of 0.01
mg/l and above the November 1986 level of 0.049 mg/l. As noted in
the June 1987 RI Report (page 5-42),selenium was analyzed for the
first time in samples collected during November 1986. In that
sampling round, selenium was detected in only two wells:
background well 14-S (0.008 mg/l) and on-site well 9-S (0_.049
mg/l). The continued presence of selenium only in well 9-S is an
indication of a possible off-site, upgradient contaminant source
east of the NIROP property.

Zinc, Dissolved - Zinc was. detected at 47 out of 52 wells. The
highest concentration of 2.18 mg/l was detected in an off-site well
north of the NIROP (well 16-S), and is well below the 5.° mg/l
SMCL. The 2.18 mg/l value is also lower than the maximum
concentration of 4.71 mg/l detected at well 18-S in November
1986. In January 1988, concentrations near 1 to 1.5 mg/l were
frequently found north, off-site. Based on these results, and as'
concluded in the June 1987 RI Report, zinc does not originate
exclusively from the NIROP.

• 1332.53 139:RTA:frid0613 5-17
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Volatile Organic Compounds (VOCs) 

Of the 15 VOCs analyzed, benzene, chloroform, ethyl· benzene, 

trichlorofluoromethane, and vinyl chloride were not detected in any 

wells during the recent sampling round. Methylene chloride was detected 

in several ins tances, bu t is assumed to origina te from wi thin the 

laboratory as discussed in Section 5.3.3. 

In November 1986, benzene was detected in well 17-S at 0.0065 

mg/l. Chloroform and ethyl benzene were not detec ted a t any loca tion 

during that sampling round. Trichlorofluoromethane and vinyl chloride 

were not previously analyzed. Vinyl chloride (along with 1,1-

dichloroethylene, and cis-and trans-l,2-dichloroethylene) is a breakdown 

product of trichloroethylene, which in turn is a potential degrada tion 

product of tetrachloroethylene. 

The following findings and conclusions focus on the nine remaining 

VOCs that were detected in the January-February 1988 samples. 

1,1,1-Trichloroethane (TCA) - TCA was detected in 7 wells, ranging 
from 0.086 mg/l in well 9-D (southwest, off-site) to 0.75 mg/l in 
well AT-l (southeast, on-site). This is in excess of the 0.2 mg/l 
MCL. The MCL was also exceeded at well 5-1 (0.287 mg/l), located 
near well AT-I. The highes t cone en tra tion of TCA de tee ted in 
November 1986 was at well 6-S (0.13 mg/l) in the southwest NIROP, 
where TCA has subsequently decreased to below the detection 
limit. Consistent with previous findings, TCA was not detected in 
any background wells, and was usually associated with significant 
levels of TCE. 

l,l-Dichloroethane (I,l-DCA) - l,l-DCA was detected in six on-site 
wells near the former pit/trench area and in the southeast N1ROP, 
consistent with previous findings. Concentrations ranged from 
0.0089 mg/l at well 3-1 (north, on-site) to 0.106 mg/l in well 5-1 
(southeast, on-site). The highest concentration detected in 
November 1986 was 0.035 mg/l at well 9-S, which is a shallow well 
located adjacent to WellS-I. l,l-DCA was not detected in 
background wells and was always associated with the occurrence of 
TCE, consistent with previous findings. There are no regulatory 
limits set for this constituent. 

1332.53 l39:RTA:frid06l3 5-18 



• 

• 

• 

1,I-Dichloroethylene (l,I-DCE) - 1,I-DCE was only detected in two 
on-site wells, AT-l and 5-1 (southeast) and in one off-site 
downgradient well, 18-S (southwest). 1,I-DCE is a bre~kdO\m 

product of TCE. Concentrations ranged from 0.009 mg/l at the 
downgradient well to 0.021 mg/l at well .\T-l. Concentrations 
exceeded the MCL of 0.007 mg/l in every instance where it 
occurred. 1,1 DCE wa.s not detec ted a t any well loca tion during 
November 1986, but had been previously reported at well 9-S at 
concentrations ranging from 0.0056-0.0092 mg/l. 

Cis-l,2-Dichloroethylene (Cis-l,2-DCE) - Cis-l,2-DCE is a breakdown 
product of TCE and was detected in 19 wells, always in the presence 
of TCE. Cis-1,2~DCE was not detected in any background wells, but 
was found in four off-site downgradient wells. Concentrations in 
on-site wells ranged from 0.011 mg/l in well 11-S (southwest) to 
1.41 mg/l in well 5-1 (southeast). The highest concentration (2.44 
mg/l) was found in off-site well 18-S (southwest). These results 
cannot be direc tly compared to previous resul ts, since previous 
resul ts were expressed as total 1, 2-DCE, which included both cis
and trans- isomers. There are no regula tory limits for this 
cons ti tuen t. 

Tetrachloroethylene (PCE) - PCE was detected in 10 on-site wells 
and one downgradient off-site well, 17-S (southwest). 
Concentrations ranged from 0.0058 mg/l to 0.37 mg/l, comparable to 
previous findings. The highest concentrations were found in wells 
5-1 and AT-l (southeast), which correspond to the location of 
highest concentration in November 1986 (0.20 mg/l at 9-S). There 
are no regulatory limits established for PCE. PCE was found in the 
presence of TCE with the exception of well 4-S, where TCE was not 
detec ted. 

Toluene and Xylenes - Toluene and xylenes are petroleum derivatives 
that were only found at intermediate-depth wells AT-l and 5-1, in 
the sou theas t corner of the facili ty. These wells were ins talled 
to about the same depth (screened interval 45 to 60 feet below 
ground), .approximately 10 to 15 feet apart. The highest 
concen tra tions of toluene and xylene were found in well AT-I, at 
0.0074 mg/l and 0.063 mg/l, respectively. There are no regulatory 
limits established for these constituents. Toluene was not 
detected in any wells in November 1986. Xylene was not analyzed 
prior to January 1988. 

Trans-l,2-Dichloroethylene (Trans-1,2-DCE) - Trans-l,2-DCE is a 
breakdown product of TCE. It was found in only two instances, and 
was associa ted with high concentra tions of TCE. The highest 
concentration measured was 0.22 mg/l at off-site well 4-1 
(southwest). Results from the recent sampling round for Trans-1,2-
DCE cannot be directly compared to previous results, since previous 
results were expressed as total 1,2-DCE concentrations, which 
included both cis- and trans- isomers • 
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Trichloroethylene (TCE) - TCE was detected in two background \Jells 
05-S and 23-S), 22 on-si te wells, and 6 downgradien t, off-site 
wells. The concentration in background well 15-S (northeast) was 
0.011 mg/l. The analysis of the sample from background well 23-S, 
located approximately 550 feet to the east of the N1ROP on property 
owned by the Burlington Northern railroad, showed the presence of 
TCE, although it was below the analy tical detec tion limi t. On-s i te 
well concentrations ranged from 0.008 mg/l (3-D, east) to 11.3 m3/l 
(AT-I, southeast). The highest concentration measured downgradient 
(off-site) was 12.7 mg/l at well 18-S. The MCL for TCE is 0.005 
mg/l. The highest concentrations of TCE measured in ~ovember 1986 
were 9.2 mg/l at on-site well8-S (north) and 10.7 mg/l at off
site, downgradient, well 8-D. 

Nine wells exhibited TCE concentrations several orders of magnitude 

higher than the lowest detectable concentration (0.005 mg/l). These 

nine wells represent two main problem or source areas, and one 

downgradient, off-site area as follows: 

\~ell No. 

8-S 

3-1 

FMC-33 

9-S 

5-1 

AT-1 

18-S 

4-1 

8-D 

TCE 
Concen tra tion 

(mg/l) 

6.8 

2.7 

1.3 

1.32 

7.1 

11.3 

12.7 

8.1 

10.8 

1332.53 139:RTA:frid0613 

General Location 

North, on-site 

'North, on-site 

North, on-site 

Sou theas t 
on-site 

Southeast 
on-site 

Southeast 
on-site 

Southwest 
off-si te 

Southwest 
off-site 

Southwest 
off-si te 

5-20 

Location 
Description 

Area downgradient of 
former disposal trenches 

Area downgradient of 
former disposal trenches 

Area downgradient of 
former disposal trenches 

Unknown on-site or off
site source 

Unknown on-site or off
si te source 

Unknown on-site or off
site source 

Combined contaminant 
plume 

Combined contaminant 
plume 

Combined contaminant 
plume 
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TCE continues to be the best indicator of the occurrence and 

migra tion of ground lola ter con tamina tion a t the ~IROP. TCE is used in 

the following section to define contaminant plumes ~nd migration. 

5.3.5 Occurrence and Migration of Hazardous Substances in Ground Yater 

This sec tion focuses more extens i ve1y on the concen tra tions and 

distribution of TCE and other specific constituents wit~in the 

unconsolidated aquifer. Emphasis is on findings from the most recent 

ground wa ter sampling round (January-February 1988), although his toric 

trends are also analyzed. The discussion is organized by problem area, 

as shown in Table 5-2, to highlight informa tion on potential source 

areas. The general "areas" referred to belOW' are identified on Figures 

5-8 through 5-10. These figures also show the assumed distribution of 

TCE concen tra tions across the general study area as es tirna ted 

concentration contour lines. 

Area 1 - Background 

Wells in this area are background wells, i.e., wells 
unaffected by NIROP activities. There were no VOCs detected 
in water table wells or piezome ters, wi th the exception of 
wells 15-S and 23-S. Well 15-S registered 0.011 mg/l TCE. 
TCE at well 15-S is a recurring problem wi th fluc tua ting low 
levels of TCE since April 1986. TCE at well 15-S 1s the basis 
for extension of the TCE plume upgrad1ent of the NIROP (Figure 
5-8). I t is likely tha t the low levels of TCE de tec ted at 
well 15-S originating from an unidentified off-site, 
upgradient, source continue to impact NIROP ground water 
quali ty. 

Area 2 - North, On-S i te and Off-S i te 

On-site wells in this area are likely affected by residual 
contamina tion from the former pi t/trench disposal area. The 
highest degree of contamination is found at well nests 3-S and 
8-S, loca ted downgradient from the previously identified 
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Area 
Designation 

1 

2 

3 

4 

5 

6 

TABLE 5-2 
TCE-CO:nAIHl~ATED REGIONS 

Problem Area 

Background; 
North, l~ortheas t 

i~orth, On-Site 
and Off-S i te 

East, On-site 

Associa ted 
Well Nes ts* 

12-S, 13-S, 
14-S, 15-S, 
I-S 

7-S, 16-S, 
2-S, 8-S, 
3-S 

21-S, 4-S 

Southeast, On-site 9-S, 22-S 

South~est, On-site 

Southwest, 
Off-site 

5-S, 6-S, 
10-S, ll-S, 
24-S 

17-S, 18-S, 
19-5 

Significance 

Low level TCE . 
co~tamination at nest 
15-S. 

Source of residual 
TCE and other VOCS. 

Low-level TCE 
originating on-site 
or off-site. 

Highes t TCE concen
tration detected on
si teo 

Low to mo de ra te 
levels of TC£. 
Probably reflects 
con taminan ts 
migrating from trench 
disposal area. 

Downgradient off
si te ",ells. 

*Refer to previously cited figures or Figures 5-8 through 5-10 to 
identify the intermediate, deep, and bedrock piezometers associated 
with the shallow wells identified in this table • 
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,pit/trench disposal areas. These findings are supported by
the soil pore gas survey results (Section. 4.1.4).

TCE has been detected in the range of 0.1 to 0.2 mg/l in well
16-S in three sampling rounds, since April;1986. TCE was not

'found in the new deep piezometer 11-0 at this location,
indicating that TCE occurrence is limited to the upper
portions of the aquifer in the unconsolidated sediments.
Horizontal flow gradients measured over this, same period
indica te tha t, flow direction in the north area is variable"
which may be the result of seasonal effects and perhaps
pumping effects from Fridley Wei1 No. 13. Soil pore gas
samples were not, collected in the area immedia tely north of
well 16-S due to the inabili ty to, obtain access permission
from the property owner (RMT, 1988a). IdentifieR tion of the
source (on-site or off-site) of TCE contamination in well 16-5
is incone Ius i ve, due to the fluc tua ting ground wa ter flow
direction in the north area and the lack of soil, pore gas
results in the area north of well 16-S.

Low levels of TCE were found at well nest 2-S (0.031 to 0.05
mg/l), which may also be attributable to the former trench
disposal area east of the well. ijowever;' in this ca~e, TCE
appears to have migra ted throilghou t the unconsolida ted
aquifer, since it was detected in the shall~ well (0.05 mg/l)
and the deep piezometer (2-D, 0.031 mg/l) as well. The soil
pore gas survey also found elevated TCE/DCE concentrations at
the wa ter main excavation site immedia tely eas t of this well
nest. Solvent-like odors were detected by construction
workers during excavation of a new water main trench along the
northern NIROP fence line, to the east of well nest 2-S, in
Oc tober 1987. De tectable levels of VOCs were measured by M?CA
personnel who visited the site during the construction work,
using portable instruments (Vojvodich, 1987). These find~ngs

confirm the 'presence of residual VOC contamination in the soil
,in this area, but do not indica te whether or not the area ,is a
separate source of ground water contamination indicated' by
wells 2-S and 2-D.

'~el1 nest 7-S showed a low concentration of TCE (0.066 mg/l)
in well 7-S, but no TCE in the deep piezometer (wellS-D).
The ground water flow directions suggested, by the water table
contours shown on Figure 5-5 indicate that TCE detected in
this location may originate from an off-site, upgradient
source.

A TCE concentration of 6.8 mg/l was found at well 8-5
immedia tely downgradient of the former pi t/trench disposal
area. TCE was also detected at the intermediate depth (2.7
mg/l) and at the base of the unconsolidated aquifer (0.33
mg/l), indica ting migra tion throughou t the aquifer has
occurred at this location. TCE at well 8-S decreased from 9.2'. 1332.53 139:RTA:frid0613 5-26
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mg/l in November 1986, to the present 6.8 rng/l
concentration. Multiple contaminants in addition to breakdo~n

products of TeE were also detected, including TCA, 1,1-DCA,
and PCE •

Moderate levels of TCE were found in well nest 3-S, increasing
from 0.41 mg/l in well 3-S, to 1.3 mg/l in intermediate depth
well FMC-33. There is no deep piezome ter ins talled a t this
location, but cuntamination likely exists throughout the
unconsolidated aquifer, since it also exists at .a low level in
bedrock well 2-PC (TCE 0.01 mg/l). Currently, well 2-PC is
the only bedrock well showing any detectable TCE
contamination. A slight increase in TCE concentration at well
2-PC has occurred between November 1986 and January 1988,
which sugges ts a leveling-off or reversal of an otherwise
decreasing trend in concentration. Unlike well nest 8-S, TCA
and PCE were not detected at any depth.

Comparing well nes t 8-S to we 11 nes t 3-S approxima tely 300
feet to the southeast, well nest 3-S shows less contamin~tion

by TCE (fac tor of 16 difference in shallow zone), and no
detectable PCE at any depth. The decreased TCE concentrations
and absence of PCE at well nes t 3-S sugges t two different
source areas, or simply greater dilation of a single source as
detected at well nest 3-S. Dilution by ground water could
occur if well ne·st 3-S is further downgradient from the
source(s) than well nest 8-S, as well as off-set (to the
southeast) from the plume centerline.

Contarnination was not detected directly east or west of Area
2, based on lab data for well nests 1-$ (east) and 25-S
(west). This shows the contaminant plume to be confined to a
region that more or less conforms to the "old river channel"
discussed in Section 5.2 and shown on Figure 5-4B, and to the
ground water flow directions indicated by horizontal gradients
shown on Figures 5-5 and 5-6.

Area 3 - East, On~Site

Well nests 21-S and 4-$ are contained within this area, which
borders the eas t bounda ry of the NIROP. Low to modera te
levels of TCE are found a t these loca tions, bu t .the mix of
consti tuents is different between the two loca tions. Each
well nest may be detecting an off-si te component of
con tamina tion.

Well nest 21-S is newly installed and located immediately
downgradient to Hazardous Waste Storage Area c. TCE was
detected in well 21-S at 0.4 mg/l along with smaller amounts
of TCA (0.023 mg/l) and PCE (0.038 mg/l). These contaminants
were also detected in the dry well at Hazardous Waste Storage
Area C (RMT, 1987a). VOCs were not detected in the
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intermediate well 2-1, suggesting that the contamination
. source is Hazardous Waste Storage Area C, or an off-site
source in the nearby area. Con taminants gener:'! ted from the
area likely contribute to the downgradient contaminant plume
(Area 6).

The shallow and deep wells at well nest 4-S have a history of
low-level contamination which, like nest 21-$, cannot be
attributed to a specific on-site or off-site source area. TCE
was not detected in well 4-S in June 1985, but concentrations
have gradually increased to 0.077 mg/l in January - February
1988. TCE was also detected in the deep piezometer (well 3-D)
at low levels, decreasing slightly from November 1986 (0.012
mg/l) to January 1988 (0.008 mg/l). A low concentration of
PCE was reported in bedrock well 3-PC (0.0058 mg/l) just above
the detection limit, but TCE was not present. This is the
first occurrence of PCE in well 3-PC, and may simply be a
laboratory artifact. However, this well should be included in
any future sampling at the NIROP in order to determine whether
this . report of PCE actually represents ground wa ter
con tamin~ldon.

Area 4 - Southeast, On-site

The highest level of TCE contamination on-site was found at
this location, at the intermediate depth. All wells in this
area other than well 9-S are newly installed.

TCE was detected in wells 9-S 0.32 mg/l) and 22-S. (0.4 mg/l),
along wi th a mix of other contaminants, including PCE and
selenium. Selenium is considered to be an indicator of off
site contamination, since it was not used directly in any
N1ROP process (RMT, 1987a). Selenium has been found
consistently only in well 9-S. The TCE concentration at well
9-S has decreased since January 1986, when 4.2 mg/l was
measured.

Well 22-S was generally less con tamina ted wi th TCE and other
co·ns ti tuen ts than well 9-S.. Well 22-S is loea ted
approximately 25 feet to the east-southeast of well 9-S,· and
is slightly upgradient of well 9-S in relation to the
direction of ground water flow (see Figure 5-11). Well 22-S
may reflect an upgradient off-site source.

Coneen tra dons of TCE de tec ted a t the in termedia te dep th in
wells 5-1 0.1 mg/l) and AT-1 (11.3 mg/l) were greater than
those reported from the shallow, water table wells. . A wide
mix of other contaminants was detected at much lower
concentra tions, including PCE, toluene, and xylenes. The
vertical extent of this contamina tion TIlay be limi ted by the
less permeable till layer discussed in Sec tion 5.2 and shown
on Figure 5-4B. Con tamina tion may have been presen t
previously at this depth, but has gone undetected in the• 1332.53 139:RTA:frid0613 5-28
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absence of intermediate-depth wells. It is probably a major
-contributor to the contaminant plume detected dOIJu3radient
(southwest) of the facility.

No VOCs were detected in the deep piezometer (well 14-0),
which may be due to the intervening till layer noted above.

A TCE time-series test was conducted using the wells in this
area to assess ~le presence or absence of an off-site
con tam ina tion source. A detailed description of the
procedures and results of this test is presented in a separate
document (RMT, In Preparation(a)). A plan view of wells used
in the TeE time-series test is shown on Figure 5-11. Figure
5-12 provides a cross-sectional view and also graphically
illustrates results. Well 14-n is not shown on Figure 5-12
because TCE concentrations were at or near the detection limit
throughout the test, and results were assumed to exhibit only
analytical variability. Findings and conclusions from the TCE
time-series test are as follows:

Analysis of time-series da ta from well 9-S indicates an
area (and potentially a source) of higher TCE
concentration northwest of well 9-S.

Analysis of time-series da ta from well 22-S sugges ts the
- possibility of a low-level upgradient, and potentially
off-site source, although a substantial amount of
uncertainty exists due to the shape of the concentration
versus time plot (Figure 5-12).

Analysis of time-series data from well 5-1 can be
interpreted in one of two ways as follows:

1. Deeper, cleaner lola ter may have been drawn upward
pas t the well screen of 5-1 as pumping proceeded.
However, given the probable existence of a less
permeable till layer near the base of the screen,
this flow condition was unlike~y.

2. Assuniing well 5-1 was situated closer to the far
edge of the TCE plume than the pumping well AT-1
(initial concen tra tions of 10 and 13 mg/l,
respectively), less contaminated water would have
been drawn past the well screen of 5-1 as pumping
progressed. TCE concen tra tions in 5-1 would have
regis tered this decrease. Given this scenario, the
plume center would have to have been between 5-1 and
AT-I, or to the eas t..;.sou theas t of AT-I.
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AreA 5 - Southwest, On-site

TCE was detected at relatively low concentrations in four out
of five shallow lola ter . table wells in this area, ranging from
0.023 mg/l in well 24-S, to 0.32 mg/l in well 6-S. TCE was
also detected in the production well AT-2 (0.6 mg/l),
installed at the intermediate depth. TCE was not detected in
the deep piezometers or in the bedrock well 4-PC. His toric
data for these wells, plus January 1988 data, indicate that
TCE concentrations are fluctuating at well 6-S, steady or
slightly increasing at well 10-S, ·and steady at well 11-S.

The water quality represented by wells 6-S and 10-S is
distinct from the water quality represented by wells l1-S and
24-S, in that wells 6-S and 10-S also show PCE
con tamina tion. PCE may be origina ting from the upgradient
former pit/trench disposal area, since it was found in wells
8-S and 3-1, and may be migrating through the region
represen ted by wells 6-S and 10-S. TCE concen tra tions are
also higher in wells 6-S and 10-S than in wells l1-S and 24
S. TCE may be originating from the upgradient former
pi t/ trench disposal area, where it was de tec ted in high
concentrations. There is no direct evidence that sources of
ground lola ter contamina tion in this area origina te wi t the
N1ROP. TCE levels in well 9-D have fluctuated between 0.15
and 0.65 mg/l since April 1986. TCE levels in 19-5 have
fluctuated between 0.0062 and 0.088 mg/l over the same time
period.

Area 6 - Southwest, Off-site

Well nest 17-S is positioned downgradient from Area 5 and
exhibi ts contamina tion charac teris tics very similar to wells
6-S and 10-S of tha t area. TCE (0.276 mg/l) and PCE (0-.021
mg/l), as well as a breakdown product of TCE, are found in
well 17-S. TCE concentrations at well 17-S have been
fluctuating, with a possible increasing trend. No VOCs have
been detected in the deep piezometer (well 7-D).

TCE in well 18-S has risen dramatically from November 1986
0.53 mg/l) to January 1988 (12.7 mg/l). Similarly, TCE in

Well nest 18-S appears to be centrally located within the
con taminan t plume leaVing the NIROP. I t is therefore well
pod tioned to detect changes over the long term. A high TCE
concentration was measured in well 18-S (12.7 mg/l) , along
with several other VOCs at lower concentrations. PCE was not
detected. High TCE concentrations were also detected at the
intermediate depth (8.1 mg/l) and at the base of the
unconsolidated aquifer (10.8 mg/l) , indicating migration of
TCE throughout the unconsolidated sediments.
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well 3-0 rose from 5.7 mg/l (April 1986) to 10.7 mg/l in
November 1986, where it has remained nearly constant. It is
expected that the high TCE concentr.<itions found in thO!
southeast as well RS the northern NIROP area contribute to the
quantities of TCE detected at this downgradient site.

Well nes t 1~-S a·ppears to be s i tua ted to the sou th of the
contaminRnt plume leaving the HIROP. A 1(701 TCE concentr:Hion
WRS measured in well 19-5 (0.0062 mg/l) in January - February
1988. However, a higher concentration (0 •.15 mg/l) was
measured in the deep piezometer (well 9-0), along wi th low
level TeE breakdown products and TCA. It is not known if any
components of this contamination originate from the FMC
property to the south of the NIROP. TCE levels in well 9-D
have fluctuated between 0.15 and 0.65 mg/l since April 1986.
TCE le·vels in 19-5 have fluctuated between 0.0062 and 0.088
mg/l over the same time period.

Summary

An unidentified, off-site source of ground water VOC contamination

exists to the northeast of the NIROP. This source probably contributes

relatively low concentrations of VOCs to the ground water contamination

detected Rt the NIROP.

The potential exists· that an upgradient, off-site source located

northeast of the NIROP may currently, or in the future, contribute to

the ground water contamination detected at the southeast corner of the

NIROP. However, the current existence or absence of such an off-site

source, or the likelihood that future effects of an off-site source will

be detected at the NIROP, could not be determined from the existing

inforrna tion•.

The source of ground lola ter VOC con tamina tion de tec ted immedia tely

to the northwes t of the NIROP property cannot be conclus ively

identified. The source may be on-site or off-site, based on the

fluctuating ground water flow direction measured in this area.
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Significant levels of contamination were detected at two locations

on the NIROP: the former pi t/trench disposal area in the north~rn

portion of the property, and the sou theas t corner of the NIROP.

Contamination from each of the two major on-site contamination areas

appears to converge at some point beneath the plant and discharge to the

southwest, off-site through the old river bed deposits.

5.3.6 Bench-Scale Testing

Packed-bed air stripping columns and carbon adsorption are being

evalua ted as potential technologies for remedia tion of ground wa ter at

the NIROP (RMT, 1987b). On-site, bench-scale tests of the ground water

were conducted to determine whether the chemical characteristics of the

ground water would result in potential operation or maintenance problems

if implementation of either of these technologies was pursued •

Based on previous ground water quality data, it was. anticipated

tha t ground wa ter in the vicini ty of the NIROP may be in a chemically

reduced condi tion. If so, tJle wa ter may contain dissolved iron at

sufficient concentrati,ons to cause precipitation of iron hydroxide and

subsequent fouling of treatment equipment if the iron is oxidized by

oxygen absorbed from the atmosphere. Similarly, it was anticipated that

precipi ta tion of calcium carbona te from the ground wa ter could foul

remedia tion equipment. Calcium carbona te precipi ta Hon could occur if

the ground wa ter 1s supersa turated wi th carbon dioxide wi th respect to

the a tmosphere. As the wa ter loses carbon dioxide to the atmosphere,

the pH rises and calcium carbonate may precipitate, causing scaling and

fouling of treatment equipment and piping .

•

• 1332.53 139:RTA:frid0613 5-34



•
To tes t the poten tial for calcium carbona te ::lnd iron hydroxide

precipi ta tion, five samples of pumped ground wa ter were collected from

the discharge of well AT-2 during the Rquifer pumping test conducted in

February 1988 (A-E QCSR-Aquifer Tes ts (RMT, In Prepara tion( b». The

samples were collected after allowing the discharge wa ter quali ty to

stabilize, as determined by constant pH, temperature, and specific

conductance. Samples were drawn from a tap on the pump discharge header

through a Tygon@ tube inserted directly into the sample container, to

minimize air contact during sampling.

The samples were analyzed for various constituents before and after

equUibra tion wi th.__t]le a tmosphere. To speed up equUibra tion, air was

bubbled through the samples for varying time dura"tions. The samples

precipitated solids formed during the aeration step to settle for

were also analyzed for various constituents after allowing the

• varying amounts of time. Lab analyses for the bench-scale tes ts were

conducted by ~~T Laboratories, Inc., of Madison, Wisconsin.

A description of the tests conducted is given in Table 5-3. The

results of the bench-scale tests are presented in Table 5-4.

The resul ts indica te the ground wa ter is charac terized by high

concentra tions of dissolved calcium (250 mg/l), and is supersa tura ted

with respect to calcium carbonate (Langelier Saturation Index greater

than zero).
.....

The dissolved calciumconcen tra tion in the ground wa ter

decreased with increasing aera tion time, indica ting precipi ta lion of

calcium carbona teo This was confirmed by the significant increase in

total suspended solids after aeration, which was also visually observed
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Test No.

1

2

3

4

5

6

7

8

9

10

TABLE 5-3
DESCRIPTION OF BENCH-SCALE GROUND

WATER TREATABILITY TESTS

Test Description

Untreated, unfiltered

Untreated, filtered

Aerated 1 minute, settled 10 minutes, unfiltered
superna tant

Aerated 1 minute, settled 10 minutes, filtered supernatant

Aerated 5 minutes, settled 10 minutes, unfiltered
superna tan t

Aerated 5 minutes, settled 10 minutes, filtered
superna tant

Aerated 10 minutes, settled 10 minutes, unfiltered
supernatant

Aerated 10 minutes, settled 10 minutes, filtered
superna tant

Aerated 10 minutes, settled 60 minutes, unfiltered
superna tant

Aerated 10 minutes, settled 60 minutes, filtered
superna tant
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TABLE 5-4

RESULTS OF BENCH-SCALE GROUND
WATER TREATABILITY TKSTS

•
Tes t No. 1 2 3 4 5 6 7 8 9 10- - - -
Aera tion time, minu tes 0 0 1 1 5 5 10 10 10 10

Post-aeration settling
tIme, minutes 0 0 10 10 10 10 10 10 60 60

Pos t-settling fll tra tion
Yes X X X )( X
No X X X X )(

pH - Initial 7.3 - 7.3 - 7.3 - 7.3 - 7.3
Pos t-liera tion - - 7.8 - 8.3 - 8.4 - 8.4
Pos t-se ttling,
superna tallt . - - 7.8 - 8.3 - 8.5 - 8.3

Tempera ture, °c
Initial 14 - 14 - 14 - 14 - 14
Pos t-aera tion - - 11.5 - 11.5 - 12 - 12
Post-settling,
supernatant - - 11.5 - 11.5 - 12 - 12

Specific conductance,
(umhos/cm @ temp.
noted above)

Initilil; 100 - 100 - 100 - 100 - 100
Pos t-lie.ra tion - - 100 - 95 . - 95 - 95...
Pos t-se ttling,
superna tant - - 98 - 98 - 95 - 95

I
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TABLE 5-4 (CONT'O)

RESULTS OF BENCH-SCALE GROUND
WATER TREATABILITY TESTS

•

Tes t No. 1 2 3 4 5 6 7 8 9 10- - - - -
Total suspended solids,
mg/l in supernatant after
settling 220* - 590 - 50 - 23 - 130

Total alkaUnity @ pH 4.5,
Mg/l as CaC03 , after
f iltra Cion - 440 - 420 - 390 - 340 - 340

Calcium, mg/l
Total - superna tant
af ter se ttUng 220* - 220 - 220 - 220 - 200
Dissolved -
superna tant af ter
f 11 tra tion - 25U - 240 - 220 - 230 - 230

Iron, mg/l
Total - supernatant
after se ttUng 1. 7* - 1.8 - 1.8 - 1.8 - 1.4
Dissolved -
superna tant
after filtration - 1.0 - 0.53 - <0.04 - <0.04 - <0.04

Langelier Saturation Index - 0.78 - 1.24 - 1.67 - 1. 74 - 1. 74

*Value is for untreated, well-mixed sample without settling.
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by the i'lnalyst as increased turbidi ty of the s:lmples.

precipi ta tion is further confirmed by decreasing• increased aeration. The decrease in calcium

Calcium cRrbonate

alkalini ty wi th

and alk3lini ty

•

concentra tions was found to be a linear rela tionship wi th time of

aera tion. The sample also contained 1.7 mg/l total· iron, which was

almost completely precipitated after five minutes of aeration.

The bench-scale test results indicate that aeration of ground water

from the NIROP site will cause precipi ta tion of significant amounts of

iron hydroxide and calcium carbona teo The precipi ta ted solids would

cau se po ten tial opera tion or rna in tenance problems for cer ta in types 0 f

ground water treatment equipment. These conclusions will be used in the

evaluation of remedial alternatives conducted in the Feasibility Study.
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6. SURFACE YATER INVESTIGATION

6.1 Surface Vater Characteristics

(No changes to the June 1987 RI Report.)

6.2 Ground Vater/Surface Vater Relationship

(No changes to the June 1987RI Report.)

6.3 Surface Vater Use

(No changes to the June 1987 RI Report.)

6.4 Surface Vater·Contami1iation

A summary of TeE concentrations detected at the raw water intake of

the Minneapolis Ua ter Trea tmen t Plant for the period July 1981 to Augus t

1982 is presented in the June 1987 RI Report ( Table 6-1, page 6-4). A

limited amount of water quality data is av~ilable after 198~ for the raw

wa ter (in take) supply to the Minneapolis Wa ter Trea tmen t Plan t. Resul ts

of samples collected for the period November 1983 to December 1984 are

shown in TI'l ble 6-1 in this report. MPCA personnel also reported by

telephone tha t a sample of the raw wa ter supply to the wa ter Trea tmen t
I

Plant collected in April 1984 contained 0.0034 mg/l TCE.

Additional analyses of the finished (treated) water from the

Minneapolis Wa ter Treatment Plant for the period December 1986 to

December 1987 are shown in Table 6-2. The data indicate that the TCE

concentra tion in the finished wa ter during 1987 was consistently less.

thenO. 00 1 mg/1.
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TABLE 6-1

RESULTS OF WATER QUALll~ ANALYSES
AT THE 11INNEAPOLIS WATER TREATMENT PLANT

•
Sample of Sample of Sample of Sample of

Nov 30, 1983 Dec. 28, 1983 Aug. 3, 1984 Dec. 7,1984
Raw Trea ted Raw Treated Raw Trea ted Raw Tre:) ted

Compound Water Water Wa ter _ Water Water Water Water Wa ter.

BrolOodichlorome thane < 0.0005 o.oooa < 0.0005 0.0007 :< 0.0005 0.0011 < 0.0005 0.0007

Chloroform < 0.0002 0.0081 0.0002 0.0074 < 0.0002 0.0089 0.0007 0.0053

Cls-l,2-Dichloroethylcn~ < 0.0002 < 0.0002 0.0005 0.0003 0.0002 < 0.0002 0.0005 0.0002

~te t:lylene Chloride 0.0012 0.0015 0.0012 < 0.001 0.0020 0.0027 < 0.0010 < 0.0010

1,1, I-Trichloroe thane < 0.0002 < 0.0002 0.0003 < 0.0002 < 0.0002 < 0.0002 0.0002 < 0.0002

Trichloroethylene 0.0004 0.0002 0.0031 0.0015 O.OOll 0.0002 0.0024 0.0015

NOTES:

(l) All values are in mg/!.

(2) Only compounds detected for at least one source are presented.

(3) Samples were collected by the il1nnesota IJepartment of Health
(iiDH) •

(4) Water Treatment Plant raw water is essentially Mississippi River
water at the intake.
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• TABLE 6-2
TCE CONCENTRA'fIO~S I~ TREATED WATER

FROI-1 THE riINNEAP0LIS WAT~R TREAT:iENT PLANT

NOTES:

SaT:1ple Da t':..

Dec~mber 8, 1986

February 23, 1987

~ay 20, 1987

Augus t 24, 1987

December 7, 19B7

TCE, mg/l

None de tec ted (1 )

0.0008

0.0004

0.0005

0.0003

•

•

(1) Method detection limit reported to be 0.0002 mg/l.

(2) Data received by telephone from representative of the Water Supply
Division of t~e Minnesota Department of Public Health (MDH).

(3) Samples were collected by the UDH. No raw water (intake) sam?tes
were collected with the treated water.

(4) Tr~ated water samples were collected at randomly selected
residental and cOliunercial water taps on the distribution syste:n.
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7.1 Introduction•
7• ASSESSKENT OF POTENTIAL IMPACT OF EXISTING GROUND \lATER

CX>NTAMINATION '1'0 PUBLIC REALm

Section 7 is updated to reflect information obtained through

additional investigations subsequent to the June 1987 RI Report. In

particular, additional water quality data, information on gro~nd w?ter

flow paths, and re-evaluation of river dilution yere used to recalculate

risk levels for observed TCE levels in ground water. The risk

•

assessment was evaluated for the potential receptor area of the

Minneapolis municipal water supply intake located approximately one mile

downstream of the NIROP on the Mississippi River.

The public health assessment presented in this section includes a

comparison of calculated incremental carcinogenic risk from the presence

of TCE in river water at the intake to the City of Minneapolis Water

Trea tment Plant to the allowable risk cri teria published by the USEPA

(USEPA, 1986a) • The evaluation method used in the assessment also

followed USEPA guidelines (USEPA, 1986a). The assessment does not take

the routine trea tmen t of raw river wa ter (and the resul ting decrease in

TCE concentrations) into account when calculating risk levels to water

users.

The allowable carcinogenic risk range es tablished by the USEPA is

4 710- to 10- • These values are defined as a risk in the range of 1-

in-10,000 to 1-in-10 million tha t an adul t weighing 154 pounds yho

drinks 2.1 quarts of water, contaminated with a corresponding range of a

cancer-causing constituent, per day for 70 years will develop cancer•

• 1332.53 139:RTA:frid0613 7-1



•

•

7.2 Summary of Existing Conditions

Signific~nt levels of contamination were detected at two
loca tion!? on the NIR::>P: the former pi t/trench disposal area
at the north end of the NIROP, and the southeast corner of the
NIR0P. A less significant off-si te source northeast of the
NIROP, and other possible off-s i te sources eas t and north of
the NIROP, may contribute to the contamination plume. Ground
water f1()oT from each of the two major on-site contamination
source areas appears to converge at some point beneath the.
plant and discharge to the southwest, off-site.

Contaminant transport is controlled by an apparent old river
bed which traverses from north to sou th across the property
and benea th the plan t, and then to the sou thwes t. The les s
permeable till layer normally present benea th the NIROP is
absent in this area.

Contaminants discharging to the river are subject to dilution
in proportion to the ratio of ground water flow to river flow
within the effective mixing zone. Dilution factors were
calculated assuming 10 and 100 percent dilution. These
dUu tion fac tors are much higher than. values calcula ted for
the June 1987 RI Report, for the following reasons:

Es Uma ted Jround wa ter flow 3to the river decreased .from
180,000 ft /day to 68,000 ft /daybased on new estimates
of hydraulic conductivity and ground water gradients.

Mississippi River mean annual flow was used in place of
the 5-year, 1-~ay low flow, resulting In an increase from
100 million ft /day to 660 million ft /day. Mean annual
flow was considered a more appropria te es tima te for use
in the calculation of risk over an extended period_ of
time, consistent with other assumptions used by the USEPA
to develop the acceptable carcinogenic risk range (USEPA,
1986a). The previous calculation (RMI, 1987a)
represented the risk associated with a relatively
infrequent hydrologic occurrence and not wha t a wa ter
user is typically exposed to over a life-time.

Concentrations of TCE at the water intake reported by the
Minnesota Department of Health are bracketed by the 10
and- 100 percent dilution factors, suggesting that this
model may be representative of actual conditions.

The volumetric flow rates used above for calculation of the
dilution factor were offset somewhat by use of a higher
average TCE concentration in downgradient off-site wells. The
average TCE concen tra tion calcula ted for the June 1987 RI
Report was 1.85 mg/l, compared to 3.4 mg/l calculated from the
previous data updated to include the January 1988 data •
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7.3 Evaluation of the Impact of Existing Conditions to Public Health

7.3.1 He thod of Evalua tion

There were no changes to this section other than the use of new

dilution factors, as discussed in Section 7.2

7.3.2 Deviations and Assumptions

No VOCs were detected in storm sewer samples collected during

January 1988. This supports the previous assumption that the discharge

to the river from storm sewers which receive flow from the HIROP does

not currently impac t the VOC concen tra tions de tec ted a t the ci ty wa ter

s upp ly in take.

7.3.3 Computation of Results

Resul ts of the incremental carcinogenic risk calcula tions for TCE

at the i1inneapol1s· water supply intake attributable to contaminated

ground water discharging to the river to the southwest of the NIROP are

presented graphically on Figure 7-1. The following discussion presents

additional information related to these calculations.

Calculated values of TCE concentra'tions at the Minneapolis
municipal wa ter intake were 0.0035 mg/l assuming 10 percent
dilution, and 0.00035 mg/l assuming 100 percent dilution.
This is a decrease of an order of magni tude from values
calculated for the June 1987 RI Report.

The TCE concen tra tion calcula ted a t the wa ter supply in take
based on the assumption of 10 percent dUuti~C results in a
carcinogenic risk level for TCE just above 10 (Figure 7-1),
the USEPA target risk level for individual carcino~~ns. TE;s
is well wi thin the USEPA allowable risk range of 10 to 10 •
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The TeE concen tra tion calcula ted a t the \la tli!r supply in t:lke
based on the assumption of _1,00 per cent dilution results in a
risk level for TeE near 10 , nearly 10 times lo....er than the
USEPA target risk value, and a t the 10\l end of the USEPA
allowable risk range.

Evaluation of Possible Future Effects

Downgradient TCE concentrations may continue to increase, as

observed between November 1986 and January 1938. This conclusion is

based on discovery of high TCE concentrations at the intermediate depth

in the southeast corner of the NIROP. Neither the source nor extent of

con tamina tion a t this loca tion is adequa tely defined. This area of

•

contamination, in addition to other poorly defined potential off-site

sources, preclude reliable estimates of downgradient TCE concentrations

in the future.

The Minnesota Department of Health (~H) discontinued sampling and

analysis of the Minneapolis water supply intake for TCE after 1984.

Therefore, TeE concentration trends in the river water at the location

of the water supply intake over the last four years cannot be

determined.

However, TCE analyses of finished (treated) water from the

Minneapolis Wa ter Trea tment Plant from samples collected by the HDH

quarterly from the fourth quarter of 1986 through the fourth quarter of

1987 showed only trace amounts of TCE (less than 0.001 mg/l), with a

decreasing concentration trend during this period. These resul ts

indica te tha t, although the TCE concen tra tion in ground lo1a ter

discharging to the river downgradient of the NIROP increased

the \later treatment plant decreased qver this same period, and was

significantly during 1987, the TCE concentration in treated water from

• 1332.53 139:RTA:frid0613 7-5



•
always wi thin acceptable levels. Therefore, it is likely tha t the

increment;;ll effect of continued increasing TCE concentrations in the

ground ...,a terdowngradien t of the NIROP on tre8 ted wa te r TeE

concentrations from the city water treatment plant will be negligibl~ in

the near fu ture. The TCE concentration in both the intake water and

•

trea ted wa ter 8 t the ci ty wa ter trea tmen t plan t sh~uld be moni tored

closely for posslble indica tions of an increasing concentra tion trend.
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•

•

8. REFERENCES

Conestoga-Rovers and Associates, Limited. 1985. Feasibility study FMC
and BNR lands groundwater regime (Januarj 1985). Reference No.
1513.

FMC Corpora tion. 1988. Departmental Communica tion from Doug Hildre 
FMC to Dick Hanson.- NAVPRO. June 17, 1988.

Hickok, Eugene A. and Associates. 1981. Evaluation of past disposal
practices, phase I - initial assessment April 1981. Consulting
report prepared for FMC Corporation.

Papadopulos, S.S.and Associates, Inc. 1984. Final report phas.a I and
II· investigation programs, Northern Ordnance Division, F:iC
Corporation. Prepared for FMC Corporation.

RMT, Inc. 1987a-.Remedial investigation report for remedial
investigation/feasibility study at the Naval Industrial Reserve
Ordnance Plant, Fridley, Minnesota (June 1987).

RMT, Inc. 1987b. Feasibility study report for remedial
inves tiga tion/feasibili ty study at the Naval Indus trial Reserve
Ordnance Plant, Fridley, Minnesota (DRAFT - December 1987).

RMT, Inc. 1988a. A-E quali ty control summary report for the soil gas
survey a t the Naval Indus trial Reserve Ordnance Plan t, Fridley,
Minnesota (February 1988).

RMT, Inc. 1988b. A-E quality control and sampling plan for additional
inves tiga tions a t the Naval Indus trial Reserve Ordnance Plan t,
Fridley, Minnesota (January 1988).

RMT, Inc. In prepara tion(a). A-E quali ty control sumJllary report for
well installation and sampling at the Naval Industrial Reserve
Ordnance Plant, Fridley, Minnesota.

RMT, Inc. In prepara tion(b). A-E quali ty control summary report for
aquifer tests at the Naval Industrial Reserve Ordnance Plant,
Fridley, Minnesota.

Thompson, Dale. Minnesota Pollution Control Agency. 1988. Telephone
conversation with Scott A. Miller - RMT, Inc. June 6, 1988.

U.S. Army Corps of Engineers. 1984. Project report of the hazardous
waste cleanup site for the United States Navy at the Naval
Industrial Reserve Ordnance Plant (NIROP) at Fridley, Minnesota •

• 1332.53 139:RTA:frid0613 8-1



•

•

U.S. Environmental Protection Agency. 1986a. Superfund public health
evaluation manual (October 1986). Washington, D.C: U.S •
Environmental Protection Agency - Office of Emergency and Remedial
Response. EPA/540/1-86/060.

u.S. Environmental Protection Agency. 1986b. Superfund record of
decision: New Brighton/Arden Hills/S t. Anthony, tiN (a1 ternate
water supply). U.S. Environmental Protection Agency - Office of
Emergency and Remedial Response. EPA/ROD/R05-86/033. June 1986.

U.S. Environmental Protection Agency. 1987a. USEPA Contract laboratory
program - s ta tement of work for organics analysis. Rev. 8/87.
Washington, D.C.: U.S. Environmental Protection Agency - Office of
Emergency and Remedial Response. P. B-37.

U.s. Environmental Protection Agency. 1987b. Data quality objectives
for remedial response activities. Washington, D.C.: U.S.
Environmental Protection Agency - Office of Emergency and,Remedial'
Response. EPA/540/G-87/003. P. A-4.

Vojvodich, Melvin. Naval Plant Representa tive Office. 1987. Writ ten
correspondence from Melvin Vojvodich to Eric GredeU' - RMT, Inc.
Oc tober 30, 1987 •

'. 1332.53 139:RTA:frid0613 8-2



•

•

9. TERMINOLOGY GUIDE

(No revisions or additions to the June 1987 RI Report) .
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APPE1IDIX A

QlR<»iOLOGICAL .SUMMARY OF OONSTITUENTS DETECTED

IN AT LEAST ONE SAMPLE FROM NIROP

GROUND WATER ANALYSES
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lo.-as : Fca IlIa
Jan-as : Fea I,S4
Jan-aS: PCS 126a
Jan-aS: Sil",. lotal
Jan-aS : Tetrac~lorethene

Jan-aS : TOC
Jan-aS: loluene
lan-aS: Trans 1.1-Dichloroethe.e
lan-aS : Irichloroethene
Jan-as: "line, Total
Jun-3S : 1,1,1-Trichlorntha,1!
Jun-a~ : t.l-Dicnlorcet:'Iin,
Jun-aS : I, I-Dichloroethene
lun-aS : Arsenic. Total
Jun-aS : aenan.
Jun-aS : aisi2.thylh..yIlPhthal.t.
Jun-aS : Cadllu" Total
lun-aS : Chlorolor.
Jun-95 : Ct:rOli:Jl, TouI
Jun-aS : Cis 1.2-Dicnlorcethen.lethyll
lun-aS : Co"er, Total
Jun-aS : Eth/lbenzene
Jun-aS : Lead, Total
lun-BS : Nan9anese, Tohl
lun-aS : N.reUry, Total
Jun-aS : Nethylene Chloride
Jun-S5 : Hick.l. Total
lun-SS : pca 1m
Jun-S5 : PCS 12-9
Jun-a5 : PCB 12S4
Jun-B5 : pca 1261
Jun-aS : Silv". Total
lun-aS : Tetrac~lorethene

Jun-aS : TOC
lun-aS : Toluene
Jun-aS Trans 1,I-Dichl:roethene
Junw3~ : TrichlorQ.~hen9

lun-aS : Zinc, lotal
Jan-36 : 1.1,1 .. Trichlorcet:line
J.n-a6 : I,I-Dic~loroet~ane

Joo-a6 : I,I-Dic~i."et~fr.e
l.n-36 : ~rsenic. 10t.1
Jan-36 : Ben:ene
Jan-a6 : aisllethy!h.HIIPhthal.te
Jan-ab : CiOllUI, foUl
Jan-a6 : Chlor~!or.

1In-30 : Chrc.i'..:., r~tll

J.ln-3~ : Cis 1.2-~ichl~roethl!r.fi!~~.11

~a:1-3i CC:lo~r I r,u:
Jao-ab Etnd:en:"e
;,,-a; : LHJ. 10:,1

i!.am:( i.am: :e a.m: :( um :( I.m' : :( um:( um:( I,m:: :( um :( I.~U~ :( 1.iiB1
<!.am: um: : um: um: I.m:: : I,am: I,am: um: : um: a,m-:( UBI:
(Um:(I,m:: :( I.am :( B,am :< um : :( I.am :( um :( um : I( 1.1811 I( I,am :( B.m:

: : : : I : : : : : : I :
( I.m Ii I.m: :( '.m:< U8S:< U8S: 1< '.m I( I,m:( UB5: :( 8.m I( I.m:; I.m

: : : : : : : : : : : : :
: P 1.115 I 1.1109: : 1.I11:P U8S:P I.BlS: : 1.128 :P I.m: 8.1872: : '.W I( I.m: '.Im:
: < 8.m:< I,m: 1< 1.115 1< 1.885:( I,m: :( '.m: 1.17:< I.m: :( I,m:( '.115:( '.m:
: < '.m:< U8S: I( ',115: I.m:p 1.115 I : 1.811 : U3 I 1.117 : :P 1,115:< I.m:< I.m I

U-6 : 9.25 : : 1.12 : UB2 : 4.17 : : 1.213 : 1.41 : 2.13 I : 1.686 : 1.31 : 1.14 :
8.m:( 1.115 I :( I.m: I,me I( U.S: I( "m:( U.S:( 1.115: I( '.m:c un:i UBS: :( 1.115: " ,,
1.115 I( I.m: :( I.m I( ',115:< I,m: Ie 1.18S:< I,m:( U8S: I( 8.m:c I.m I( 1.115: :( I,m I
8.m:( 1.18S: :( '.195:( 1.l8S:( 1.18S: :< I,m:( 1.115:( U8S: I( U8S:( 8.m:( UIS I I( I.m:

I : : I
, : : : , : : : : : : :, ,

I,m:( I,m :( 1.18S:( 1.195:( I.IIS I :( I.BlS:( I.m I( 8.m : I( 1.185:( I.m:c I.m: I( I.m I
I.m 1< I,m :<I,IBm: 1.8138: 1.1932 I :(1.I8m: 1.8136 I UI49: : 1.8113: 1.1147: 1.1131: : 1.li:~:

: : : : : I : : : : : : : :
1.1114: I.am :( 1.195:( I,m:( 1.115 : :( 1.195:( U8S:( U8S : :( un:c 1.115:( I,m: :( I.m:

, I : : : I , : : I : I I :, ,
: : : : : : I : I : : : : I
I : I , I I I : : : : : I I,

,( '.115:( I.m :( '.115:( 8,m:( U8~ : :( U8S:( U8S:( "m: I( I,m ~( 1.185 IC I,m: :1 I.m:
1.111 : 1.154 : 8,118 : 1.293 : I.m: : 1.139 : 1.116 : 8.145 : i I,au : ual: I,m: : I.m I
1.15 : 1.165 I I 1.914 : 6.98 : 1.516 : I .:439 : 3.16 : 1.191 : I I.nq : I.at : 1.193 : I 1.42' I

: : : : : I I : I I : I
: ( "m:( I.IIS: : 1.16: 1.1157:( 1.185: :( 1.115: I.m:( UIS: :( '.I8S:( 8.m ":( I,m I : 1.110 : " ,
: I : , : : I :,
: ( 1.8112 :< um : :( um :( 1.1112 I( 1,3912 : :( 1.1812 :< I.Im :< 8.1891 : I( I.Im IC un: I( 1.1912 <1.8112:
: ( I,am :( um : :( um I( 1.1192 :( 1.1882 : 1< 9.1182 :( um I( um : :( um :( um :C '.1192 (um:
: ( I.am I( l.a8i' I :( um :( l.m2 :( um I I( um 1< UBB2 :( um I :( 1.lm I( 9.1882 :( um (um:
:(I,lm:(Um: :< 1.lBB1 :(1.1182 :< UII~ : I( um :( 1.1112 :( 1.1192 : : ( ...112 I( 1.1882 : ( 1.1192 ( ...192 :
: : : : : : : : I : I : : :
: < 1.115 I( UI5 I :( 1.185:( 1.18S:( 1.115: :( I.m I( un I( I.m: :( 8,m:( 8.115:( ',115 ( ....5:
: : : : : : : : : : : : : :
: ( 1.115 I( U8S: :( 8.115:< 1.18S:( 1.115 : :( 1.115:( 1.18S I( 1.185: : I,m~:( 1.885 I( I,m UtI
: ( 8.115:( 8.m: :< I.m:( PIS:C I.m: :( '.m: 8.m:( I.m: :1 I.m:( un I( I,m ( I.m
: ( 8,m:< I.m I :< I.m: I,m: '.m i : um: 1.62 I I.ll1 : :( 1,915:< 1.195:< 1.195 ( 1.115

1.2~6 : 2.54 : : '.134 : 3.57 : 1.11 : : 1.143 : " I. ~7 : 1.58 : I 8.l3b : 3.73 : 1.161 1.:-



• •
C~r·:r.,J:~~~:)l 3ult!~'1 )f C·Jilitib.:e!lts ~lHec:e.j in it Lu;t Qn~ Snole Frel 'Ci~OP :3rJund ~ater C!'H!lic!1 ~ild!'i;i5 (I-;ill.

•
a:- il.ln-:3 IB~.5:

Dat! : ?arneter :1-5 :H : l-i : HC : 2-$ ::-v : ;-1 : FC : 3-; :;-0 : ~-I : HC :1-5 :1-0 : 4-1 : 4-?C 5-1 : HC
----------------------------------------------------. ---------: ---------: -------.-: ---------: ---------: ---------; --------: --- ....----: ---------: ...--------: ---------: ---------: ------_ ...-: -..-..--_ ..-: ---------: ---------: ---------

~-'

£.

Jan-:6 ~ "angan.se. Tau!
J,,-;; : ~e"ury. Total
Jan-~o r "'~~'11pl\' Chlcri~e

Jan-;I : ~ickel. Total
lan-Bi> : PCB 1,'=
Jan-a6 : PCB 12.a
lan-a6 : PCB 1,54
Jan-B. : PCB 1261
lan-B6 : Silver, Total
lan-a6 : Tetrachlorelhene
Jan-ail : TCC
Jan-B6 : Toleene
lan-Sil : Trani I,I-Dithlo"elhene
J.n-36 : Trichloraethen,
Jan-Sil : line, Tolal
Apr-a6 : I,I,I-Trichloroethane
Apr-Bil : I.I-Dichloroelhane
Apr-Bil ; I, I-Diehl oroethene
Apr-a6 : Arsenic, Tolal
~pr-a6 : Bennn!
Apr-;il ; 9i112ethylhteyllPhlhalate
A~r-B6 : Cadliul, Total
Aor-Bi> : Chloroforl
Apr-ail: Chroliul, Tolal
Apr-B6 : Cis 1,2-Dicnloro.lhene(ethyll
Apr-B6 : Copper, lola I
Apr-B6 ; Elhylb.nlfne
Apr-96 : lead, Tolal
Apr-ail : "anganne, Tolal
Aor-Bil : "ercury, Tolal
Apr-ail: "ethyl..e Chloride
Apr-a6 : Nielel, Toial
Apr-Bil : PCB 1242
~pr-96 ; PCB ma
Apr-ail : PCB 1m
~pr-B6 : pca ml
Apr-B. : ;il.er, Tolal
Apr-a6 ; Tetrachlorelhene
Apr -B'il : TCC
Apr-Bil : Toluene
Aor-B6 : Tran. l,I-OlChloroethe.e
Aor-Sb : Tri::hlllrol!t~e;',

~pr·a6 : Ii:'!c, lotil
!(o't'·S·' : 1.1.i-TricnlDroft~.nl!

Nov-:; : l.l-Oichloro.tha.e
~,)t-36 : ! I I-Dici'lI~nl!tiler.e

~o,,-3o ~ :-9utinCfl'
~0.-3; : ~l\alinil,

~o ... -3b ~ ~r51i!I'\ic. Dis;.
l't~1-S~ ~ne1ic. let!!
N01-3b : BiriUI. Dis;

8.m:: 8.m
1.115 :< '.a~5

8.m:< a.u:
uta:: I.a:a

" ... I 211loJ", •

: < UIS:< 8.m
: :

U31: UAI

:.
: :
: :

I ' :
:< U8S:< 1.185 < U85 : :( U8S :< a.m :< a.m :: 8.m:( I.m:< I.m: : 8.m
:< 8.115:< 8.m < I.m: :< UI5 :( 1.115 '( I.m :< 1.18: :, I.n: :( I.m: : I.m:
:( 1.115:< a.m < I.m: .. I.m" 1.195" a.m : ~ I.m :.: I.m:< 1.115: : I.m
:< I.m :< 1.111 ( 1.1:1 : : 1.111 :: Ull :, UII ,. I.m .; I.m :: 1.111 : : I.m:

::. : 5Cl~ ; 2Bi : : 9.5 : lal. : la, i ~, : :12 : 2~a : : 2"
:< I.m :: UIS : ( I.m: I.m:' 1.115:: UI~ " I.m 1.11S :/ I.m: " 8.IIS

.. I.m: : : :
I.In : . '.!a~ : 8,171 : : I. ,~! : I.m : I.I;A : e.I:A 1.1:. : 1.11\ : : 1.1':

I.



• •
(;r0n.,::;iol :ullan )f CCj\;:~h:!r,:; :!t=::t!~ :!'l ~t L!:lst C:,,! SaJ;i~ Fr~.~!~DP 3r;,un:: ~atu Chui:a: ~nahsis i,~i!!.

•
l:-j,.-:9 1~3~.:2 ~~:

Date : PH!.e:!r : H :H :H : HC : 2-S ::-0 : :-1 : z-;c 1 .. -:1 : 1-) : 3-[ : J-?C : 4-5 :H :H : HC :5-: : 5-/e
----------------------------------------------------: -----..---: ---------: ---------: ---------: --------.: ---------: ---------: ---------: ---------: ---------: ---------: ---------: ---------: ---- ... ---- :---------: ---~-----: ------- _..
He.-;I : ilriul. letil" : : : : : : : : : I.m:
~v'i-3b : aero:en! : ( I.m:( I.m: :( I.m:( UI5:( I.m: :( 1.115:( I.m:< 1,115: :< I.m :( 1.185:( '.185: :( I.m:

NQ't'-Sa : 9i5\:!:::'flhe(vl}Pht~.l!te. : : : : : : : : : : : : : : : : :
Hov-36 : Cidliul. Oiss. : (UBBl : UU4 : : um: Uelb : 8.1114 : : I.Im: um: um: : um: "'ali : 1.1881: : UUS:
Nov-Sa : C.d,iu., Total : : : : : : : : : 1.1114 :
Nov-3b : Calciul t Disi, : 111: 96.1 : : 91.5 : m: III : : 21.1.: lSi: 115 : : lU: 64.9 : 99.3 : I ql.4 :

Hov-96 : CI!eiul. Totll I : : : : : : : !, m: I I I : : I :;1

Noy-3D : Chloride : 19.5 : 31.1 : I 59.4 : 4.5 : 41.7 : I 59.7 I: 4.a : 22.6 : : 31.7 : 4.2 : 72.1 : : 75.6 I
Mo.-86 : Chloroforl I < 1.185 I( '.115: I( 1.185:< 8.185:< 1.115: :< 1.115:< 1.!'5:( I.m: 1< 1.115 I( un 1< 1.115 : :( 8.185:

Mov-,6 I Chroliu•• Din. : 1.115 : US: : 0 8.m: 1.113 I ...11 : : '.112 : I.m: I.m I : 1.112 : '.112 : 1.111 : :( 8.m I.
Ho.-96 : Chroliul. lohi : : : I : : : : : '.119 : : : I I I
Ho,-36 : Cis 1,2-Diehlorotth••• (,thyl) : ( I.m 1< 1.115: :< '.m:( '.115:( 1.115: :( 1.115: 8.29:< 1.115: :( 1.185:< 1.115:< 1.115: :( 1.115 I

Nov-86 : COPP". Din. : 1.114:< 1.11: : : 1.115 : ....9:( 1.111 I : I.m I UI: : 1.1.6 :
,

8.!S: : 1.119:( I.m I : I.n: :,
Mo.-86 I CoPP". Tohl : : : : : : : I : ...24 I

Hov-86 : Cjlnid. : ( '.111:< '.111 : 1< 8.111;< 8.111:( I.m: :( 1.111:( 1.111:< UU: :( I.m:< 8.11' I( 1.111 I :< UII;

Mov-96 : Ethylbf.nnf : < 1.115 I( 8.115: :< '.115:( 1.185:< 1.185: :( '.115 :( 8.115 I( 1.115: :( 1.115:( 1.115 I( '.115: :< 1.115 I
Mo.-86 : Lud, Din. : ( 1.881 :( I.U! I : 8.111 : 1.111:< 1.111: . un: I.m:( '.m: : 1.111 1< 1.111 :< 1.111 : :( US!:0

Mov-86 : lud. 10101 I : I : : I : : : '.171 I
( Noy-So : "lqnesiuI, Din. : 21.2 : 39.3 : : 45.' : 39.6 : 51.6 : : 11.7 : 31.1 : 13.5 : : 51.9 : 21.' : 49.4 : : 45.1 I

Mov-86 ~I.gln.s •• Diss. : 1.11 : '.191 : : 1.146 : I.m : 1.391 : : 1.812 : 1.14 : 1.116 : : U5~ : '.185 I 1.362 : : 1.211 I

Mo.-86 ftlnglnes •• lohl : , : : : , : : : 1.56 : : : ,
I : : :, , ,

Hov-96 ft.'e.rj, Diss. : ( 1.1114 :( UISI : :( UUI I( 8.1114 I( 1.1114 : :( a.m4 :< 1.1114 :( 1.1114 : :( a.!lS4 :< UIII :< ...114 : :( 1.1914:

Mo.-B6 ""e.rj. lohl : : : : : : I : :(1.1111 :
M,.-96 "fthjlo•• Chlorid. : 1.113:< 1.115: :( I.m:< I.m:( 8.11\: :< 1.115:( I.m:< 1.11\: :( 1.185:( 8.115:( I.m: :( 8.m I

Mo,-B6 Hichl o Din. : 8.189 : 1.111 : :( ....1 I 1.115 : 1.112 I : 1.117:< 1.111: 8.1S1 : :( UII: 1.119 :( '.111 : : 1.114 :
Mov-I6 Mick.l, lohl

, : : I I : : : I 8.1.9 : : : : : I : :,
Mov-96 Mi trltt-Hitrog.n : : : : 1.289 : 1.37 : : : 1.168 I 1.17 : : : 1.161 : 6.56 : : : Lib :
Mo,-86 PCB 1242
"0,-86 PCB 1248
Mov-B6 PCB 1254
Mov-96 PCI 1261
"ov-86 : Pohssiul, Din. 3.93 : 2.21 : 0 3.29 : 3.6q : 2.67 : : 36.8 : 3.8\ : 2.21 : I 2.62 : 2.79 : 2.43 I : 3.52 :0

Noy-eb : Seleniul, Din. < 1.115:< 1.8'\: :< 1.115:< 1.111:< 1.115 : II ••m:( 1.115:< I.m : :< 1.115:( 1.115:< 1.185 I :< 1.115:

ftov-i6 : S.l •• ;u., lohl : : : I : : : :11.185 : : : : : : : I

Mo.-96 : Silv", Din. 1.115 : 1.113 I : ....2 :( ....1 :< 8.111 : :( 1.111 :< ....1 :( 1.811 : II U8!:< ....1 :1 1.111 : :< I.m:

Mov-86 : Si1>". lohl : : I I : : : : UII:
i
'0 Mov-96 : Sodiul. Din. 14.3 : U, : I 12.9 : 5.99 : 6.16 : : J4.I : 7.B: : 4.ll: : 1.68 I II.' : n.' : : 11.2 I

Mo.-86 : Sui htts 17.5 : 129: : 96.1 I ~6. 3 : 184 : : m: 97.1 : 2'~ : : m: 4'.2 : 119 : : 95.9 :

NOlJ-Bb : T!tr.ci1lor!t~fne ( 1.185;< I.m: :( 1.115:( 1.185 :< 1.181 : :1 U@I:( I.m:( I.m: :~ 1.115:( 1.115:( I.m : :1 I.m:
: Hcv-96 : ICC I : : I : : : : I : : : : : : :

fto,-86 : Tol•••• ( 1.115:< 1.115: :< I.m :( UI~ :< 1.115 : :( l.m:1 l.m:1 1.185: 1< I.m:< 1.115 :'( I.II~ : :( I.m:

NC'w'·eb : Trans 1,2-Dichloro.~he"r ( 1.115:( I.m: :< I. US :( 1.115:( a.m I :( I.m: 1.:0 :< 8.115: 1< a.m:( 1.185:( '.m : : ~ I.m:

ftov-36 : Iriehlcrc.th.n. ( 8.115:1 '.~i~ : :< I.m: 8.m: 1.8102 : I l.m3 : 8.B3 : I.at~ : :{ 1.115:' I.I~? :( I.m: :( I.m:

NJ .... -Bb : Trichlorof luorOlethlne 1< '.115:< '.115: :( I.m:( '.185 :1 1.115 : : um :: '.m:1 '.m: :( I.n~ :{ 1.115:: '.115: :( I.!I~ :

Mo,-go : li.e, Diss. I I.in: 1.25 I 1.168 : 1.951 : 1.,.1 : :t I.n: a.::l : I. ~4~ : : I. :~] : '.~J' : 1.19: : : I.m:

~by-aQ : linc, Tot~1 : : I : I : : : : L~2 : : I : : : :
J.1n-39 : 1,!.1-Tri(tlIJ!']!~~.nf : I I.m:( 1.115 : I.m :~ I.m :< '.m :( 8.m :( I.m :( I.m:( I.21~ :, I.m :, l.al5 :< I.m :: 1.115 I( 8.m: UI5 :1 I.m: 1.:97:( ua:

hn-i3 : I, 1-~,:h:"o.t'I" : : ( I.m:< I.m: 1.215 :; I.ISS :( 1.185 :( I.m 1< I.m:; l.aI~ :( I.m:< I.m: I.m' :( '.115 :{ I.m:( 1.115 I.!I~ :< I.m: 1.116 : ( I.m:

Ja.-l1 : l.t-Dichloroot'••• : ( I.m:( I.m: I.m :\ i.1aS :( '.lal :' I.m I( i.1I5 :! 1.111:( UI~:: I.m :J 1.21: I( 1.115 :( 8.m 1< 1.115 I.m I.ll~ : '.1lI :1 U!'

J.n-aa : SUiUI, OiS5. : I.a. : I.W: 1.256 : 1.1:2 ; I. :1. : I.m: ,. =J~ : 1.1> : 1.14, : I.ill : 1.1: : I.!~ : l.h3 : I. ~ I: e. t ~ I.m: 1.11: : I.li:

Ji,,-39 : B!nl~nt : I '.m:1 l.m:1 I.!I~ :( 1.115:( I.ISS:( I.m:( I.m:( i.ISI:< 8.m:< i.m :, 1. U~ :~ un :, I.m:t I.m l o l.m I.W:( UI~:' ua;'
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• •
C~r':'l'iJ~':·ii:.i1 ;un~n of ':o.1stit·~c!l:; Jet?c:~·j 1:; ~t Least ~ni! Si1D!~ ;rCI 'H;CP ;r::Jj\j iiti!r ene-Hea! ~flai'iH~ (tgll;.

•
1:-je'-,3 1J32. ~ 2 ~ ,;:

Ddt£! : ~lra.e~e:" ~-; H ~ i -J H H : 7-0 :3-3 :H : q-i :H : te-~ : IJ-3 : !1-~ ~ !1·; : 12-) : 12-3 : Ij-~ : H-3
------------------------------_._------------------_. ----_.-_. ------_.- -------.-: ---------, ---------: ---------: ---------: _.----_.- ,---------: ---------: ---------: ---------: --_.. ----: ---------: --------- ------_.-: -_.. __...
Oct-33 : 1.1.l-ir c~lcrJtt;,a"e : < Ul! : : i.m:
Dct-93 : 1.1-~ic:t orJet:ila:\1 :: 8.m: :( I.m:
Oc~-3: : 1,1-Oic;, :Ir':!~~l!:le : < i.m; :( 8.m:
Oct-93 I ArSi:1io:. Total : : : : : : : : : : : : ':
Oct-a; Beorene : ( Uti: :P I.m:
OcH~ 9i3;2et~'!'..vIIPht~alate
Oct-33 Cadliul, Total : '.ms: : '.186: :
Oct-a~ Chloroloro : < I.m: :( 8.m:
OcH~ Chroliul, Total : I.m: : l.iII :
OcH~ Ci. I, 2-Dichloroethene'ethy II

, : : :,
Oct-!: C~pper. Total : I.ala : : I.m:
Oct-S3 EthyI benlOne : ( I.m: :( 1.111:
OcH~ Lead, Total : 1.119 : : 1.141 :
Ocl-S:; "ingane.e, Total : 2.74 : : 6.54 :
Oc1-83 ""rcury, Toti!
Oc1-83 "eth,lene Chloride : ( 1.111: :< 1.111:
Oct-l3 Nickel, Total : . : :
Oet-l~ PCB 1242 : <U881 : :< 1.IUl :
Od-S3 : PC! 12Ia : ( UUI : :( UUl :
Oe H:; : PCB 1254 : (Um: :( 1.1181 :
Oe 1-93 : PCB 121. : ( I.IUl : :( Uetl :
Oc1-9~ : Silver, Total : < '.taI : :< I.U! :
Oet-a3 : Tetrach!orethene : < 1.11': :P I.m:
Oct-S: : TOC : 649.1 : : 27.6 :
Oet-S3 : Toluene : < 1.111 : :< 1.11.:
Oct-S3 : Trlns I,I-Dichloroethene : < 1.118: : 1.141:
Oet-a~ : Triehloroethene : < 1.111: : I.S :
OeH3 : linc, Total : 1.116 : : 7.37 : : : : : : : : : : : : : : :
Apr-S4 : I,I,I-Trich(oroethine : < 1.111: : 1.198 :
Apr-S4 : I, I-Diehl oroethane : < I.m: :( 1.111:
Apr-e4 : I,I-Diehloroethene : < 1.111: :( 1.111:
Apr-a4 : Arsenic, Total : ( 1.115: :( 1.115:
Apr-S4 : BenlOne : < 1.111: :( 1.11':
Apr-a4 : Bi.12eth,lhu,IIPhthihte : 1.116 :

, 1.22 :.
Apr-S4 : Cadliul. Total : 1.1817: : 1.1117 : : : : : : : : : : : : : : : :
Apr-a4 : Chlorolorl : < 1.111: :< I.m:

1...• Apr-e4 : Chroliul, Total : 1.110 : : '.821 :
Aor-a4 : Cis 1.2-Dichloroetheneleth,1l : ( 1.11': : '.15 :
Apr-BI : Copper, Total : '.819 : : 1.123 :
Apr-a4 : Eth,lbenlOne : ( I.m: :( '.m:
Apr-a4 : lead, Total : i.aeS : : 1.112 :

,Apr-a4 : "anganese, Total
Apr-S4 : "ercury, Totil : (um : : I.m~ :
Apr-S4 : "ethylene Chlorde : ( I:m: :< I.m:..~ '" .. 'Apr-a4 : Nickel, Tot.1 : 1.1:3 : : I.m :
oor-34 : PCB 1m : ( usa: : :( 8.181::
~pr-34 : pca IllS : ~ i.m:: :,um:
ow34 : PCB W4 : (i.m:: :( 1.lm:
oor-l4 : PCl 1:61 :(I.m:: I'. um ;'
Aor-ai : Sil'ier. Tot.1 : ( 1.l1! : :< ual : ; ;/

Apr·34 : htrlcnll)r,t.~tnf .: < I.m: : 1.111



• •
Chr;jj~O:Jqi:~l juua~'( 'Ji C::ls~it'.ler1t; ~I!h'::~oj ~n Jt lHit Cne ialple ~r·~. ~IRO? '3rolJM ~l~;r C;,e,inl ~r:a!''';~: (I,~n;.

•
a:-J,·,-;3 1j::. ~: i ~:

Oa:! : Paru!te r : 5-5 : 5-u : )-3 :0-0 1-: :H : 3-3 :H : ~.; ;'-) : IN : 11-5 : lH : 11-3 : lH : lH : n-" : 13-;
--------------------------------------_._-----------: .--.-----; ---------: .--.-- ---: --------.: ---------: ---------: ---------: --.------: ---------: .'--------: ---------: ---------: --_.- .._-: ---------: ---------: --_...._---: ---------:

I.US : (,I.m
I.m: l.a2:
3.a6 : I. 46

: : : : : : : : :
I.m: 1.1:1

: (I.m:: '1.lm:

!.

Apr-a~ : TOC
Aar-Sl : Toluono
~Dr-a. : Tnns 111-~i'hloroethene

Apr-H : Trichloroet~er.e

Apr-S~ : line, Toul
Oct-a4 : 1,1,I-rrichloro.t~.no

Od-B~ : I,I-uichlorooth.no
Oct-34 : 1,I-Oichl~roothono

Oct-B4 : Arsonic, Tohl
Oct-B4 : hnleno
Od-B4 : BioI2.thylhe<yIIPhth.hto
Oct-B4 : C.o.iu., Tohl
Oct-B4 : Chloroloro
Oct-B4 : Ch".iu., Toh1
Oct-B~ : Cio 1,2-0ichloro.th.nel.thyll
Oct-B~ : Cocotr, Totll
Oct-B~ : Ethylb.nun.
Oct-84 : LOla, Totll
Oct-a4 : ",ng,nn., Total
Oct-B4 : "trCUrl, 10101
Oct-B4 : ".tnyhn. Chlorid.
Oct-B4 "icl.l, lotll
Ocl-84 PCB. 1m
Oc t-B4 PC8 1248
Oct-84 PCB 1254
Oct-B4 PCB ml
Oct-84 Silver, lotal
Oct-94 IttrlChlortth.n.
Oct-B4 TOC
Oct-94 loluon.
Oct-B4 : I,,", 1,I-OichIoro.th.n.
Oct-94 : Irichloro.tlltn.
Oct-B4 : line, 10101
J.n-95 : 1,I,t-lrichloro.th.n.
J.n-B5 : I,I-Oichloro.th.n.
J.n-85 : I,I-Oichlorotth.n.
J.n-B5 : ~r"",ic, Totol
Jin-85 : bnane
Jln-B5 : BisI2.Ihylh..yllPhth.hlt
Jln-15 : Cod.iu., loti!
Jon-95 : Chloroto,"
J.n-85 : ehro.iu., lotll
J.n-B5 : Cis t,2-0ichloro.th.no(.th,11
Jln-95 : Coooer, loti!
Jon-95 : Eth,lbenltn.
Jln-B5 : Luo, Iota;
Jln-3S : ~;ngan... , Totll
Jln-B5 : "ercury, .lotl1
J.n-9S : ~tth,I." Chlor:d.
hn-35 : rhciel, rot~l

Jan-9S : pe9 1:4:

13.5 :
( I.m:
( I.m:
( 1.111:

I.m:
. ( I.m:

( UII:
( I.m:

1.111:
1.111 :

:
1.11I :

:
; < 1.'11:
:
: < I.m:
, . 1.117 :

2.31 :

I.m:
:

UU4 :
: (U112 :
: ( '.1112 :
: (Um:
:
: ( 1.111:

: ( 1.11I:
: < I.m:
: ( I.m:

1.781 :
: ( '.il5:
: < UIS:
: < 1.115:,
": um:
: (Uml :
:
: < 1.115:

13.2 :
:( I.m:

a.t5 :
1.94 '
1.33

I.m
:P 1.111
:( I.IIB

:( 1.11I
1.115

:( I.m
:

1.117 :

:< 1.111 :
1.221 :
2.l7 :

1.171 :

I.Im:
:( I.am:
:<1.1012 :
:( UUl :
:

'.m:

:< '.11I:
'.17 :
'.B3 :
26.& :

< 1.115:
( '.185:
( 1.115:

I.m:
<I.mll

( B.m
: : : : :

:.



• •
cr,rcr,ol:gi':31 :UlliQ Jf C~ns~~tuejl:; J£!:~ce:1 :r. 11~ :'f:l;t Qr.e Salole F'rc. 'tl~~? iir:U:'I::I ·~~te~ CI'e.::ll ~nd!:(lHl! It;/!~.

•
I:-J,,-,9 1:;3:.:: :::

DHi! : Parueter , ..
, .1-;) :500 : o-S :H : 7-j :;.0 IS-: :H H : ~-D IH : la-5 : IH : 11-5 : Il-Q : 12-5 13-0 ::3-5

._-------------------_._-_._._--.------------_._._--: ---------: ---------: ---------: ---------: --.------: -------_.: --------.: ---------: ---------: ---------: ---------: ------_.-: ---------: ---------: ---------: ----------: ---------:

:.. '

hr,-9S : pC! 1Z48 i I.m: i un:
J.n-5S I pca m. I.m: iUm
J.n-3S : PC! !26a i a.m: i I.am
h,,-a5 : Sil,tr, Total
J.I1-;~ : htr!c:~~Jret~er.E : i UIS: :i 1.185:
J.o-3S : ree
J.n-3s : Toluene : i I.m: :i '.m:
J.n-3S : Traos 1.I-Diehloroethene Ii 1.815 I :( '.m:
J.n-9s : Triehloroeihene : i '.185 I :i 1.815:
J.n-8s : line. Total I I.m: : 2.11 :
J"n-8s 1.1.1-Ir ienl oroeih.ne : i 1.115 :i 1.115 : U.;:i 8.115 < 1.115 1.139 1.3~

J"n-85 I;l-Diehlorceth.ne : i I.m Ii I.m:i UIS 1< 1.115 i 1.185 i 1.115 I.m
J"n-8s I,I-Diehloroethene : < I.m 1< 8.115:< 1.185:< Uis < 1.185 ( 1.185 1.1192
Jun-85 Anenie. Total
Jun-95 Benzene : < 1.115:< I.m:( 1.115:< 1.115:< I.m :i UI! I :< UIS:
Jun-85 8i, f l.thy Ihe" IIPhth.l.te I I.nlb : 1.!IOb : ulm : '.am : '.UI9I :iUlm I :iI.mll :
Jun-85 C.dliul, Tot.1 : : : : : : : I :
Jun-95 Chloroforo I < 1.1.5:< UIs:i 1.115 :< '.m:< 1.185 1< 1.185 I :< 1.185 I
Jun-85 Chroliul. Tot.l : : I I :
Jun-95 Cis 1,2-Diehloroetheneleth,1l : : I : :
Jun-35 : Coooer, Tot.l : , : I : : . :,
Jun-95 • Eth,lbonlent : < 1.815:< '.m:< I.m:< un:< I.m :< 1.185: :i I.m:
Jun-35 Lead, Total : 1.122 : '.16b : 1.294 : 1.116: 1.119 : I. ~s4 : : 1.154 :
Jun-95 "ang.nese, Total : 4.1~ : 1.312 : 4.19 : Ubi : 21.51 : 11.8 : I 2.11 :
Jun-8s "ereury. Tota I
Jun-85 "eth/lone Chloride : < 1.185:< I.m:< '.815:< I.m:< '.185 I :< I.m: 1< '.185:
Jun-8s Nickel, lotal
Jun-95 PCB 1242 : < 1.1112 :< 1.1812 1< I.Im :< I.am 1< 1.1112 I :< UI12 : :<1.1812:
Jun-8s PC8 12.8 : < um :i 1.1812 :< 1.'812 :< 1.8812 :< 1.1882 : :<1.3812 : :< 1.8881:
Jun-5s PCB 1m : <1.1812 :< I.am 1< 1.1812 :< um Ii 1.1812 I I(UU2: :< '.1882 :
Jun-85 PC8 126. : <1.1882 :<1.1812 : < 1.1812 :<1.11I2 :< 1.1882 : :< 1.IU1 I :<uml
Jun-9s Silver, Total
Jun-35 : Tttrichlor!t~enl : < U8S:< I.m I 1.115:< UIs:i I.m: : U.i: : 1.22 :
Jun-95 : TDC : : I I I : : : : :
J"n-8s : loluene 1< 1.115:< UI5:< I.m:< 1.115:< I.m : :< UIs: :i' I.als :
Jun-95 : Trans I.I-Die~loroethene I < 1.115 1< 1.115 I I.m :i 1.185 I( 1.185: : 1.19 : : I.le :

~
Jun-95 : Irlehloro.ihone : < UIS:< UIS: I.bl : 1.110 : '.15 : : 4.a: : 3.2 I
Jun-95 I line. Total : 1.419 : U2 I 3.4! : 2.31 : l.lb : : l.BI : : l.1I :
J.n-5b I I.I.I-Iriehlorceth.r.e : I : : : I.am: : : : B. ~9 :

'~- Jan-So : 1,1·jii:hlorce~~a!",! I : I I 1< I.m I : : 1.1;1 :
J.n-36 I 1, I-Diehlc':etht,e I I : : :( a.m: I : um:
J.n-96 I Qrsenie, Tot.l
J.n-86 : 3enzene : I I : :< ua~ : : : :( I.ae5:
J.n-36 I 8is\2ethylhe"IIPhth.l.te
Jan-H : Ci'~UUI, Total
Jan-lb I Chi :rofori : : I : .. a.m: I : : ( 1.11:
Jan-36 : C,'r·~.iu., TJ~JI

J.n-36 : Cis 1.2·0icnl~ro!~he"elet~wl!

J.n-5b : Co~o." Total
Jan-9,; : E~~tl::el1:!rH! 8.m I.m:
Jan-3~ : LU1. Tlltal I. :17 : : 1.1;; :

< 1.185: :< 1.815
< '.m: :< 1.185:
< Uls: :< 1.115:

: :
1< 1.115 I l< 1,.,5:
: 8.11133: I 1.11881 :

I
:( U15: 1< 1.115:

: I I
I : :

I( I.m: 1< I.m I
I.II~ : : '.'t.1 :
8.H: : UI :

: ,,
1< 1.115: 1< 1.815:
: I :
:< 1.1812 : :< 1.1812 :
:< '.am: :< l.m2 :
:< U8Il : 1< 1.lm :
: < 1.1112 I :< 1.118::
: : I I
1< l.al5 I :< 1.115:

: I
:< UI~: :< I.m:

1.115 I : 1.1:6 :
1.15 : I.a:! :
U8 : : 1.47 :

:i I.m: :< I.IS::
I( 1.115: :< I.m:
:< 3.m: :( UI~: . '

: :
II 1.!l5: :< I.m:

: :
: :

:< I.m: :< 8.m:
:

:
:

:1 I.n~ : :~ I.m
'.111 :. : 1.1:1 :
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C;-r:~,::::r~i'il SUUi ... ·' :t ·::iist:::.:e",t5 ~e:~·::~,j in at Lei~t eil' ;,l1clc ;r~. ;H~GF 3rJurtQ ~~::r ~he .. i,:a: ~~~oh;e; i,~:'lj.

•
a:.-}'!1'l-j3 1:::.5: I;:

Da:e : Plrnet~r : 1£-0 : 1.-5 :11-3 :11-5 : li-S : 19-5 : !~-') : :~-; 1:1-; : 11-5 : ~3-S : :t-; : lH : ~r-l I·r.", . - : F~C:3

s-o;~

SE'Ei.
OUrmL

: HORrH

srC~:t

SE4ER
our,;LL

: "ur,

.,.. \..

\.

.. ... ... . .: :-----.-.-: -------.-: ---------: -------. .:: ---------: ---------: --------.: ---------: ---------: .-----.- -: ------.--: -.-------: ------ .;--: ---------l---------: ------.-.: ---------:

act-a: : 1.LI-Tric~lcr~!t~aile
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Aor-34 : ?C9 1m
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Apr-g. : Si !ver, Total
Agr·gf : h~rac'loret'en!
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J.n-5\ : H.ng.n.... Totil
J.n-3b : K.rcury, Tot.l
J.n-9b I ~.th,l.ne ChIorid.
l.n-3b : Nick.l, Totol
J.n-5b I PCB 1242
J.n-Bb : PCB 1248
J.n-B6 : PCB 1254
J.n-56 : PCB ml
J.n-56 : SiIv.r, Total
J.n-B6 J htrachlorethen.
J.n-36 : TOC
J.n-B6 : Tolu.n.
J.n-Bb : Trans I,I-Dichloroethen.
Jan-8b Trichloroeth.n.
J.n-5b line I Total
Apr-Bb I.I,I-Trichloro.th.ne
Apr-Bb l.l-Dichloroeth.ne
Apr-a6 I.I-Dichloro.th.ne
Apr-B6 Arsenic, Total
Apr-ab Benzene
Apr-5b Bi s (:.thy Ihuy IIPhth.l.te
Apr-Bb C.dliul. Total
Apr-Bb Chlorotoro
Apr-B6 Chr'liUI, Total
Apr-a6 Cis 1.2-Dichloroethene(ethyl)
Apr-Bb • Co~per, Total
Apr-Sb Ethylbenzen.
Apr-Bb Lead. Total
Apr-Sb H,ng.nne, Total
Apr-Bb Hercury. Total
Apr-Bb Hethylene Chloride
Apr-Bb Nickel, Total
Apr-Sb PCS 1242
Apr-Bb PCB !Z4B
Apr-Sb PCI 1254
Apr-Sb PCB 1261
Apr-ab • Si:,.r. Tot.:
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No.,.·9::1 : 1.1·DicJ'11-)r:ethlnE'
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No,-3b : ~I~alinitv

Nc~·:b : ~rs~ic, Oi;;.
~o...,·36 : Ar'i~nic. Total
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8.115:( 1.115:( UI5:( 1.115:< Ue5:< UI5:< US5
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: : : : : :
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APPENDIX B

ALPHABETICAL SUMMARY OF CONSTITUENTS DETEClED

IN AT LEAST ONE SAMPLE FROM NlROP

GROUND WATER. ANALYSES



• •
~,:~~aci!tfCJl :'JII:1r', ot ~:i'I;tituef1ti D!~~ct~~ in a~ Lust Oni :alo!i :~:. ~IF.Ot' 5r~und ~ati?!" C~nical ':n~:,'ses j.Qil~.

•
I:-),,-,a 1~:':. ~ = . ~:

Oat! : PH3te~i!r : 1-5 : l~a : 1-1 : I-PC ; 2-i : 2-Q : 2-[ : 2-PC : 3-, : :-Q : ~-[ : 3-?e : 4-; : ~-J : 4-! 4-?C 5-I : 5-F'C
------------------------.--------------------_....._--: ---------: ------.. --: -----.---: ---------: ---------: -------..-: ---------: ---------: ---------: --------- _._------: ---------: ---------: --------- --------- --- ..---..-: .---..----:
Oc:-3: : !.:.Hricoloroothone : < UU:< 8.m: :< I.m:< I.m:< 1.111: :< I.au:< I.3U:< I.m : :< 8.m:< I.IU:< U18: < I.m
~or-31 : I.l.l-lricnlorottnone : < I.IU:< 1.111: :< 1.111:< I.m:< 1.118: :< 1.111:< UII:< 1.118: :< 1.1lI:< I.m:< 1.111:
OcH4 : I.Ll-lricnloroetnane : ( UlI:< 1.111: :< 8.III:P 1.311:< 1.111: 1< I.m:< 1.111:< 1.118: :< UII:P 1.118:< 1.818 :
lan-35 : 1.I.Hricnlmeth.ne : < I.I~5 1< 1.185 I :< I.m IP 1.185:< I.m: :< I.m:< I.m:< I.m: :< 1.185:< I.m:< 8.185 I
l.n-a5 : 1.I,l-lrichlomtnaoe : < U85:< I.m: :< I.m: I.ma:< I.m : 1< 1.1i5 1< UIS:< l.alS: :< I.m:< 1.185:< I.m: :< 1.115:
Jan-3b : 1,1.1-Trichl!Jrce~hjne : : : : : : : : : : :
Apr-B. I 1.I.Hric~loroethane : : : : : : : I : I .•
No,-a. I 1,1.l-lricMoroethane : < uas:< I.ees I 1< 1.115 1< 1.1151< I.IIS: 1< 1.1151< 1.115 :<.1.115 : :< I.m:( 1.1151<' I.m : :< I.IIS:
Jan-aS: l.l.HricMoroethlne I < 1.115:< I.IIS:<' UIS:< 1.115:< UIS 1< 1.115 1< ...15:< 1.115 1< 1.115:< 1.115:< 1.115:< I.m:< 1.811 :< 1.815:< 1.115 1< 1.185 I 1.297:< I.m
DcH3 : 1.l-Oic~loroeth,", I < 1.111 1<' 1.118 I 1< 1.111 1< 1.111 1< 1.118 I :<. 1.1:1: 1.117 1< 1.111 I :< I.m:< Uti 1< UII I :< 1.111 I
Apr-al : I,Hichloroethane I < 1.111 :< 1.111: :< I.m:< 1.111 1< I.UI: 1< 1.111: 1.126 1< 1.111: :< 1.811:< 1.111:< 1.111:
Oct-S. : I,Hichloroeth.nel < 1.111 1< I.m I :< I.m:< 1.111:<. I.UI: :< 1.111:< 1.111 1< 1.111 I :< 1.111:< 1.111:< 1.111 I
J.n-S5 : I.I-Oiciloroet~.ne : < UI5:< I.m: :< 1.115:< 1.115:< I.m I 1< I.U5 1< 1.815:<' 1.185: 1< 1.115:< UIS:< 1.8n:
lun-B5 I I.I-Oichloroethane I < 1.115 1< 1.115 I :< 1.115:< UIS 1< I.IIS I 1< I.ees:< 1.115 1< UIS I :< 1.115:< 1.115:< UIS: 1< I.IIS I
lan-a. : 1.I-Oich10roeth.ne
Aor-Bb I I, 1-Dichloroethane
No,-S. : l,Hichlorcet~.ne : <. 1.115:< 1.115: 1< 1.115:< 1.115:< 1.115: 1< 1.115:< 1.I1S:<. un: 1< UIS:< 1.115:< 1.115 I :< 1.115 :
lln-Ba : I,I-Dichloroethane : < 10115:< 1.115:< 10115:< 1.115 1< 1.115 1< 1.115 1< 1.115:< 1.115 1< I.US 1< 1.115 I um:< 1.115 1< 1.115 1< UIS:< 1.115:< UIS I I.m:< 1.115;
Oc1-93 I I.I-Oichloroetnene I <. 1.111 1<' 1.111: 1< 1.111:< 1.111 1< 1.111: 1< 1.111:<. 1.111:< 1.111: :< UII:< 1.111:< 1.111 I :< 1.111:
Apr-a. : I:I-Oichloroethene : <. I.II1:i 1.111 I 1< 1.111:< 1.I1i1:< Ulil: :< 1.111 1< 1.111:< 1.111 I :< l.llil:< 1.111:< 1.111:
Oc1-3. : I,l-Oichloroethene I < 1.111 1< 1.111: 1< 1.111:< 1.lli1:< 1.111: :< 1.118 1< 1.111:< 1.1:1: :< iI.IlI:< 1.1111< I.m I
Jan-SS : I.I-Oichloroethene I < 1.115:< 1.185: :< I.m:< 1.115:< 1.115: 1< I.IIS 1< I.m:< 1.115: :< 1.115 1< 1.115 1< 1.115 :
Jun-BS : 1,Hichloroetnene : < 1.115:< 1.115 I :<. 1.815 :< 1.115:< I.IIS: :< 1.115:< 1.115:< 1.115: :< 1.115:< 1.115 1< I.m: :< 1.115
lan-3b : I.I-Dichloroethene
Aor-:. : I,l-;ichloroethene
No,-Bb : I.I-Oichloroethene I <. 1.115 1< 1.115 I 1< 1.115 1< 1.115:< 1.115: :< 1.115:< 1.115:< 1.185: :< 1.115:< 1.115:< 1.115: :< I.IIS
Jan-aa I I,I-Oichloroethene I < 1.115 1< 1.115 1< 1.115 1< 1.115:< 1.115:< 1.115:< un:< 1.115:< 1.115:< I.IIS:J un:< 1.115 1< un 1< 1.115:< UIS:< un: 1.11.:< I.m'
No,-3. I Nutanone I < 1.111:< 1.111 I 1< 1.111:< ...11 1< 1.111 I I 1.111:< 1.111:< 1.111 : :< 1.118 :< 1.111:< 1.111: :< ...11:
No,-a. : Alkalinity : m 1m: 1m: m : 2B. : : S.5 : 4S1 : 312 : : m : 242 : 259 I : 23: I
No,-Bb I Amnic, Diu. I <. 1.185:< 1.115 I :< 1.115 1< 1.115:< 1.115 I 1< 1.115 1< 1.185:<' 1.115 I :< 1.185 1< I.IIS 1< I.IIS I 1< 1.115:
Oct-9~ : Arsenic, lohl :: ::::::::::::
Ppr-S! : Amnic. TDtal : UIS:< I.m: 1< I.m 1< ...15 1< 1.115 I 1< 1.115:< 1.115:< 1.115 I :< 1.115:< 1.115:< 1.115 I
Oct-S! I Arsenic, Total
l.n-35 I Arsenic, Total
J.n-a5 : Arsenic. Total
lan-Bb I Arsenic. Total
Aor-3. I Arsenic, Tota!
~o'l-Bb : ArSlnic, lohl :: l : : : : : :< I.B85:
No,-B. I Sariul. Din I I.ISI: 1.141: I 1.119: I.m: 1.175 I I 1.85!: U.S: 1.174: I 1.131: usa: 1.191: I 1.1';:
lan-Ba : Sari.l. Dm. : B.a.: 1.147: 1.250: 1.132: 1.lla I I.m: 1.132: 1.1.: 1.142: Ub': 1.l2 I 1.15: 1.1&:: 1.117: 1.15: I.lea: 1.1'::: 1.le:
No,-S. I 3ar'.I, Total : I : I : : : I : 1.laa:
Oct-S:: : lenzene I P 1.111: 1.122: : 1.I21:P I.m lP a.m : :< 1.111 IP I.m;~ I.m I I 1.114:< I.II1:P I.m : IP 1.1:1;
Aer-a4 : Benme I <. 1.1:1:< I.m: 1< 1••11:< 1.111:< I.m: It 1.111 1< '.Il!:< I.m: : 1.111:< UII:< I.m:
OiH4 I Senane : < 1.111:< I.m: :< 1.111:< 1.111:< I.m: :< I.m:<. 1.111:( 1.111 I 1< 1.111:< 1.1:1:< 1.111:
l.n-3S I Ben:e.e : PUI5:P I.m: :P 1.115 :P 1.115:< I.m I : I.I::::P iI.m:p UI~: :p l.lIS: 1.!1'.I:P I.m:
J~n-35 : Sen,,,e : < UII:< I.II~: " 1.115:< UIS:< 1.115: :<. 1.115:( I.m II I.m I 1< 1.115:< 1.115:< I.II~: :( 2.m:
Jan·~~ : Senze.,e
Aor-3\ : gen"n.
No,-36 : Be.ane : < 1.115:1 1.115: :<. l.l8::< I.m:<. 1.115: .:1 l.m:1 I.m:: 1.181: i :' Ua::1 1.115:< 1.115: :' UI~:

Jan-3S: Ben"ne 1< UII:< I.m I( I.m:<. 1.115:1 l.m:1 1.115:: I.m:< I.m:( l.m:1 I.m:: I.m:: I.m:< I.m:< I.m:< I.m:· I.m:( I.m:· t.m
act-B; : dt;\Zethtlhe<,IIPnt"l.t.

; 'l!1"1~ 'O::~ 1~~~':~e1IHi"l1 1~~~::~h" l:.:t ~":: ..~: =' 'i?~:-; ~"l!l.:, .. t t'J~ ~.I;,. ~.'?,:.:~" 11.i~: I p~~.c :"':""i':I!1~~ :a"b.· : H'''~ ~~':t1':_~ d' ~~ ~ ",-: - ... ~:I._. ~~'C • (7 A



• •
~I::;,\ib~ti~jl iut.U'1 Ji CCil;Ube~t; uete-:tej HI i~ L~B: Dne :aaole rrCI "'i~uP S~:'Jnd '.Her ':hetlcil ~ndl:05~l5 '1':I;'li.

•
a:-1un-29 l3~~. 52 : ~:

Dat~ : ?aruete,. : 1-5 1-0 11-1 I HC 12-; : L-~ : 1-1 : He : loS : 3-D : J-! I HC : 4-; : ~·O :1-1 : ~-;:C :5-1 : HC
..._------------.----- ---_...--------------------_.- --------.: --------.: ---------: ---------: ---------: ---------: ---------: ---------: --------- ~ ---------: ---------: ---------: ---------: .----- ---: ---------: ---------: -----_...
~Dr-34 : Bislleth',Jheo! '!Pht~aiate : U1S ( a.m: 1< I.m: 8.a84 I 1.184 I : a.m: 8.14 : l.a5S : : I. a~3 : UI8 : I.m:
Oet-84 : 9isi2t~h'lht<,liPhthalat' : I.m ( 8.m I :( UI1:( 8.a82 I 8.m : : U85 : 8.888 I 1.884 : : 8.m: 8.m: 8.114 :
Jan-35 : 9is(l,thylh,c,IIPhthalat, : (8.liW (i.m81: I Uim :(UIIU I(U888t I :<I.mll :(Uml :<8.mll : :(I.aaBll :tUlm :<1.8888: I
Jun-65 : 3tsi2tth·l1ht<yIJPhth.la:o :< I.m < 8.185 : :(UIUII um: 8.m: : :<1.81111 : 1.lm : 8.1149 I : 1.l813 : 1.1147 : 8.ml: : 8.lm:
J.n-3. : 9i,(2.:h,lh"yl !Phthalat.
Apr-S' : 9tsll.thylh",IIPhth.la!.
No,-S. : 9is(1.thylh"yl !Phth.lat.
No,-3' : Cadliul, Din. : < 8.letI : 1.1884 : 1.1889 : 1.lil8' : 8.lII4 : 1.1115: UIIJ: UII4 : : 1.8115: 1.1116 : 8.1182 : : 8.1815 :
Oet-S3 : Codliul, Tolal I 8.1885 I 1.1801

, U814 : 1.8at1 : 8.8831 : 1.1814 : 8.117. I um: : 8.8m I I.Im: 8.1829 : : 1.1114 I,
Apr-B4 : Cadliul. Tot.l : 8.lm: 8.am : U817 : 8.1141 : 8.8814 : 8.8832 : UI18 I 1.8844 : I 8.8892 : Ui21 : 1.8815 :
Oet-B4 : Cadliul, Total
J.n-B5 : C.dliul, Total
Jun-B~ Cadli.l, Total
J.n-B. C.dliul, Total
Apr-B. Cadliul, Total
Ho,-B6 C.dliul, Total : : . : : : : UI14,
Ho.-86 Caleiul, Din. : III : 86.1

, BI.5 : Ib9 : III : 11.1 : 157 I 115 : : IU I 64.9 : 99.1 I : 91.4,
Ho,-S. Calei.l, Total : : : : I I : 1.9
Ho'-S. Chlorid. : 19.5 : 11.9 : 58.4 : 4.5 : 41.7 : ~U : 4.8 : 21 .• : : 11.7 : 1.2 : 72.6 : : 75 .•
Oet-Bl Chlorotorl : < 1.111:< 1.818 :< 1.111 IP 1.111:< 8.111 :P 8.118:< UII:< I.m: IP UII IP 1.111:< 1.818 I 1< 1.111
Apr-B4 Chloroforl : ( 1.118: < 1.111 1< I.m:< 1.111 I( 8.m I( 1.118:< 1.111 1< UII I :< 8.118: < I.all 1< 1.118:
Oet-34 Chlorotoro : < I.m:< 1.818 :< 1.111:< 1.111 i< 8.811 :< 1.818:< 1.111:< 1.118: 1< I.m 1< 1.818:< 1.111 I
Jan-S5 Chloroforl : < •• 185 1< un :< 8.115:< 1.115:< 1.115 :< 8.185:< •• 185 1< U85: :( 1.115 1< 8.115:< 1.815:
Jun-85 Chloroforl : 1.1114 : 8.lm Ie 8.l8~:< 1.185 1< 8.115 :< 8.115: < 1.185: < 1.185 : :< 1.185:< 8.185:< 8.185: 1<· UI5
Jan-3. : Chloroforo
Apr-B. : ChI oro fori
Ho,-86 : Chloroforo : < 1.115:< 8.185 I :< 1.185:< 1.115:< U85: :< 8.815:< 1.315:< 8.185: :< 8.115 1< 1.115:< 8.815: :< 1••15:
Jan-SB : Chloroforl : < 1.115 1< 8.185:< 8.185:< 1.185:< l.il5 1< ...15:< 8.185 1< 8.115:< 8.185:< 1.885:< 8.815 1< 1.115:< 1.185:< 1••11:< 1.185:< 1.185:< 8.185:< 1.115 I
Ho,-8. : Chroliul, Din. I 1.185 : 1.882 : : UIZ: I.m: UII: : 1.112 : I.m: 1.111 : : I.m: 8.112 : 1.111 : :< 1.111:
Oct-Bl : Chroliul, Total

, 1.117 : 1.81: : : 1.811 I I.m: 8.814 : : 8.187 I 1.121 : 1.18B : : I.m: 1.111 : 1.115 I : I.m I,
Apr-B4 : ChroliUI, Total , 1.111 : 1.184 I I 1.114 : 1.129 : 1.185 : : 1.180 : 1.111 : 8.125 : : 1.119 : I.m: 1.18B :,
Oet-B4 I Chroliul, Total
Jan-B~ : Chroliul, Total
Jun-95 : Chroliul, Total
Jan-e. : ChroliUI, Total
Apr-B. : Chrcliul, Total
Ho,-B. : Chroliul, Total : : I : I : : : : 1.189 :

:., Oct-91 : Cis 1,2-0iehlcro.th.n,(,thyl) : : I I : : : : : :
Apr-S4 : Cis 1,2-Diehloro.th.n.(.thyl) : < 1.118 1< 1.818: 1< 8.118:< I.m:< 8.m: 1< I.m I· I.m 1< 8.118: :< Utl:< 1.111:< 1.818 :
Oet-34 : Ci, 1,2-0iehloro.th.n.l.thyl) : < 1.11i:< I.m: 1< 1.118:< 1.111 Ie 1.11' I I 1.124 : 1.184:< i.m I :P 8.111:( 1.118:< 8.111:
Jan-S5 : Cis 1,2-0iehlorc.th.n,f,thyll
Jun-B5 : Cis l.l-Oiehloro,th.n.l.thyl)
Jan-B6 : Cis 1.2-Diehleretth.n.f.th,11
Apr-B. I Ci, 1,2-0ienloro.th.n.itlhyll : : : I : : :
Ne,-9. I Cis 1,1-Dichlere.th.n.!.ih,11 : < •. 115:( 1.185: :( 1.115:< 1.115 ( 8.m: " 1.115 : 1.:9:e 1.115 I 1< 1.195 :e 8.m :e '.195 : :( 8.185

.... : Jan-98 I Ci,-I.l-Diehl"otth,l.n. : < i.l8~:( 1.185:( 'I.m:e i.I'~:: '.lIS ( '.m:< I.m:t '.m: 1.:1 :( UI~ : i.7 :< UI~:e 1.185:: 1.l8~ I 1.1'2 :< 1.135 1.41:1 I.m
~D't-3b : CCGPer, ~is'i. : I.W:< UII: a.m: I. laB I a.I': : I UI: : I.m: 8.l1' : I 1.113 i,U' :~ 1.111 : I 1.l1:
ac:~33 : C~~ger. foul : u~! : I.m: : I.m : a.2H 1.1:11 : 1.111 : l.lS! : '.117 : UII U:7; U::: .,

U't
~pr-S! : C::Df', Total : Ull I I.l~. : I U4! : I.m 8.129 : : un : 1.1:1: ~.a5; : 1.1;1 8.14: ·1 I.I~, :
Oet-a4 : CeDCtr. Total
Jan-35 : CODDtr. Tetal

.~: .. = ~.' • .i:.::.:~ ';=l~:; ~11~~:.i,·.,,: '!.i~ ;~.~"': 0 .~!r,= :~:r-=~" ...,!l. ::.::. ~Il·~':~:,,, E.:~: r 'II~,,,: :~"t'l:7·,,~1 ::.-;:,: ; HI,j 1I=~:'~'~~ ,<:": ":I u.-=- ~r:.:', ~". : rrz
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~!oi\3betio~ :UHarl Jf C:M~i~'.Iel'lt; De~I!,=~ej ir; a: Least ~i\i1:u~l~ rr.:. ~!F:OP :r~l.:;\d 'Aat!!~ C~Ji?i:!1 ~no:!s~:: ftq,'! \,

•
~~,-Jo1'·3B ! ~:,:. ~:

DI:' : !'uHeter : H : !~O :H : He : 2-S :H : 2-! : =·~C : :s-; : 3·~ : 1-1 : ~.p~ 14-5 :1-0 14-1 : '-,'C : 5-( : HC
._----------------------------------------_._._-----: ---------: ---------: --------- :----.----: ---------: ---------: --- ------: ------_.-: --- .---.- ---------: --------- ---------: ---------: ------_.-: ---------: ---------: ------_.-
Jan-;~ : 5U..,er, Totai
Jun-55 : 5iher, Total
Jln-31 : Sil"er, Tolli
~gr-Bb : Si I'''' Toul
No,-Bb : Siber, Totll : : : I : : : : I.m:
No,-36 : Sod:uI, Di ... lU: 5.B5 I : 12.~ : 5.09 : U6 : : 3U; 7.3: : •. 31 : I 5.6a : 11.5 I ll.5 : : II.l I
No,-36 : Sui fat's 77.S : 129 1 : 96.1 : 50.3 I 18. I : m :; 97.3: 281 : : ll' : 45.2 : liS : : BS.9 :
Oct-33 : Totrac,loret'ene < &.aU:< I.m I :P I.ill:< 1.111:< 1.111: :< I.m:: UI7:< I.m: :< 1.111:< I.m 1< I.ill: :< 1.111:
Apr-a4 : Tetrichloret,ene < 1.111 :< 1.111 : 1< ·'.Ili:< 1.111 1< '.m: :< I.m :' '.m:< 1.11': :< I.m:< I.m:< 1.111
Oct-94 I Tetrac'loret,ene < 1.111 1< 1.111 I :< 1.111:< 1.111:< 1.111 I :< 8.I11:P '.m 1< 8.111: :< I.m:< 1.111:< UU
Jln-BS I htrichlorethene < 1.115:< 1.115: :< 1.115:< ...15:< 1.-815 : :< 1.1.5:< '.115:< I.m: :< 1.115:< 1.115:< U.S
Jun-35 : 1etrac,lorethene < 1.115:< 1.185:' 1< 1.115:< 1.115:< '.115 : :< '.m:< '.115:< '.m: :< UIS: < '.m:i ...IS: :< I.m
Jin-36 : Tetr4chlorethene : , : : : :,
Apr-Bo : Tetruhlorrt,ene : : : . I , :, ,
Nov-S6 : Tetrachlorethene : < 1.115 :< I.IIS I :< ""S 1< 1.115:< '.115: :< '.115:< '.m:< '.m: :< 1.115:< 1.115 1< 1.115: :< '.m
hn-BS : Tetrac'lorethrn. : < ....S:< I.m:< ....5:< '.115:< 1.115:< 1.115:< '.105 1< '.m :< 1.115:< I.m: I.m I '.mB:< '.115:< '.115:< '.115:< '.115: 1.141 :< 1.115:
Dcl-B3 : Tee I 22.S : 042.1 : I 51.9 : 57.1 : 4.9 : : IS.9 : 16.1 : 3.5 : : 6.b : 11.1 : 31.7 I : 2.~

Agr-B4 I Toe : 9.7 I 2.7 : : 9.9 :1 : 7•• : : 3.1 : 15.2 : I. 7 : I 3.2 : 9.1: 1.' :
Oct-B4 I Toe
hn-3S I Toe
Jun-95 : Toe
Jln-a6 : TOC
Agr·Bb : roc
Na,-3b : TDC
Oct-Bl : Toluene : P 1.11.: 1.112 : :< I.m:p ...1.:< '.ilI: :i 1.111:< 1.11.:< 1.111: :< 1.111:< 1.I1':P '.m: :< I.m.
Aor-B4 : Toluene : < 1.111:< '.m: 1< 1.111:< '.111:< '.111: :< 1.111:< '.m:< '.m: :< 1.11':< 1.111:< 1.111 I
Oct-B. I Toluen. : < I.Ill:P '.119: :P 1.111:< '.111:< I.m: :P 1.111 IP 1.111:< 1.111: :< I.II1:P I.II1:P 1.111:
lln-8S : Toluene : P ""S: 1.1199 : : 1.111 :P '.m:p 1.105 : : '.m :P I.m: '.1172 : I '.114 1< '.115: 1.1161 :
lun-BS : Toluene : < '.115:< I.IIS: :< 1.115 1< 1.185:< 1.115: :< 1.115:< 1.115 1< '.115 : : 1.Il65:< 1.115:< '.115 I : 1.114 :
Jln-Bb : Toluene
Apr-Bo : Toluene
No,-96 : Toluene :< 1.115:< I.m: :< 1.115:< '.m :< '.115: :< 1.115 1< 1.1151< 1.115: :< 1.115:< '.115 1< ...15 I :< '.115:
Jin-SB : ioluene : < I.IIS:< 1.115 1< U.S:< I.I.S:< UIS:< '.115 1< un:< ....S:< ...15:< ...15:< 1.115:< 1.115:< ....S:< '.115:< '.115:< '.115: I.IIS7:< 1.115:
lin-BS : Totil lyleneo : < 1.115:< '.115 1< '.115:< '.115 1< '.115:< 1.115:< I.m:i UI5:< I.m:< '.115:< l.lIS:< 1.115:< 1.115:< I.m:< U.S 1< '.m: 1.1:6 1< '.115 :
Oct-S3 : Trans 1.I-Dic'laroethene I < 1.111:< '.m: :< '.m:< 1.111:< 1.111 : :< 1.111: '.175:< 1.111: :< '.m:< ...:.:< 1.111: :< 1.111:
~pr-94 : Trans 1,1-~ichloroethene : < 1.111:< 1.111: :< I.m 1< I.m:< I.ill: :< '.m: I.m 1< I.m: 1< '.m 1< UII:i ...11 :
Oct-34 I Trins 1,I-Dichloroeth,ne : < 8.111:< '.m: :< 8.111:< 1.111:< '.1lI: :< '.m: I.IB4 :< 1.111 I :< '.111:< 1.111:< I.m:

i- lin-95 : Trans I,I-Dichloraethenr : < uIS:< 1.185: :< '.115:< '.m:e 1.l15 I :< '.m: '.11 :i 1.115 : :< UI5 1< I.m 1< I.m:
Jun-95 : Trans I.I-DichlorJethene : < 1.115:< '.115: :< '.115 1< UII:< un: :< I.m: '.197 :i 1.115 : :< I.m Ie 1.115:< 1.115 I :< ual:
hn-9b : Trans 1,1-~ichloroelhene

t. Apr-Sb : Trins 1,l-Dichloraethene
No,-8b : Trins 1,2-Dichloroethrne I < 1.115 1< '.m: :< I.m Ie '.m:< 1.115: " I.m: I.:q :{ I.m: 1< '.m:e I.m:< I.m: ;< 1.115:
Jln-9S I Trans 1,2-Dic'loroethe,e : < 1.185:< 1.115:< I.m:< '.m:i I.m 1< 1.115 ·:i I.m:i 1.l1::< 1.115:< I.m_:< I.m:< I.m 1< UI::< 3.11:: 1.12 :e U15;i I.m:e I.m;
Dct-83 : Trichloroethene : < 1.111 1< UI.: :< 1.111: 1.13;< I.m:- : 1.1\21 lB.l:? I.m I : USI :p. I.m Ie 1.111 ;- :( I.m
AOf·a. : Trichlor·::!t~e!le : < I.m:< '.m: :< I.m: 1.163 1< 1.111 : : 1.114 : 5.1 : I.I:~ : : UBI:e I.m:< 1.111:
Oct-g. : Tric,loroethene 1< U11:i I.m; : ~ I.m I 1.161 :p I.m : : 1.l:1 : I.:: : 1.11; : IP 1.1:1:< 1.1:1 :e 1.111 :
J.n·35 : rrl,~lcnetf'eile : ( 1.115:< 1.11:: :e I.m: I.m:p UI: I : '.11 i : I.;: I 1.31' : :P 1.115:< I.m :( I.m I
Jun·35 : Tn~hl~rcpthfnf : < l.m:e UII: Ie I.m: l.l6' : 1.121 : I uw: 1.>2: UII: :( I.m" I.m :( I.m: ., I.m:
J,,-3! : Tri:hloroethe,e
~Dr·3b : Trichll)rOf~~e"e

ND~-3b : TrichloroeH,lP!\P : ( I.m I'. I.m: :r. I.m: I.I~I ; 1.11':: : I.W: : Ul UI:: :~ Ul~ : '.111 :', 1.11: : : ~ I.m:

( .~~~~ "I)~ :1~~-:,:~!'" 'J'5i~!] ~l?~~,:~i:~ 1:':~ lJ~t"": ' '~~:':; , .. ~~~ •• : t·;~ -~\: .. ~c:'.~~~:~" 1:.:~: ! UJ",; ~ ... ~jl:t-:,,~~ £;':'11' ~ pl·: 1l:·:1;·~' .!I ,~: ~ u:-: -,-',:" t-:.", t AS



• • •
~:pr.~a~lC:i! 5ulun )f ~on;~i~~e!l~; ~ete,:~~= in H L!.i~: lJf\i! Sa-ole FrQI ~IPGP 'jrounl ~a:~r Chetiol ~~~lv:es il;;,l}. ~~-b,-l9 1~::. ~: t::

Dat: : Parat~tif :1-5 : 1-D :1-1 : I-PC 2-S : 2-0 :H : 2-?C : 3-; 13-1 : :-; : l-PC H IH : I-I : 1-,: : S-I : 5-IC

(

\.

--------------_.-._--- -.----------------.-----_._._-: ---------: ---------: ---------: ---------: ._----_.-: .--------: ---------: ---------: ------_.-: --------.: ------_.-: ---------: ._-------: ------_.-: ---------: ---------: ---------:
Jan-59: Tr ilorcett.fl1e : < U9~ 1< 1.195:< 8.195 1< 9.m: US : U31:< a.m: a.11 : i.l1 I 9.m.: 2.7:J a.u~: 9.m IJ 9.m I 9.11< 8.m 7:11( I.m:
"0'l-5Q : Tr t1lor~fluar,Jlet!'!ar'le : ( 9.IB5:< 9.m: 1< I.m:< 9.195:< I.m I : 1.J877:< 1.195:( a.m: :< 9.m:< U85 1< I.m I :< l.itS
Jan-38 : Tr ~lor;)fluorc.ethane :'< 9.195:< I.m:< 9.195:< I.m:< 9.135:< I.m:< I.m 1< I.m:< 1.195:< I.m:< 9.m:< I.m 1< 9.115:< l.aI5:< I.m:< I.m ( 8.115 ( I.m
Jao-39 : ~i.'fl Chl"i,Je : ( 9.11:< U11( UI:< 1.11 :< e.al :( 9.l1 :< 1.11 :< l.il :< UI:< UI 1< 8.91 : < 9.11 :< 8.111< Ull< Ul:( "'1 < 1.11 < I.J: !
No<-36 : Zinc, Din. : 1.133 : 1.Z5 : : 8.1b9 : U51 : I.m I : ( I.m I I.m: Ul2 : : I.m: 1.6:;1 : I.m: I U9.
Jan-,9 : linc. Din. : I.m I 1.62 : 1.129 : I.H 1< I.n: 1.571 : I.m I 1.96: I l.i33 : 1.762 : I.m I 1.;12 : 9.m I '.781 : 8.133 : 2.12 8.!99 I.a;
Oct-9:; : linc, Total

,
1.12 : 7.9~ : :< I.J5 : 3.99 I 2.91 I I( 1.15 : 3.6. : 3.26 : 1< 8.1~ : l.61 : l.I7 I I( I.J~.

Apr-a4 : linc, Total : 1.41 : 2.45 : I 1.394 I 1.75S : '.9n : : 1.41 I 1.54 : 7.69 : ,
1.1l : 1.14 I 3.13.

Oct-94 : linc, Total : l.69 : 4.7~ I : 1.31 : 3.14 : 1.409 : : '.743 : 3.39 : 1.951 : : '.125 : 6.21 : '.lq~

Jon-95 I linc, Total I '.546 : 9.25 : I 1.12 : U92 I 4.17 : I '.213 : 1.4. : 2.ll I I 1.696 I J.31 I 1.14
Jun-a5 : linc. Total : 1.156 : 2.54 : : 8.m : 3.57 : 1.17 : : 1.143 : 1.37 : U9 :

, I.m: 3.73 : 1.162 I : L~".
Jan-a6 I linc. Total
Apr-96 I linc. Total
Mo<-96 I linc. Total : : : I I : : : : 1.52

:=:==============';1====:=======================:::=======a==================='ll2============a========::u:::a:I:===============:===:1=====1::============:=:===:::1========:11:=======.========.::1=:1:====.=====.:=:=:_:1:=:_:••• :1=_•••,.:11===

~ '!i,'li .,~t ~IH~'=~i?·j J~£'1.~ ~~~~,:tiJn :It:~ ;kc_l'; :) '~I''i Jri!'5@r:t "Jt :!':o_ :~l!~~:t:,:." 1l.i~: : 'l;l~.,; i"~'JU:::l!''''~ HI:!::; 1 Iq"; ~;~:'1'~~ n:'l~: ~ ''!!~: ~~~t,?~. ;!~:. ( P:{



• •
Alcllaceh:al Sultan of ~c,'stiti.:ent; uerecad in at Least .On. ~i.cl~ Frot ,~If.uP SrOIJi10 ti~H ChnicJl ~na\'lse5 flgfl).

•
1:-l,n-l9 I:::.;, :::

Dati : Parale:e" : 5-, : 5-0 : 6-; :H : 7-'i :;-0 :3-1 : g-, : 1-5 :H :IH : !a-': : 11·~ :t1-5 : lZ-D :11-5 :13-0 : !l-S
____________________._.________________________ • ____ : --------- : ---------: ---------: ---------.: ._-------: -----.---: - --------: ---------: ---------: --------.: ---_.----: ---------: ._-----_.: ---_ .. - ---: ---------: ____ A_ea. ~ • ________

Oct-a: : l.l.l-iricnlcroethan. : < l.alI:
,

I.m:,
Aor-9~ : I,l.l-Tricnloroothan. : < Ula: : I.m:
Oct-91 : I, I. Hrich!oro.:hanp :< Ulil: : Uil:
Jan-9S I 1.1,I-Trichloro.thane : < UIS: :< UiS:
Jun-9S : l.t.l-Trichloroethane : < I.m:< UIS: I.m:< I.m:< 1.115: U3V: : l.lV : : :< UIS: :< I.m:
J.n-9b : I,l,l-Trichloroethane : : : : : I.ms: I : I.lV I : 1< I.m: :( I.m I
Apr-9b : I,I,I-Trichloroe:hane : :< 1.115: 1< 1.115: :< I.m :( I.m I :< I.m I I : I I 1< I.m: 1< I.m
.0.-9b : I.I.I-Trichloro,than, 1< 1.115:< 1.115 I I.n:< I.m I 1.8151 1< 1./85 1.119:< 1.115: 1.12 : uml :< I.!IS : :< I.m: 1< I.n~: 1< I.tal
J.n-33 : I,l,l-Trichloro,than, : < 1.115:< 1.115:< UIS 1< l.aIS:J I.m:< I.m 1.i1'2:< 1.115: US: 1.1i9b :< I.m:< 1.115:< 1.195:< I.m 1< 1.185:< I.m:< I.m:< 1.115
Oct-93 : 1.1-Oichloro,th.n, : < UII: 1< 1.111: I : : , : I : , : : ,, , ,
Apr-BI : l,t-Dichloro.than, : < 1.ltl: :< Ut.: I : : : : : I : : : . :
Oct-BI : I,I-Dichloroetha.e : < UII I :P UII: : : I : I I : : :
Jan-SS : I,I-Dichtoroethane : < 1.115: :< 1.115: I : : I : : I

, :,
Jun-3S : I.t-Oichloroetnan, : < I.m:< 1.115:< I.m 1< 1.115:< I.m: ,< I.m: : I.m: I :< I.m I 1< I.m:
Jan-9b : I,l-Dichloro,than, : , : : :< ...15: : : : Ubi : : :< U15: 1< U.S:,
Apr-Bb : I,I-Dichloro,thane : :< 1.115: :< 1.195 I :< 1.115: 1< 1.115 I :< I.m I : : : : 1< 1.115: :< I.m:

.o.-Bb : I,I-~ichloroethan, : < 1.115:< 1.115: I.m:< 1.115:< 1.115 1< I.IB5 I 1.1173:< 1.115 I 1.135:< 1.195 I :< UIS: 1< 1.115: :< 1.115 I :< 1.915:

Jan-B9 : J.I-Oichlorotlhan, : < 1.115:< 1.185 1< 1.115 1< I.m:< I.m:< 1.115 I I.m 1< 1.115 I 1.1Ia:< 1.135:< 1.115:< I.m:< 1.115:< 1.115:< I.m:< 1.115 1< 1.185:< I.m I
Oct-B::> : l,t-OicnlorJ,t~,n, : < Uti I :< Uti:
Apr-BI : 1,I-JicnlcrJeth.ne : < 1.111: : < 1.111 I
Oct-SI : I, !-Dichloroethene 1< 1.111: 1< 1.111:
lIn-SS : 1,I-OichlorJ,the'e : < 1.115 : :< 1.115 :
Jun-BS : I,t-Dichloro,:hene : < UI5:< ...15:< ...15:< 1.115:< UBS: :< 1.195: . I. am : : :< I.m: 1< I.m:,
Jan-3b : I,I-Dich!oro,th,.e : : I : 1< I.m I : : ,

1.1856 : : :< I.m: :< I.m:,
Apr-9b : I,I-Dichloroethene : 1< 1.115 I :< 1.115 : 1< 1.115: :< UB5: :< I.m: : : : : :< '."5: 1< 8.m:

.o.-Bb I I,I-Dichloroethen, : < 1.815:< I.IBS:< I.m 1< I.m:< I.IBS:< 1.135:< I.m 1< I.m 1< I.m 1< 8.195 : I( I.m I 1< I.m: :< 1.115: 1< l.a9~ :

lan-B8 : I,I-Dichloroethen. : < UIS:< ...15:< 1.115 1< I.IBS:< 1.115:< 8.i115:< 8.115 IJ UU:< I.IBS:< I.m:< I.m:< 8.m:< I.m:< I.m:< ...85 :< 1.115:< 1.115:< I.m :
.0.-8b : 2-Bulinone : < I.I!I:< I.m 1< I.m:< I.m:< I.m:< 1.111:< I.m:< 1.111:< 1.111:< 1.111: 1< I.It8 : :( I.m: 1< Uti: :< l.I:a

.0.·Sb : Alkalinity
, 491 : 38l : ml 2bI : m: 313: 1&9 : 2b7 : Ilb I l62 : I 1'3: : m: : 117: I 371 :.

"o.-Ib : Arsenic, Diu. : < 1.115:( I.m 1< 1.115 1< 1.185:< 1.115 :< 1.115:< 1.115 1< 1.115:< 1.115:< I.m I :< 1.115 : :< I.m I 1< 1.115: :< B.le~:

Oct-Bl : Arsenic, Tota!
Apr-SI : Arsenic, Total 1< 1.115 I :< 1.115 :
Oct-BI : Arsenic, Tota!
Jan-8S : Arsenic. Total
lun-BS : Arsenic, Total
Jan-3b : Arse.ic, Total
Apr-8b : Arsenic, Total
No.-Bb I Arsenic, Total : : : : I : : : I I.m:
"ov~96 : Baric•• Disi : Ubt: l.Iel: 1.177 : I.m: 1.1&1 : I. !II : '.1;2 : 1.'91 : I.m: I.Ibt : : 1.170 : I I.m: : UbI: : B.I':
Jan-SS I Sari.l, Diss. I 1.172 I B.17B : UTi : U.S: 8.m: ues : 1.1Ia : B.112 : I.m: '.IB' : 1.107 : 1.IV2 : 1.1~1 : I.m: 1.1I~ : US : 1.10 : I.I~;

"0,-3. : Bar iUI, Tota! : : : : : : : : : USb :
Oct-S::> I Se,.,..e 1< Ull I :P 1.111:
Apr-SI : B,n"ne 1< U:B: :< I.m:

\..' Oct..g- : Ben':!flf I < Uti I :< I.m:
Jan-SS : een:tn, : 1.1951 : : I.m:
Jun-SS : Be.,e.e 1< UIS 1< I.m :< I.U5 I: I.m :< 1.191 : :< 1.125 :< I.m: .'. a.m I 1< I.II~:

J1,,~96 : 9!"ane : : : : " 1.125 : : : :, 9.aI: : : .. 1.1t~ : :( I.m:

Aor-36 : hnze·'! I :( l.aI~ : " I.m: .. I.m: : e.m: : : I.m : : I I.W B./I'

NO'l-3& : Ben,:!n. I ( UIS:: l.ai5:< I.m:< 1.185 Ie 1.19~ : ( I.II~ :< I.m :< I.m Ie I.m I'. B.m: I :.: I.m: :( 1.195: : ua: : ( 1.11'

Ja.-lS : Pt',en. : < I.U5:< 1.115 :e 1.115 :( I.m ;( I.W:: I.m:e I.m :e 1.1I~ I' I.W:( I.m ;;1 I. III I: B.1I5 :: I.m I: 1.11~ :: I.m I a.m I a.~~~;( '.I~~·

Oct-g; I Bcsi :eth, In..yt iPhthalat.

{'(lan':j 'lot d~te:t~d lJsil"l1 de~t',;~i':l" Ii.i~ ;l\c .. l'l; p .u~s t1r!?I§l!,\t ~,;t..~l!!:" ;t'~?'.:~io:n I:t;~: I t~~='~ :"\~~.,:::~"I~ ;;.:~?: J 't?~-j ~;::'!'?~ 'i!)':': ? ."~.; ~.r:~"·. ~
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• •
~Iot:a:e:i,;:aI 3l.iuary ~f ':~nS:lti:~;lt~ ~!!~~C~e=1 ir, at o.. eHt G:'le :iIO!ii F:'"H ~I?C:D ::'"vtE:1 ·Aa;.!!r C~!!!ii:Ji ,'~naij5€'; ~tg.-'!l.

•
a:·-;.,-;3 133,.;; :::

0.:. : ?"."t" : H : H : H : H : H :-5 : go; : 9-l : H : H lH IH 11-1 IH : IH : 1;-; : 1:-5 I lH
....._ _ _--..-.---_ _--_ _--: .--.-----: .---_.-.- :-.-.-----: --------- ---------: ---------: ---------: .----.---: --------- ----._--- --------. --------- ---------: ---------: ---------: ------.---: --------- :
Jun-3~ : Cop~er, Tatal :: :::::
Ja,-36 : Coo"r, Tot.1 :: I :: I:::
ADr-S6 : COPO!f, Total ::::: ::: - ,
NO'J-36 CODt)er, fetal ::::: ::: '.371:
No,-S6 Cy.nide : ( ula:< 8.au:( '.113:< UU 1< •• au < '.m 1< I.au:< 8.m 1< '.m:i '.319: :< a.m: :: 8.m: :< 8.m: :< 8.m:
O,l-a~ Etilylb.nan. : < 1.118 I :< 1.1Il:
Apr-a4 EI~ylbe.ane • < I,au: 1< 8.aU:
Cel-84 Elhylb.nane < u:a : :< i.m:
J.n-a5 Etilylbenzene < l.a85: :< l.i85:
J.n-85 EtilYlbon:.n. < U85:< 8.m:< I.m 1< I.m:< I.m: :i 1.185: 1< 1.185: : :< 1.185: :e 1.885:
Ja.-96 Etil,lben".e ::::< 1.185: I : :( 8.185 I I 1< a.m: :< I.m: I : :.
Aw96 Elhylbenane 1< I.m I 1< 1.185 I 1< '.m: :< I.m I 1< I.m: : I I : 1< '.185: 1< 8.m:
No,-86 mylbemne < 1.185:( l.aII 1< UI5:< 1.815 :< I.m:( 1.281:< 1.185:< 1.18::< 1.115 1< I.m: :< 8.115: 1< I.m: :< I.m : :< I.m :
lan-B8 • m,lbonwe < 1.115 1< 1.185 1< 1.185:< I.m:< 8.m:< 8.m I( I.m:< I.m:< 1.185 1< 1.185:< 8.185 1< I.m:< I.m 1< 8.m:< 1.185:< I.m 1< I.m 1< I.m:
No,-a6 lead, Din. < 1.111 1< 1.111 I I.U:: '.113: 8.182 I I.U::< 8.111: 1.882: 8.183 I 1.111: : 1.115: 1< 1.181 : : 1.11I: I I.m:
O,l-B~ load, Total 1.818 I I 1.141:

(' Apr-94 load, Total uas : : 1.1:2:
0,t-94 load, Total 1.117 I : 1.221:
Jan-85 load, Tolal 1.822 : : 1.123:

\ lun-95 le.d. Tol.l 1.122: 1.166: 1.294 I I.m: I.m I : 8.154: : 1.154: I I 8.119: I 1.163
Jln·86 Lead, Total :::: l.lI7: : t : l.a~5: : : 8.148: : I.J~I

Apr-86 load, lotal : '.161 I : I.m: : 1.83.: : 1.112: : 8.161: I : I : : 8.366: : 8.Jl::
No,-Sb lead, Total : I I : : : : : 1.174:
No,-S6 "'lnesiu',Oi55. 43.5: 61.4 I 39.4 I 47.6: 27.1: 52.4: 33.': 54.9: 33.1: 49,2: I 58.8: I 5S.I: : ~3.S: : 36.9:
No,-86 : "onqlnm, Oiss. 1.593 I a.lla: 8.564: 1.~31 I 1.81 I 1.413: 1.94 I 1.788 I a.8:6 I 1.142: : 1.59: : 1.11): I 1.11: : 1.51:
Jan-S8 I "anqan.... Diss. 1.72: 8.195: '.934: 1.37: 2.51 I 8.112 I 1.91: 1.44 I 1.813 I U91: 1.216: I.J8 I 1.219: U3: I.m I 1.936: 1.298: l.n:
Oct-S3 I "onqonoso, lola I 2.14 : I 6.54:
~pr-9.4 I "anqaneso, Total
Ocl-84 : "anqanose, folal : 2.31 I I 2.37:
Jan-85 : "anqanese, Total I 1.86 : : 1.46:
Jun-85 : "anqanese, Total : 4,89: 1.312: 4.2~ I 1.361: 27.5a: : 1I.S I : 2.17: : : 8.14 I : 5.;J:
Jan-86 : "anq.nese, Total : : : : : 9.38: : I I 1.31: : I 9.59: I 2.13:
Apr-S6 I "onq.nm, Total : : 1.138: : I.m: I 1.695 I I 8.9SJ: I 1.521: : I : : I 11.7: I 1.89:
MOli-96 : Itdnq!nent Total : : : : : : : : 2.5( :
No,-96 I "ercury, Oi... : < 1.1111 :< U881 :< 1.1881 :< 1.1111 :< 1.1884':< 1.IJ14 :e 1.1884 :< 1.3114 :< 8.18141< 8.m4 I 1< Ual4 : 1< 1.1884 : :< UBII : :< U8BI :
Ocl-S3 :' Nercun, Total
Apr-a4 : "ereUry, Totll : < a.1884 I : 8.IU9:
Ocl-84:"ercurY,Tot.1 ::::::::::::::.
Jan-35 :. "or:ury, Total
Jun-95 : "er:"y, lolal
J.n-36:""c·"y, [01.1 :: I : : : :: I:::: :::;
t1pr-36 : ~er:~r'.,~ Tetal :::::::::: .-
No,-8b : "er·:ury, Tolal :::::::::iJ.aIJ4 :
0,H3 : "ethyl... Chloride : < 1.111: :< 8.118:
Apr-al : "et~ylene Chloride : < 1.111 I : < '.all:
Ocl-H : "etilylene Chloride : 1,12°: : 8.a71:

'- Jan-B5 : "elildene C~loride : I.all: : i.12\ I : : :: :: :
J.n-35 : ~ethder.e C~lorio. : < UJ5:( 8.m:< i.m ;'. I.W:'. 1.115 :' I.m: " 1.185: : " a.m " U8~

Jan-l6 I "el'vlene Chloride : : I " I.J8:: : : :( l.alS : : ., a.a@s ., a.18S
Apr-36 : "ol~vlone Chloride : .'. a.U5: " 1,115: :( I.n~ .. a.lll; ;( 8./15:: : .. I.m; ., 1./1'.
No,-BI : "o~h~lene C'lori~. : < I.Bil::: a.als;< I.U: :'. 8.US:< 1.18\:( J.IIS:( 8.J8::' a./Is:( I.U5:< a.las; " l.a@5 ., I.W '. :'. 1.1IS; :< a.ll'

{ 'U11~ ;'\"t je~!C~i'1 !J~i"l:l d!~!,:~io" lui! ~~-=.~: ~ .!!'~"; :r!!,,:~~,~ t'l~ :~j:. ;~~l?t~i:~ !il:t: ! '~:"~ i·~lf':':j~~.~ 11t~!": J I~~"" '~~:'~'~1 I~ .• : , P,"= ::" .. ~~-. '".:~ ~ R1
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• •
A!:lna:~ti~l! SUlliI:", of ~cn5titu~nt5 Je~e(~e·j ~11 i1~ ~~a;t tjne :aaoi~ ;;r~. ~H~QP S!'"JI.:;'Id 4;;,t~!" Chi!1::;! ~r,ilh's;: (I~~il.

•
a-:· .i\ln·~5 13::.52 1~)

Oot. : liaraae:er : 5-, :5-9 : 6-S : ,-0 : 1-S :;-0 :3-5 :H : ~·S : '-0 : 19-) :IH : 11-0 :11-3 : 11-) : 12-5 : 13-0 : 13-3
-----------------------------------------_ .._--------: ---------: ---------: ---------: -------_ .. :--------- :---------: ---------: _._------: ---------: ---------: ---------: ---------: ---------: ----._---: ---- ....--.: ---------: --------- :
Jan-e~ : Silver I fota!
J'Jn-35 : Sil"r. Total
Jan-S6 : Silyer, Toto1

, ~or-S6 : Silyer, Tolil
Noy-96 : Si1yer, Total : : : : : : : '.181 :
Jfo.,-3& : Scdiul. Diss. lB.' : 3.57 : 26.' : IS.' : 6.77 : Q.36 : U9 : 11.' : 2B.2 : IU: : 16.5 : : 7.U: : 17.1 : : 6.5@ :
Noy-96 : Sui tates m: IS. : 172: 176: HB : 251 : 183 : 272:, 91.7 : IB9 : : 124 : : 36~ : : 56 •• : : 219 :,
Oct-B3 : T.trlChlor.th.n. < 1.11.: :P 1.111: : : : I ::
Apr-B4 : Tftrachloreth.n. < 1.111: : '.Ill : ,I

Oct-84 : T.tmhloreth.n. < '.m: : '.138 :
Jon-B5 : TotrlChloreth.n. < 1.815: :< '.195:
Jun-B5 : Totrochlorethf" < '.m:< '.185: I.m:< '.115:< ....5: : "'46 : I '.22 I : 1< 1.185: :< '.m
~a"-96 : htrachlor.~h.n. : I I 1< '.m: I . : '.21 : : :< ....5 I :< U.S. . -. .
Apr-B6 : lftrachloreth.n. :< '.m I :< '.115: :< '.115: :< 1.11:: 1< '.m I 1 : . : :< '.115: 1< ....5:.
Noy-B6 : Totrochlorethen. < '.115 1< '.815: '.2':< 1.115:< '.m:< '.m I ..... 1< '.115: '.12:< ....5: 1< 8.'15 l :< ...85 I 1< '.185: 1< '.115:
Jan-BS : Tftrochlorethen. < 1.185:< ...15 I 1.926 1< ....5:< '.115 1< '.m: ...:l11< '.m: 1.11 1< '.115:< 1.915: '.'21 1< 1.115:< UI5:J 1.911 1< '.185:< '.115 1< U15:
Oct-83 I TOe 619.' : : 27.6 :
Apr-94 : Toe 13.5 : : 13.2 :
OcH' : Toe
Jan-B5 : Toe
Jun-95 : roc
Jan-96 : roc
Apr-96 : Toe
No,-a6 : Toe
Oct-83 : Tolu... : < I.It.: :< 1.111:
Apr-B. : Tolu.n. : < I.m I :< '.m I .
Oct-84 : Tolu... : < ...11: :< '.111:
Jan-B5 I Tolue.. : < '.185 I :< U85;
Jun-B5 : Tolu.n. : < '.115:< 1.985:< 1.115:< '.115:< '.815 I :< '.115: :< U.S: I 1( '.m: :< ....5

"..~. Jan-B6 1 Toluen. : : I : :< '.185: : : :< ....5 I : 1< ...85: :< '.m:
:. ,.,

Apr-B6 I Toluen. I 1< ....,: :< 1.185: :< '.115: 1< '.115: : 1.1182 I : : : : 1< 1.1.5 : 1< 1.185:.. .,
.~. No.-86 I Toluen. : < '.115:< '.115:< '.115:< '.m;< '.115:< '.115:< 1.115:< '.115 i< UI5 :< 1.115: :< '.115: :< '.115: :< '.115: 1< '.m

Jon-BB : Tolu.n. : < 1.1.5:< '.115:< '.185:< 1.115:< 1.115:< 1.115:< 1.115:( '.~15:< '.1.5:< UI5:< ...15:< '.115 Ie '.185:< '.115 i< ....~:< ....5:< 1.9.5:< '.m i
~an-38 : Total lylann : < '.115:< '.115:< '.115:< '.115 1< '.m:< I.m:< '.m :( '.115:< '.115:< '.m:< '.II5:e '.115:< 1.115:< '.115:1 '.115:< '.US:< '.m:< '.115:
Oct-93 : Trans I,I-Dichloro.then. : < I.It.: : ...·1:
Apr-B4 : Tron. I,I-Dichloro.thf" : < 1.111: : 1.15 : ..
Oct-B. : Tron. I,I-Oicilloro.th.n. 1< '.m: : '.17 :

l.· Jan-S5 I Tran. I,I-Dicllloro.then. I < '.1'5 : :< I.m:
Jun-85 I Trons I,l-Dichloro.then. : < 1.•15:< '.115: U93:< '.115:< U.S: I '.19 : : '.58 : : : '.m: : '.1:6 :
Jan-B6 I Trans 1,1-0ichloro.the.. : : : : :< '.m: : : I '.51 : : : ...12 : : '.1:· :

L Aor-S~ 1 Trons I.I-OI,hlo".t••n. : :< 1.115: Ie 1.115: :< '.m: I '.101 : : 1.113 : : : I : :< 1.115 : :': UI~

No,-96 : Trans 1.2-0ichloro.th.n. : < '.m:< '.115: '.53 Ie '.115:< '.m:< '.m: 1.2' : '.1·, : I.;. : 1.1:3 : : '.136 : : '.m: :< I.m: :'. 1.I1~

-. - '. Jan-BB : T"ns 1, :-DlChlor:.then. : < I.m:( UI::< 1.115:< '.m:< I.m 1< I.m:< I.II~ : I.W:( I.w:e '.!IS :< '.m :- I.II~ :( I.II~:< '.115:1 '.II~ II ...IS:< I.m:< UI'
t.~" Oct-B3 : Trichloro.then. : < 1.11,: : I.B :

Aor-94 : Trichloro.then. : < I.m: '.11 :
Oct-a. : Trichloro.th.n. :< I.m: : e.3) :
Jan-95 : Tri:hIJrol!~t:e,'e : \ a.liS: : ~. I.U~ :
Jur:-35 : Tf1,hl0r~!~l"te"e : ( !.W:- '.m: a. ~2 ~ I. !I~ : 1.15 : : l.I : : ;.2 : : : '.15 u:~

Jan·3b : Trlcnloro.thene : : : : I 1.1:. : : I : 1.2: : : 1.1 ;. 1.111
40'-9& : inchl~roet!"ofne : ,. I.m: : 1.11,7 : ., I.m: 5.7 : I.:~ , : ,'. !.m: .. UIS:
Nov-ab : Tnc!'ltorcfthene : < '.115:: 8.!'~ : :. ~ : '.111 : I.:: :( l.!1~ : 1.: : 11.7 : 1.3 : I.:) : : a.:l 1.1:1 : ~ I.!I~ : " I.m:

I .~,y: ''It -~,,~!~~~:1 'J~i"'] 1~~~:~i,:,: I:,i~ ;!--:.~: Cl .-?l": :, .. ~:~.~ ~". :~' •• :~.: •• -, l:t!"; ! 'L'~ ; .. , ; _. ~. ~ . . .~ :. ~ ~: ... :': ~ ,: ,. .~ . .. ". -: <,., .. r /'



"_
......

--
--.-

--
.-

-
-..

_..--
_..----------

t
...

s
a
_

,
.
~

r:o
t
.
.

•
_

_

~J
~__:

~~..__.
..

_

..~-

~
.
,.....

~-
~
.
.
.
,

r
o

t
"
"

G
Il

'S
a
~
~

..
_

f
'g

..
r
-
_

.
.
.
.
.
.

ltD
.
.
.
.

'

--
--

"""'
~

......-
,.,...,

._---
f
1
Q
~
~

..
-


--
......-

..
--

..

r
,

....
o

r.
_

_
........

.
.
.

I!D
~

o
s.o

_
~

..
-

p
g

..
..

•
.t!ID....,,_

----
~..

~
..

..
~

~
...-

.,;-

"""""""."""n"""""""""""""""""""""""""""" n""
--

.-
--

-.
----_.

------------...
"""""""""

----
----

--
----------

..---
..---

"""""""""
-
-

..-
.
-

-
-

-
-

-
-

-
-

-
-

-
-

-
-

-
-

-
-

-
-

-
-

II"""""""""
--..

--
--

-.
----

..-
.-----..-----

""
~
:
;
~
;
:
.
D
~

~
::

•
flU

"
U

..
..

..
..:.

..

~!:~~:==------=-~":~:
:
1
~
~
:
~
~

~
~

l!
D

a
J

-
-

""'H"
_

.
-
-

-
-

_
.

-
-

-
-

-
-

-
-

-
-

-
-

_
..

-
-

-
-

-
-

It"
c
.,

,
o

n
,

,
0

~
,

,

~
......

'"
~

..
-

,
.,;-

.,;
...

,
~

,
,

,
-

,

••
n.,-...-.:

,
'
~

G
')

.
,
.
.

•
•

_
~

r"
"

.._
CSll"

_
~
)

-.0
~

.
.
.
.
.

·s
a

.
..--

..
--

-
...............-

...,
~...

I!D
e
g

t!D
_

r:-4
I
»

0!"0I
_

_
.
.
.

.
"

t
.
.
.
.
.
.

oe:»._
..

r.o
I
_

_
.
.

.
.

~
,I

......
'
...............

----
--

--
-.

----
.-

----
------..-

_....-

I
r

.......
11-'

_
-
4

.....
_

1
0

-
-

G
Il
.
.

t'V
r-".,...

1
.r

:r
tJ

...."
1_

..._
....

:h
i:::......--

--
....--

..
--

--
--

----
----

..-
..---...-.

,,

,
,

.,',
0

.0~

•
'"

J



·
~

~
•

_
l!!III

_

I
_

I'U
-

,...
I

.
.
.

.
.

.
-

:
.l.

__
•

::-::
......

__
...

::-:
_.

__
..

..__
....:;.

::-:::
......_

..
.._

..
.._

..
_

_
l
'
Q
I
!
D
.
"
'
~

_
""'

~
...............

_..,.,...
...._

_
~
"
"

_
0

'>
....

-
-
-
"
.

......

~
1
l
~
~
~
~
~

~
~
~
~
~
~
i

i_---~--~--~-~=-.=-.
~
~
~
~
~

=
-_0"_"

~
~
~
~
~

~
:
m

•
..

_
_M._

~.~
.:-

::-::
~
~

:::-::
:-:::

--
--

:-:::::-::::
--

--
!'=

-...-
_.

-
......-

:::-::
::-:

:-::
~

::-:
.-

--
:::

:-:::
:::-::

....
~

--
~

--
_....-

--
--

..-
..-

.-
_.•

-
..-

--
--

_.
--

..-.- ..----

~......
~---

~
.

.
;

rr.
-,.

X
I

a
:

I
U

......
...-

,
..:'

-.,.-
~

,
.
-

.......
~

e
:t

I
I
n

U
I

C
J
~

_
:•
•

_
•

::=-::
.._

..
..

__
.._

::-::
..

.._
.....

__
~

..
..

....
_

•
---

C
D

--
~ .... ~..-

,C
D

- .,;~..-
.

-
~ ..- ~..~

~
~

-
-

-
-

-
-

-
-

.
.
.
.
.

-
-
-

-
-

-
-

-
-

.
.

-
-
-

-
-

-
O

'
.
.

.
.

.
.

.
.

.
.

-
-

.
-

-
-

•
•

-
-

·,n,,.~,~. ,

.-
,

~
,

--
.'..-

..-
..---

.;..--
..---....----

..-
..-.--

..-----
..-

..-
..-

_.......------
..---

....--
_..--

----
......-....--

.-
--

.-

---
---

~--
t
n

I
,.-.....I·

......
-

-
--

_.------.---
..--_.--_.--------------

--------.-.-
--------.---_.--

...---.---_._.----.---
..

~
~

~

..
-

5
~

-
-

-
-

~
~

--
--------..----------------------..----

.-------.---.-----.-
----

--------
_....-

--
----

--

~
~

--
_..--

..-.-
------

..-------_.--
....---

..-------
-.----

-...
----

..-_.--
..----.-----_.--.-----

----
--

--
_.--

· 'n•·,".~.'"
,

,
,

r.
,

N
'

~---
~---

~-
::--

~
_.

_..--.---------_.----.-----.-_.--------
....---------..._.--

......----_.--.-
----

........--
..:

."
.,...,-
:::=

---
or._

....
--- -~...
---

~
~
~
~
~
~

-----..
----

..
~

o
·

- _..
---

---
----

-
----

------_.--.-----.-----------_.----
_...--....-_.----.-.---------

...---_.--_.------
----

----
------

..--
--

..

...,.
.

_
...

~-..
I'D

"
_

~
·
n

O
'Q

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

------ u
....

"
........

..,
I
V

.
_

-
~


...--

~
~

~
~
.

-..-- ~


~----- ~
~

.........
----.
.
~

..-
_

_
_

m
_

t
n

.
.
.
.
_

_
o

-c
m

---_
.....-

----
..

_
_

0
-

_

=
=
=
;
~
=

----
-

.,."
o

n
,
"

S
I

C
D

_
::::;;=

;:

----
.;

:
;
:
:
;
:
~
~
:
:
.
:

_
_

8
_

N
_

----
..

~
~
~

--...-----
~
~
-

===
--- ~
~
~

-- ..-~---u".,...
....

===
,_a_

---
---

----
-

----
--_.--

----
------_.------.-----------------.-

.-----------------..-----.-.-
--------

,,
,n

,
,

,
~.--

-'.
--

.-
--

--
--

--
:::-::-::!

--
..-

--
...-

..-
--
~

:::-::::::-:--
--

--
--'.-

--
:::-::::::-::::::-::::-::--

:-::--
--

.-
--

--
--

--
--

--
--

--
_.

--
--

--
--

.-
_...

· ,n•0
'

•
-. I

_
_

--
_.----

--.-------
--------------..-----

--------------------
--.-----

,.,
~.·,~,-, I

_
_

--
_...--------_.------.-_.

_..._.------
--

--
_..-------

----.-...--------

'. Cr."'.'J
•

,
~
~
~

~
~
~

~
~
~
~
~
:

~
~
~
~
~

~
_!.--

--
.-

.-
--

..~
:~

_.
_..-

..
_.

--
:

:~
....

_.
_..-

..~~
:~~

:
_...

_..-
.....-=:=:.----.--.-

.........
..-..
.........

III">
.......
-
~...

--$
..."

-
0

0
-

_

-
~

--
"""_orI_

t"
')

.,.,

===-=:;:=
.

.
...

.
----

-
~
~
~

--..-----
~
~
~

_..---'"
-..-

· ,n
•

·.-.-.,
-

""-
--

""
"---

-
..."

...........
--

_.--
--

------------_.--
.---.-

..
_..-....----

....--
...

_..
~
-

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

~
-.-----.-------

.
~.....---

--
~
-

--
.-

--

0
.

...,;,

::
~

-
::

-
..

-
-

-
C

D

.,;

>.•..e

t-"')
.
.
.
.
.
.
.
.

_
Ir':I

-
0

-
0
~

C
D

t"
')

.
.
.
.
.
.

II"
)

t
n

-
0

-
0

..0
C

D
,..,

.
.
.
.
.
.
.
.
.
.
.

'"
-
0

-
0

.
.
0

C
D

-
0

-
0

-a
~

...........
,"

..a
..a

-
0

-a
C

D
-
0
~

_
...

.,.,
'"

4
-a
~

co
"

~
~
~
~
~
~
~
~
~
~
~
~
~
~
~
~
~
m
C
D
m
C
D
m
C
D
~
C
D
~
~
~
~
~
C
D
~
C
D
~
C
D
C
D
C
D
~
C
D
~
~
~
C
D
~
~
~
~
~
~
~
~

,
I

I
I

I
I

I
I

t
I

I
I

I
I

I
I

I
,

I
I

,
I

I
I

I
I

I
I

I
,

I
I

,
I

I
,

,
I

I
I

,
,

•
,

I
I

I
I

I
I

I
..

~
~
~

c
c::

c
...

»
e

_
~

_
e

c:
c::

...
»

c
_

...
_

c
c::

c
...

>
c

>-
»

»
_

...
_

c:
c

c:
...

>
»

e
...

_
...

_
c

c:
c

...
>

c
.
'

~
=
~
~
~
~
=
.
~
~
~
=
~
~
~
~
~
~
~
~
=
~
~
~
~
~
~
~
~
~
~
~
=
~
~
~
~
~
~
~
~
~
~
~
~
~
~
~
=
~
~
~

•
{...'

~,.
:,-

.J



• •
A!·~IH~eti·:Jl :CIIU'! -Jf ~'Jnsti~'Jer;:; ;~t?c:~1 i, 3t Le3st JM :u~i~ Fr~1 'ir.~cp -: ....JIJr'l~ 'Aat::" Ciie:t~:!! .er,:i;~S=i \,~i:l.

•
~:-Ji;r,-39 1~:2. 5: I~;

Oat! : ParAle~er : IH :IH : 15-; : 1b~S : 17·; : Ie-; : 19-5 : 2\1-; : 21-; : 22-S : 23-3 : 2·-3 : 2S-; : AI-l : ~r-z : F~C;;

srm
SE'EI
~UTF;ll

: NORTH

SIOR~

sm~

OUTF~ll

: SOUIH
_.._------------------------------.-.--------------- :--------- ---------: ---------: ---------: ---------: ---------: ---------: ----..--~-: --.- -----: ---------: ---------: ---------: ---------: ---------: .----.---: -----"':---: -------_':..:
Apr-34 : Bisl2'thyl~uyllPhthallt' : : : : : : : : : : : : : : : a.!;l
OcH' : BisI2,thvlh"yllPhtha:at, : : : : : : : : : : : : : : : 8.m
Jan-9S : BislZlthylh"ylJPhthallt, : : : : : : : : : : : , . : : :<um:
Jun-IS : B15:2'thylhuyllPhthalato : : : : , : : : : : : : : : :<UiCll,
Jan-S6 : BisI2.thylhllyIIPMhdat,
Apr-all: Bisl2,thylhuyllPhtha:ah
Nov-91l : BisI2,thylh"yIIPMhal,t!
Nov-9/) : Cad.ilil, Din. : : '.Im : '.aIIB: '.811I : um: '.JaBS: 1.1124 : I.Im: : : : : : : : '.m., .
Oct-93 : C.dl'UI, Total : : : : . : : : : : : : : : : : Uill,
Apr-B. : Cadliul, Total : : : : : : : : : : : : : : : : U.Sl
Oct-B. : Cadliul, Total
Jan-SS : Cadliul, Total
Jun-SS : Cadliul, Total
Jan-SII : Codliul, Total
Apr-SII : Cadliul, Total
Mo,-SII : Codliul, Tolal : : 1.'194
Nov-S6 : CalCiUI, Din. : : 191 159: I.S : 17. : 157 : 116.3 : 1111.' :

, : : : , : I 2.S :, ,
Mo,-8Il : Calciul, Tolal : : 2.7 : : : : : : : : : : : : : :
IIov-BIl : ChlDridl : : SS.S 15.' : 4•• : 25.6 : 26.6 : 5••• : 15.3 : : : , : : : : 12.9 :,
Oct-B3 : Chloroforl : : : : : , : : , : : : : : :< '.m:, ,
Apr-aa : Chloroforl : , : : : : : : : : : : : : :< 1.1:. :,
Oct-B. : Chloroforl : : : : : : : , : : : : : : :< '.m:,.
Jan-S5 : Chiaro fori : : : : : : : : : : : , : : :< '.315 :,
Jun-SS : Chloroforl : : : , : : : : : : : : : : :( . 1.1'5 :,
Jan-SII : Chlorofarl
Apr-SII : Chloroforl : :< 1.1.5:< 1.1.5:< I.IBS:< '.315:< 1.115:< U.S :< U.S:
Mov-SII : Chiarofori : :< 1.1.5:< I.m :< ....5 :< 1.1.5:< 1.115:< '.115 :< 1.1'5 : : : : : : : :< U.S:
Jan-BB : Chloroforl : < '.115:< '.115 :< 1.185 :< '.185 :< 1.115:< 1.185:< '.m :< '.115 :< ...85 :< '.115 :< '.!IS :< 1.1.5 :< '.m:< 1.1.5:< '.115:< 1.115:< U.S :< U.S
1Io.-SIl : Chroliul, Diu. : :< 1.181 : '.112 : 1.1.: : 1.1" : ....Z: '.112 : 1.111 : : : : : : : : 1.111 :
Oct-B3 : Chroliul, Tohl : , : : : : : : : : : : : : : : '.m:,
Apr-S' : Chroliul, Total : : : : : : : : : : : : : : : : 1.1" :
Oct-S4 : Chroliul, Tolal
Jon-SS : Chrcliul, Total
Jun-BS : Chrcli.l. Total
J.n-9. : Chroliul, Total
ADr-S6 : Chroliul, Tot.1
Ic.-S6 : Chroliul, Total : : : 1.111

'~ Oct-83 : Ci. 1,2-DichIDro,th,nll,!hYIl : : :
Apr-S' : Cis l.2-Dichlorolth,n'(lthyl) : : : : : : : : : : : : : : : : 1.1°6 :
Oct-B. : Cis 1,2-DichlorDlth,nliothyll : : : : : : : : : : : : : : : : t.2l :
Jan-SS : Cis 1,2-Dichlorc,!h,n'I,th'/11
Jun-9S : Cis 1,2-Dichlo",th,n,i,tnyll
J.n-96 : Cis 1,2-Dichloro,th,nlllthyll ;

Apr-all: Cis 1,2-Dichloro,th,n,!,th,11 : : : : : : : : : : :
Nov-S6 : Cis 1,Z-Dichloro,tMn,I,thyli : ., 1.3.5 :< I.m :( 1.1.5 : l.a2i : I.:j : ( 8.m :< B.m: : : : : : : I.ll
Jan-SB : Cn-l.l-Dichloro,:hY"'" : < 8.!IS:< 8.m:e 'I.m:< '.m: U:6 : Z.u :< '.m :< i.!IS :J •. Us: '.1.9 :( '.105 a.1-1 : ~ I.m: 1.2 : 1.I1?2 I.l' :e '.m :( '.m
~oy·Bb : Ccpp~r, OiB. : : UI: : UIi: 1.1•• : US: US: : US. : '.!II : : : : : US:
Oct-S; : Cooo". Tot.1 : : : : : : .' : : : I.m
Aor-S1 : Ccpp.. , Iota i : : : : : : : : : I.n
Oct-B' : Co OJ" , 10t.1
lan-IS: Ccpo",. [otal

! '~J"_<; "I::~ .j~.i?:'111 ':(i~,: 1"~;I:~i:,:", !i':~ .;~r:.':: ; 'O~~~ "~lI::I".' ·,:)~·tl "o·:=··~·, ::'j~: I ':'1:: :'~J:t,.:~•• : .••• ~: : .:.:-: :I;"'ll;;~ ,I' " ':0 ,:.,": ~ •• ~,- , .. , : I P1'1



• •
"~~h4.:i~~'::3.1 SlJ1I3"i Jf CooHit'.:er.ti Di'tec:e·: ;,'\ it L~H~ D;:e :Hd~ ~r'J' "!~CP S(~'Jnit :4a:~r ·:.'1Hi..:a! ~l"ll:';i!; {I~d!.

•
a:-;un-39 nj~.~: 1::

Oit! PJra.e~:!r lH :IH :15-; : !!l-j I P·I liS-; : Iq·S : Za-j : 21-3 : 22-; 123-5 : 21·3 :25-5 : AT-! : M-, : F~c;,

STOF.~

SEiE,
OUTFlLL

I NOIi;H

SIOF.~

SE~:n

OU1F:LL
: SOUTH
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APPENDIX C

MAXIMUM AND MEAN CONCENTRATIONS DETECTED IN

NIROP GROUND VATER ANALYSES
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~adlJ1 ~i\= .1~3~ S;:r.c~!'.tr!~::;'\; ): !:';;~iti~'.:i!nts ~e:e-::::d in ~!;.OP Sr:::.sna 'ater Chetical ~nah'ses (.gil~.

STOR~ ST1R~

SEIER SE'ER
OUTFALL OUTFALL

Pirueter 17-S lao; IH 28-5 21-5 =2-5 n-g 21-5 25-5 AT-! AT-2 F~C;J NORTH SOUTH
______________________________________________________-----------------------------------------------... ---------------------------...---------------------------- ...---____ a

com 2 2 2 2 1 1 1 1 1 1 1 2 1 1
Tr ion I orof I.o".ethane HAmUH '.Im 1.a825 um 8.am !.am '.8125 U825 8.1825 1.1825 '.1825 8.1825 '.am um 1.1825

HEAN 8.18=: 8.am U825 8.am '.am '.am 1.1825 '.1125 um '.1125 um 1.8825 '.8825 1.6.25

-._---_ .... COUNT 1 1 1 1 • • • • • • • 5 • •linc. Total HAmUH um USII J.2111 l.m8 NA NA NA IIA IIA NA NA 4.19111 NA NA
HEAN 4.5611 9.lB81 3.2111 4.m. NA NA NA NA NA NA NA 2.'499 NA NA

13-;.n-39 13~:.~~ 1::
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:ll'l:6eI'I:~I'Z:~:n:£S!"':~~~'8:ZWI:LWI:Z"!":::n::~n:6:1'1:z~~"::n>:11'1:1:1'8::1'1::In:"!S~a'JU!Z:BE-uft
:11'1>:In>:UOI>:WI):11'1>:11'1>:11'1>:1I'e>:Jr'I>:WI>:II">:11'1>:11'1>:11'1>:11'1>:1I'e>:Wf>:11'1,,aP1J.I~jl'Utt,:SE-ufr
:111'8>:m'l>:111'1>:111'1>:IW8>:lin>:IW8>:111'1>:111'8>:111'1>:m'lI:18n>:112'1>:lIn>:;81'1;:181'8>:lin>:18n>:iU'PI.!~iI,cJonlJoJct~J!Jl:EE-urr

:1et'8>:I'l:m'8>:I'e:Z8nr:Ll"8:~8nr:n:sin:11'8:WI:i8l'8>:an:If'8:m"1>:18n>:181'8>:18,..>:ilua~.iloJCfl.:J!Jl:Se·uff
:181'1>:IWI>:181'8>:zn:m'l>:Ifn>:111'1>:£81'8>:lin>:18!'8>:181'1>:lIn>:Iei'I>:181'8I:111'1>:lin>:111'1>:111'1>:aUa4IaPJDI4JtO-z'lSUUI:se-Uf'
:m'l>:m'8:111'8>:;en>:len>:m'8>:111'1>:18/'1>:181'1>:\81">:111'8>:III">:lin>:len>:;en>:18n>:18n>:>e,..>:sauall·I'flDI:sS-Ufr
:\18">:ml'8:m'l>:181'8>:111'1>:lin>:111'8):an):111'1>:let'S):lin):lIn>:lin>:188'1>:III">:IWI>:IIe'I>:111'1>:auanlDI:SIi-Uf'
:\18'8>:Ttl'8:1et'8>:m'l>:1It'8>:lin):e;en:t:n:lel'l):m'l):111'1>:181'1>:m',>:m',>:\18'1>:\81">:lin>:lin>:aua4:aJoI4'Ulal:se-Uf'
:III">:m'l>:m'l>:188'1>:111'1>:III">:IWI>:Iet'l):.In>:1It'8i:111'1>:IWI>:lin>:lin>:111'1>:111'1>:111"1>:lin>:'S5!Ql,n!UclilS:se-urt
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i\Ie'l>:118'1>:len>:lin>:len>:lIn>:lin">:lin>:lin>:;11'8>:IWI.>:len>:;an>:lin>:I~n);IWI>:m"8>:lIn>:iLlizuag:BE-lift
:~en:al'l:838'1:11'1:lll'8:~9I'1:~n:Zi"e:t'e'l:~ti":ge'8::tn:lel'8,eln:Zt:'.:91:'8:Irl'l:9/'.:'5510',nlJf6:8,-Uf'
:lin>:lIn:III"·>:IW8>:len>:;en>,111'1>:~Wlr:111'1>:lin):lin>:lin>:an;en>:lin):Iwei:m'l>:lin.):iUilq~aoJoI4J!~-i'i:SE-u't
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18l'8>:LEn:111'1>:111'1>:111'1>:;eni:lin):Iwe>:111'1>:lIni:~In.>:lin>:linilen.>:,81'8>:Iwe>:Iel'l>:lin.>:ilut!\l~a:Jci4J~Jl-1't'l:EE-~rr
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C..,nstituents Analyzed Janudry 1988

• •
a3- iL,,-:6 1~3:.~: .. :

". ~.

':....

\..-

nat! : P:lfi.et~r ; ~.j ;H : ~-:: :H : ;-; : 7-0 :H : 9-~ : v-j : ~-~ : 18-) : U-j : 11-0 :IH IIH : 12-3 : 13-D :13-5
.._____•••• ____________________________________ : _____ : --------- : ------"---: -------_ .. : ---------: ---------: ---------: --- ..---.-: ----.-.--: --.------: ____ a_ea. : _________ : _________ : _________ : _. _______ : _________ : _________ : _________ ;

Jan-33 : 1.1.1-!ri!:~!o'Je~hine : ( a.m:( a.m;( 8.m:, 8.885 :J 1.88::( 1.18~: 8.a12 :( 8.815 : 1.85 : 8.!ISl :( 1.815:' 8.805:( 8.m:( 8.115:( I.m:( 8.m :( 8.185:( 1.115:
Jan-aS : 1.1-a~chlor~~t~ane : ('8.m,:( 8.m :< I.m:( 8.m:( 8.88~ : ( 8.m: 8.m :( 8.m: 1.813:< I.m :< 8.215:< 1.185:< a.m:< 1.185:< 1.115:< 1.185 :< 1.115 1< I.m:
Jan-SS : I, I-Die~lc"e:~Ene , , a.ass :~ 8.m:( 8.115:( 8.m;( 8.815:< a.laS:( 8.815 :J ue:;( 8.m:, I.m:< I.m:< I.m:< 1.115 :< I.m:< 1.115:< 1.115:< 1.185:< 1.815:
Jan-SS I Sari.l. Diss. : un: I.n: U71 : U'5 : I.m: I.;as : 1.:84 : '.112 : I.m: USI ; 1.8ql : I.aq: : U51: 1.881 : 1.114 : 1.8S : I.aq I 1.132 :
Jan-3B : Sen,ene I < 8.m:< 1.815:< 1.815:< 1.101:( 1.115:< I.m:< 1.115:< 1.185:< I.m:< 1.185:< UI5:< 1.18~:< U85:< U85:< 1.185:< 1.185:< U85:< I.m:
Jan-3S : Chleraforl : < UI5:< 8.185 I( I.m:< 1.885:< 8.125:< I.m:< 1.125 I( 1.125:< 1.185:< 1.185:< 1.185:< 1.885:< 1.815 1< 1.815:< I.m:( 1.185:< 1.185:< 1.885:
Jan-BB : Cis-l,,-Di:~I'raethylene : < U85:< 8.m: I.m :< I.m:< 8.m 1< 8.m: 8.1& : 1.831 : 8.11 : 1.812 1< 8.185: 1.145:< I.m: 8.1ll : I.m:< 1.115:< 1.885:< 1.815:
Jan-SS I Ethvlben:eno :< 1.185:< 8.185:: UI::< I.m:< I.m :( 8.m :< 1.185:< I.m:< 8.m:< U85:< I.m:< 8.885:< 1.885:< 1.815 1< 1.185:< 1.115:< 1.815:( I.m:
Jan-SS : "inga'ese, Diss. : 1.11 : 8.m: 1.931 :, 1.37 : 1.51 : 1.111 I I.BI : I.U: Ull: Uql I I.m: LIS: 1ol1a : 1.83 : 1.138 : 1.~3. : '.:°8 : 1.1l :
Jan-,S: "elhvie,e Chloride : < e.a.~ I< 1.18~ : 8.m:< 8.815: 8.1:. :< 8.18~ 1< I.m:< I.m:< I.m:< 1.185:( 1.195: I.m:< 8.m:< I.m:< UU I 1.813 1< I.m I 1.15 :
Jln-39 : Se!eniuI, Diss. :< I.m:< 8.11: :< I.m:( I.m:; 8.m:< 8.m:< 1.885:< 8.185 : I.IB:< 1.815:< I.m:< I.m:< 1.885:( 1.815:< 8.m:< 1.185:< UI5:< 1.815 :
Jan-9S : Telraehloro:hene : < 1.815 i( I.m: I.a:b :< I.m:< 8.185:< I.m: I.m:< 1.185: 1.11 :< 1.185:< 8.m: 1.121 :< 1.815:< l.m:J 8.181 :< 1.815 1< 1.815 1< 1.8.5:
lan-SS : Teluene :< I.m:< 1.115 1< 1.185:< 1.105:( U85:< 1.885 1< 1.885:< 1.815:< I.m 1< I.m :< 8.185:< 8.m:< 8.815:< 1.185 1< 1.885 1< I.m 1< 1.185:< 1.815
Jan-BB : Total l'tlene. : < 1.815:< I.m :< 1.815:( 1.185:< 1.815:< 1.185:< I.m:< 1.185:< 1.185 1< I.m:< 1.185 :< 1.185 1< 8.815 :< 1.11\:< 1.115:< 8.185 1< 8.115:< 1.i'a5:
Jan-BS : Tran. 1,1-Diehlaroethene : < 8.185 1< I.m:< I.m:t 8.185 1< I.m:< I.m :< 1.185: 1.117:< 1.885:< 1.185:< 1.115:< 1.385:< 1.385:< 1.885:< 8.815:< 1.185:< 1.115:< 1.115 :
Jan-SS : Trichlereeth"e : < I.m:< 8.m: I.j~ l< l.n9~ : 8.m:< I.m: •• B : 18.9 : I.l2 : 8.15:< 8.m: - I.n IJ 1.381 : '.'3~ : 8.3l:( 1.135:< 8.185 IJ 1.812:
Jan-SS : Trie,loroflucreoe:hane : < I.m:( 8.m:< I.m:t 8.m :< 8.115:< 8.m:< U8~:< I.m:< 1.885 1< 8.m:< 1.885:< 8.185:< 8.815:< 8.115:< 1.815:< 1.115:< I.m:( UI~ :
Jan-BB : Vinyl ,hl,ride : ( I.al :< 8.11 : < 8.11:; 1.81 :< 1.81 :< I.al :< 1.81 :( Ul:< 1.11 :< I.al :( Uli: 1.11 :< 1.81:< 8.81 1< 1.81 1< 1.11 1< 1.11 I( 1.11 :
Jan-aB : line. Diu. : I.B? : l.81 : 1.338 : 8. ~S7 : 1.129 : US: : 8.1:: : 1.17. I '.l3q : t.eB : 1.585 : 1.\0 5 : '.192 : l.lb1 : 8.1'9 : I.m: I. ~1 : 1."~ :

11::====:===::============:::::==============:::======;======:=:=;::==============:=========:::===:::::===================1:=========::================================:=====::====S=======:=::::====:J::::::::====:=::::::::::::11::::=
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Cl>nscituent.s Analyz~d January 1998 a:-Jun-39 13;:.5: t ~.:

STGR~ STOR~

SEwER SEWER
OUTF~lL OUTF~LL

~lt, : Plrue~Er : IH : :1-; : 1~-S :IH : IH' : :9·'~ ; 19-5 :2H : ~1-; : 2~-~ : 2~-': : Zt-5 : 15-; : ~H : ~T-2 : m:; : NORTH : SOUTH
-----._------._-------------- ------------- ---------- ~ ---------: ---------: ---------: ---------: ------_.. :._-------: ---------: ---------: ---------: ---------: ---------: ---------: ---------: --------- :---------: ---------: ----_._--:
Jan-aS : 1, 1, 1-Trichloroethane : \ a.~e5: < a.m :1 i.m:J U81 :< U85:< 8.181:< '.m:, I.m: a.a:: :, U:::J 8.181:< U85:< 8.m: 1.75:< '.115:< I.m:< I.m:< a.m:
Jan-3S : I.I-Oic'lorcethane : < I.m:< a.m :< l.m;1 '.m:< 8.m:< 1.185 Ii I.m :< 1.185 IJ Uil:< I.m:< I.m:< I.m:< 1.115: I.m :< ....~ : 1.114:< I.m:< 1.181 ':
Jan-a3 : 1,1-~ichlor\je~:'1I!~! : ( 8.m Ii I.m:< I.m;( 1.115:( '.m : a.m :< I.m Ii ...15:< 1.115:< '.m:< 8.m 1< 1.815:< 1.115 : I.m :< I.m:< l.aI5:< I.m:< I.m :
Jan-aS: 9ari.l, Diss. : I.I!I: 1.211 : i.lal : I.m: U62 : a.1I9 : I.I:S I I.aOI : I.m: 1.123 : 1.179 : 1.14' : un : l.lS7 : 1.125 : 1.112 : '.116 : I.! 21 ~

Jan-3S : a'ntene : < U85:< 1.115:< l.lIS:( 1.115 i( 1.115:< l.m:1 1.115':< 1.111 :<, '.115:< 1.115:< 1.115:< '.185:< '.1.5:< 1.115:< 1.115:< 1.'85 1< 1.115:< I.m
Jan-iS : Chlor%rl : < I.m:< 1.115:< I.m:i I.m:< I.m:< I.m:< 1.115:< I.m:<: l.ll~ :i '.815:< '.m:< 1.215:< 1.115:< 1.115:< I.m:< 1.115:< I.m:< 1.185 :
Jln-99 : Ci s- t, 2-HchloroethvIene : < I.m :< 1.115;< I.m:i UII: I.m: 2.1!:( I.m:< l.m:J I.m: 1.119:< 1.115: 1.17:< 1.185: 1.2: I.U72: 1,j4:( 1.815:< I.m:
Jan-iS: Eth.benane : < 1.115 1< 1.115:< 1.115:< I.m:< 1.185:< 8.115 :< 1.115:< 1.111:< 1.115 :< I.m:< 1.115:< 1.115:( 1.115 :J 1.1.. :< 1.115:< 1.115:< 8.815:< I.m I
Jan-39 : "a:]gJtles!, Dis5. : I.m: '.728 : 2.n: 1.11 : I.m: 1.12 : 1.119 : I.m: 1.9S7 : 1.372 : I.m: 1.74 : 1.52 : 1.15 : 1.11 : 1.12 : 8.314 : I.m :
Jan-39 : ~eth.l,", Chloride : 1.1:5:< 1.1.5:< 8.m:J I.m:< '.115:< 1.115:< I.m :< 1.115:< I.m:< 1.115:< 1.195:< I.m:< 1.185:< I.m:< 1.115:< I.m: 1.126:< I.m:
Jan-38 : Selel1iul. OiiS. : ( a.m 1< I.m:< 1.185 :( 1.115 :i 1.115:< 1.115:< 1.815:< 1.195 :< 1.115:< 1.111:< 1.111 :< 1.185 1< 1.1.5:< 1.185:< 8.11':< 1.115:< 1.115:< 1.115:
Jan-S9 : leuachloret,ene : < 1.115:< 1.315:< l.m:J 1.111: I.m :< I.m:< 1.115:< I.m: 1.13S: 1.111:< I.m:< 1.115:< 1.115: 1.37:< 1.115:< I.m:( 1.115:< I.m :
Jan-3S : [ol"ene : < 1.115:i 1.115:< I.m:< 1.115:< 1.185:( I.m:< I.m:< I.m:< I.m :< 1.115:< 1.115:< 1.115:< I.m: I.Im :< 8.115:< I.U5:< 1.115:< Uli,:
Jan-aS: Tota! Iylen.. : < '.m :< 1.195:< 1.115:< 1.115:< 1.115:< I.m:< 1.185:< 1.195:< 1.115:< I.m:< 1.115:< I.m:< I.m: 1.;6f:<'-I.115:< U85:< I.m:< 1.115 ';
Jan-SS,: Trans 1,2-Dichlar.eth.,e I < 1.115:< I.m:< 1.115:< I.m:< 1.115 1< 1.115:< I.m:< I.m:< UIS:< I.m:< 1.115:< 1.115:< I.m:< l.nS:i l.m:J i.lm:< 1.115:< 1;115 f'
Jan-3S : Trichiarcethene : < l.m:J 1.112 : 1.811 : 1.16 : 1.276 : 12.7 : Ue62 :1 1.115 : 1.1 : 1.1 :J 1.114: 1.123:< 1.115 : 11.3 : 1.6 : 1.3:< 1.115:< I.m :
Jan-9B : rricnlof3fluorcutnine : < 1.115:< I.m:( 1.115:< I.m:( '.11~,:< I.m:< 1.115:< 1.115:< 1.181:< I.m Ii 8.115:< I.m :1 '.m :( 1.815:( un 1< 1.1,,:< 1.115 :< I.m :
Jan-iS: 'Ji,yl Chlori~, : < 1.11 :( 1.11 :< 1.11 :< 1.11:< UI:< I.al :< i.ll :< 1.11 :< 1.11 :< 1.11 :< '.11 :< 1.11 :< 1.11:< 1.11:< 1.11 :< 1.11:< 1.11:< I.al :
Jan-aS: Zinc. Din. : < a.13 : 1.59 : l.3; : 2.IS : 2.11 : l.n : 1.25 : 1.32Z : I.a:: :< 1.11 : I.m: '.13~ :( I.U :< 1.i3 : 1.165 : 1.216 : 1.132 :< I.a, :

==::==:::::::::::====:::=::::====:::=:=:====================:::::========:::::=====:=::===::======::=======:::::=:=====:::=========:===========::====:====:::===========::===1:I:1:========:::::I::=:::::I:::::I:cC:::::=:::II.::I:::::=:&:=.::=::::::
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BOREHOLE AND VELL OONSTRUCTION LOGS FOR

WELLS INSTALLED DECEMBER 1987 - FEBRUARY 1988



40.:1

IWI'HC BORING NO.: 23-S
LOG· OF TEST BORING SHEET I of 1

PROJECT: COE-NIROP PROJECT NO.: 1332.32

LOCATION: Fridley, MN SURFACE ELEVATION: 844.6

DRILLED BY: Layne-Northwest - Milwaukee I DATE 2/11/88 IDATE /
STARTED: COMPLETED: 2 I5 / 88

CREW CHIEF: Ross Goldbeck I LOGGED BY: MSM I CHECKED BY: BWR/ 3/7/88
SAMPLING NOTES DEPTH VISUAL CLASSIFICATION GENERALINTERVAL I RECOVERY (ft.) AND GENERAL OBSERVATIONS WELL

NO. TYPE IBLOWS 1M! CONSTRUCTION
.

I " - Dk. brown, SAND, fine to med. , some s il t,
1 Grab 10- - trace of clay (topsoil) ~...

I- - =j
2 eGrab

10- - ;3- -~
10

5 - Brown, SAND, fine, trace of silt ~,.,.
6" I-- - - - - - - - --- - - - - - -!- -=~lac~ SAND, fine to med, trace of clay J

3 Grab - -- - - - - --I- -4 Grab -r -10 - fine little fine - :>
~

Brown, SAND, to coarse, r> ~- gravel ( alluvium) r:J. ~

I I" ...... - "
5 - - '" ... ~
6

SS - - ·3
~ w

15- - ....
~

Brown, SAND, fine to coarse, .and fine \l Cl.

16" - gravel ~

7 I- - ~
10- - II

SS til-
8 I- -

20- ~ 1/
~ Brown, SAND, fine to coarse, and fine .I--:~ ,J- gravel 'S

21" ·10- - · · I!l

9 ~ - · ··10 SS f- - ·-I- , · ·25- Brown, SAND, fine to med. ·
26" rt&l - . · ~.· I

11 - ·~ . . -- ·SS - - . ·· · .
12 -:- - . '.

~
30.- Brown, SAND, fine to med., trace coarse - 0 ·31" i 2

. ·- sand -.
13 ;. ~ . .- - ....

SS I . .
- - I:' r · ,

14 !- - .t.,' · ·
36 35- Brown, SAND, fine to coarse. - ·- 'fJ

15 III ·, ~'
.

SS
~ - -
!- - ~. ..

16 .
!- - · .

40-
Brown, SAND, fine to coarse.

17
41 ~

. "- , 1-.

18 SS - ..
- EOB @43 ' . . , .

NOTES WATER LEVEL OBSERVATIONS
DRILLING METHODS: FIRST OCCURENCE:

Cable tool

DATEITIME . 2/12/88 - 12:4Op 2/15/88 9:30a

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

DRILL RIG~ucyrus - Erie DEPTH

7()1?
TO CAVE IN

•

•

•
F·204A (R 09·87\



LOG OF TEST BORING

PROJECT: C.O.E. - NIROP

BORING NO.: 2-1

SHEET I of 2

SURFACE ELEVATION: 835 .6 '

PROJECT NO.: 1332.32

I CHECKED BY: BWR/ 1/28/88
I DATE

STARTED:

RON VAUGN
DRILLED BY: LAYNE NORTHWEST, MILWAUKEE
LOCATION: FR IDLEY, MN

CREW CHIEF: D. HORNBERG I LOGGED BY:•

,i ,.

Ii

I
I
I \i
I

it

GENERAL
WELL

CONSTRUCTION

--f- 3

It'

'i:, .
; I,

. I

-f- '

i
I .' I

I' :- ... 't . :

; I,
1\01
~

- , :z
2

_I- '2

Ii '"':~

VISUAL CLASSIFICATION
AND GENERAL OBSERVATIONS

DATEITIME

FIRST OCCURENCE:

WATER LEVEL OBSERVATIONS

Brown, SAND, fine grained.

Brown, SAND, fine to med. ,trace cobble-.

Brown, SAND, fine, trace silt and

Brown, SAND, fine to med., trace
fine gravel.

Brown, SAND, med.·to coarse, little
coarse gravel and cobbles.

}

DK brown silty .SAND, fine to med.,
(fill).

DK brown silty -SAND, fine to med.,
(fill).

-

- BLK, SANDY, vegetative matter, some fine I
..;.. gravel (top soil). .', ~-

DEPTH
(ft.)

3" sp1it - t'----.....,r-----..,..........,r-------r---------!

100

100

100

100

22. 100

29

35

20

31

-
--

I-
26.5':"-
ss _

SS

SS

SS

SS

2

NOTES

3

6

7

4

5

8

~*
I'

SAMPLING NOTES
INTERVAL RECOVERY

NO. TYPE IBLOWS %

. I

DRILLING METHODS:
Cable tool, using a
*300 lb hammer and a
spoon sampler (SS)

5_

----
10-

-----
15-

----
~--1----tI~'~.---If----l. 20-:

21.5,1- -
f--, 35 100 -I- _

25-----30_

----
1--+---n,..,~-----+---l35 -. ,I -

36.5'1- 35 100 -
I- _

-
t--;'---++---+--l40 -

--

•

• BOREHOLE DIAMETER:
8.0 in,

DEPTH
TO WATER

DRILL RIG:
Bucyrus-Erie ZZW

DEPTH
TO CAVE IN

F 204A (R 09-87)



""'"
BORING NO.: 2-1

LOG OF TEST BORING SHEET 2 of 2
PROJECT: COE-N1ROP PROJECT NO.: 1332.32• LOCATION: FRIDLEY, MN SURFACE ELEVATION:

SAMPLING NOTES DEPTH VISUAL CLASSIFICATION GENERAL
INTERVAL RECOVERY (ft.) AND GENERAL OBSERVATIONS WELL

NO. TYPE BLOWS % CONSTRUCTION

40 SAND, fine trace SILT and clay. '

'~9 37 100 I
SS 1>/'

.~
\ :;z

45 SAND, fine, some silt and clay. ~ I' ::z
I ::; Ii ,I10 41 100 I .. ,....,

"IV) c-' ..;

50 Brown, SAND, fine. :3
~~

\39 100 ":l,

~(
'-l
~

11 SS Ii:
fine. \-of ':1

55 3, 0 I/i~' t!6.5 ----------------------------------------

~
, -

95 :J I51 v
J12 SS ~

-' 0«
Brown, silty SAND, fine trace clay. ~

60
(till) ~t'

• ----------------------------------------

13 58 100

65 Brown, SAND, fine to med. trace clay. .. (l •
'-S'2, . ,

.<
:".

14 . ')}.

61 95 . v· . .
SS . .~ .. .-70 Brown, SAND, fine.

.r:.[ . . .
• w

60 95
..S' I

15 -~
SS 75 . -Brown SAND fine to med. 1S'

16 65 100
SS EOB at 75.0'

•
F·204B (R 09-87)



•

•

•

It!t!l~ BORING NO.: 10-D
LOG OF TEST BORING SHEET I of 3

PROJECT: COE-NIROP PROJECT NO.: 1332.32
.LOCATION: Fridley, MN SURFACE ELEVATION: 832. I'
DRILLED BY: Layne Northwest-Milwaukee gtI~TEo: l-?A-AA

IDATE
COMPLETED: 2-2-88

CREW CHIEF: Ross Goldbeck I LOGGED BY: R. Vaughn I CHECKED BY: BWR/9 Mar. 88
SAMPLING NOTES

DEPTH VISUAL CLASSIFICATION GENERALINTERVAL I RECOVERY (ft.) AND GENERAL OBSERVATIONS WELL
NO. TYPE IBLOWS % CONSTRUCTION

~
0 - Dark brown, SANDY TOP SOIL,

vegetative matter, trace of fill materia II'
I \1.5' ~ -I f- -- -- - (brick, metal and glass). \ :,\), ,
r iGrab f- - .: ,

t;_ Dark brown, SAND, fine to coarse, trace - ~I I: r6.5' ~
1:1 ' 1'1:- fine gravel. i !. ;, 'I

1;1,1'-
~ ·/II!.- -- -- - . ~. , ! II

2 Grab ~ - i/ :" H .~ r
10- ,)'( " :I,Dark brown, SAND, fine to coarse, trace ,I

~.
' . I' : F

fine gravel. ' ,- , I I
I; ",

11.5 ~ - I .
I ~ !I

3 .- -_. -- - - - - - - - - - --- w
1 ....

. I ~

ss .- - I-
r I'

15-
;j :a ; i! r

I
Grey brown, SAND, med to coarse. -l- e !..:l-

t' l ,I- ~
101 rt) I \ \16.5 ~ - ta ....J

4 ~ -- -- -
~ ;-SS f- - t&l
c') ~

~20- Grey brown, SAND, med to coarse, trace - &:
I ~ "- of fine gravel.

J I
"Z

21.5 .- -- -- - 0 ...
:2

5 .- - \.. r:t III".) - ~0SS I- - Ci
~

w

25- Grey brown, SAND, med to coarse,: trace .... 04 v

I - of fine gravel. ~ :5
I

!

':t 10
6 26.5~ - al .,-- -- s'

'\
~ - - - - - -- -- -- - - ILl ,I:

\l 'i;ss .- - ';,

"30- Lt. grey brown, SAND, fine to med. ... '1
~

~ - poorhigh graded ~ r!01 . ,:- - 'ii ·0

7 31.5 -- --- -
t

i
\ ,i

:- 35 - !! :,

SS II
J_

r' iiLt. grey brown, SAND, fine to med. ... .,
- ,.,

;

36.5.- poorhigh graded ,I ;
,Il; ·1- .0 I. I !8 SS -- -- I,· .,

I
.- - f( ~,.-

40...: It
~ ~ j ;.41.! Lt. grey brown, SAND, fine to med. -...- poorhigh graded :

9 SS -- -- -
NOTES WATER LEVEL OBSERVATIONS

DRILLING METHODS: FIRST OCCURENCE:
Cable tool rig using a 300 lb
split-spoon hammer and a 3"
split-spoon sampler DATEITIME

BOREHOLE DIAMETER: 8" DEPTH
TO WATER

DRILL RIG: DEPTH

Bucyrus-Erie ZOR TO CAVE IN

F·204A IR 09·87\



SAMPLING NOTES

SURFACE ELEVATION: ------

BORING NO.: I O-D

INTERVAL RECOVERY
NO. TYPE BLOWS %

GENERAL
WELL

CONSTRUCTION

PROJECT NO.: ' 111? 1?

SHEET 2 of 3

VISUAL CLASSIFICATION
AND GENERAL OBSERVATIONS

DEPTH
(ft.)

LOG OF TEST BORING

LOCATION: FRIDLEY, MN

PROJECT: r.()F-NT'R()?
,.,,"

•

l

.' .

t1 '
!: '

i I;
I!. "

I

1f---... 8't'

t-
o ':2,

~ ~S ' lU
co ~ \Ji

; ,II
I r '

;' (
! I

'i 1
" jIi 'j
:1 I
Ii

-

..
.)( .

~·tLiI' ..:2 . ".
'fIl~• III ~ ••
. t: . " ..

:J •
:\l .. ;..... ."..

med to coarse trace
gravel, and

Brown, SAND, coarse.

Dark brown, SAND,
of fine to coarse
little silt

**

! )
I-.,
I ""I ')
! '~

-t-----------.--------_--1q oS
-

I'
i ~

f-----+---1 70 - , -" ~
- Brown, sand, fine to med. ,. 1.

- w
- ';
- Iv
-75 _ Brown, SAND, med. to coarse trace of
_ cobble. ~ :A

- . /{
: Ii';

80 -_ Brown, SAND, med. to coarse, r-/:I\,i',"
trace of silt.

- * I

--
85-

----
90_

-
---

- --
-

- --
-
-

l-

I- -

I-

l

I-

I-- __

I--

~ -
I--

I-

55 ~

I--

6.5 '

5S

SS

SS

5S

61. 5

SS

76.5'
I--

SS

91.:S ,~
SS

,1.5 '
SS -

10

II

12

13

14

J 7

15

16

18

19

I/I/~/ / 45l Lt. grey brown. SA~. fine to med. - rI
46.5 ' - (J1 itt le silt. I i;,

- - 'I :'~ ,
_ -- -- II'; j

1--_t-S_S_-~_+---450 ..:1-------------~-----1- ,"rl,ili II

51.5' Brown, SAND, fine, some coarse sand,

: trace of silt. ii'" I

-- ~\ '

(till)

I---+--~,f----I---l55 ,,-
- - 56 '. 5'1- _ Brown, SAND, med. some c lay and , w

I- __ __ _ gravel, trace of silt. i l:'
,~

~: !~
~--+---1 60 - j S

_ Brown, SAND, med. some c lay and -~ cQ

_ gravel, trace of silt.

--
t---.Ioooot--~f---+---l 65 -

66.5'1 -
- -

•

•
F·204B (R 09-87



3

GENERAL
WELL

CONSTRUCTION

of

BORING NO.: 10-D
SHEET 3

SURFACE ELEVATION:

PROJECT NO.:

VISUAL CLASSIFICATION
AND GENERAL OBSERVATIONS

odor as above noted in the bottom
of split-spoon sample.

brown, SAND, med to coarse trace of +--~J~..-----I
gravel.

'---- EOB at 10 I'

*Top half of split-spoon sample contained
a petroleum-like odor after allowing
the sample to warm in the office.

Lt. brown, SAND, med. to coarse, trace 0

sandstone fragments
St. Peter Sandstone)

DEPTH
(ft.)

LOG OF TEST BORING

SAMPLING NOTES
INTERVAL RECOVERY

NO. TYPE BLOWS %

20

SS
21

PROJECT: COE-NIROP
LOCATION: FRIDLEY,MN

1--+--~:+----4---I1 00

•

•

•

F-204B (A 09-87)



•
LOG OF TEST BORING

PROJECT: COE-NIRO"P
LOCATION: FRIDLEY, MN
DRILLED BY: Lavne Northwest-Milwaukee I g:I~TED:
CREW CHIEF: Ross Goldbeck I LOGGED BY: Ron Vaughn

BORING NO.: 1 }-D

SHEET 1 of 3

PROJECT NO.: 1112. 1?

SURFACE ELEVATION: 834.6'

I CHECKED BY: BWR/ 4 mar 88

i lol
t
a

I~ I
c: I~

;-,t--
-..JI ')

:! I
t.

I I
I ,

I

GENERAL
WELL

CONSTRUCTION

- ... Iir
'1

~ ,

VISUAL CLASSIFICATION
AND GENERAL OBSERVATIONS

SILTY SAND, med., med. dense.

DATEITIME

Brown, SILTY SAND, trace of fine gravel -I- 1i
very dense.

Brown, SILTY SAND, med.

Brown, SILTY SAND, med.

-

DEPTH
(ft.)

50

100

90

I-

I-
200

f--:B'
I--

50
1:"5 '

I-

f-

I- 150
f- 1:0'

2 '

31. 51
f-

SS f-

SS

36'

SS

SS

SS

Grab f

I-

~ --
Grab I-

7

6

2

8

5

4

3

SAMPLING NOTES
INTERVAL RECOVERY

NO. TYPE BLOWS %

NOTES WATER LEVEL OBSERVATIONS

0' _ Dk. Brown, SILT, trace of fill material
- (top soil).
--

5' ... Dark brown, SANDY SILT

----
I---+---~I---+_~ 10 '_11,.2 VlhJ.! Dk. brown, SILTY SAND, med. to coarse,

~ - some coarse gravel, dense trace, clay
f- 200 85 -
I- TI' --

1--+---+=1----1---1 15 '-
~ Brown, SILTY SAND, coarse, trace of

15.8 ~ - gravel, dense

DRILLING METHODS: FIRST OCCURENCE:
~able tool using a 3' split-spoot
sampler wla 300 lb. hammer ~--------~------------~------------~----------~

--
1---I----1d---+----f 20 '...

26.9~ -
.- -
.- 200 100 _
1--:9' _

I--...--f---+.w"""·''4+----1--1 25-
25.9~ -

.- -
100SS I-- 90 -_ .9 _

30'----
35:": Brown,

----
40~

--I/V~IVV

•

• BOREHOLE DIAMETER:
8"

DEPTH
TO WATER

DRILL RIG:
Bucyrus-Erie ZOR

DEPTH
TO CAVE IN

F 204A (R 09-87)



(

(1

: .

i., I

-3

_. I

: i
II
I

Ii
I i I

" i' :
. I

I :!
. i

'1
I
· I..

..:

,..
o

ro-
3
l:l

.,

I
i I

~I !

...
2

~
-.).

I 1
-- \i i

,

-

--~ ')

Jj
I ,

SHEET 2 of 3

SURFACE ELEVATION: -----

BORING NO.: I I-D

PROJECT NO.: 1332.32

SAND, med., well sorted.

Brown, SAND, med. to coarse,
gravel, low dense, little.

----
.;,..

90"-- Brown, SAND, med, dense.--
--
----

to coarse, trace

- :..
60- Grey Brown, GRAVELLY SAND, med. to coarsQ.- e

--some fine gravel, poorly sorted, dense.

-
55'-

_Grey Brown, SAND, med. to coarse, trace
_ of fine gravel, trace of silt med. dense.

-

LOG OF TEST BORING

IJO

100

100

80

80

100

75

75

145
.9' 90-

-

--

--
-- 150

f- 100
SS -1-'-

f-

f-

f- 110
SS _ -1-'-

-

--
-- 105

SS -- -1-'-

.-- 125
SS -- -1-'-'

--

5S

60.9

51 '

81 '
55

90.9 f[4J
-

56'

86.5 f- 25
SS f- ~5'

f-

76'
55 f- 75

f-
I'

f-

46'

13

17

15

I J

18

10

16

:12

9

19

SAMPLING NOTES DEPTH VISUAL CLASSIFICATION GENERAL
INTERVAL RECOVERY (ft.) AND GENERAL OBSERVATIONS WELL

NO. TYPE ~B;.:L.::;O,:,:W~S+-_%:':-+":"T"I""_-+- -t-.;;.C.;;.O_NTST_R_U~C::-T_IO_N-;

41' '+u _ Grey Brown, SAND, fine to coarse, trace
_of silt, trace of fine gravel, med. dense \

.. 14

1fWT'"
LOCATION: FRIDLEY,MN
PROJECT: COE-NIROP

-- 55
SS -- -1-'

t---+----+~+----+----,j

7 I '

-
t---+---+~".+---""'---l 80~ Brown,

f- 100 _
f- I' 100 _

f- --

----+---i 85"-- Brown, SAND, fine, low dense.--

•

•

•

F 2048 (R 09-87)
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2.0'

'So

1/(,' .

( 9-87)

1tMT·· BORING NO.: 11-0
LOG OF TEST BORING SHEET 3 of 3

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

SAMPLING NOTES DEPTH VISUAL CLASSIFICATION GENERAL
INTERVAL RECOVERY (ft.) AND GENERAL OBSERVATIONS WELL

NO. TYPE BLOWS % CONSTRUCTION

95.9 95' Brown, SAND, med. to coarse, dense.
\- Al ·.- 140 - lw rSS I- -:9' 80 -20 t l Ii:'.- -100:- -~ §

10 I' ~ - Brown, SAND, med. to coarse, dense. ~I ,
10- 160 - I

'":' I-1-'- ~ .~
,

SS I-- 80 -21
or) ~ :

10- - :-- ,
I05~ ) -,<) I

-~ .....,
.I

·
106' - Brown, SAND, med. , dense. ~ IIJI I ~ !

' .
f- 109 - I Cl. i 190 , l[)' I

SS I-- -1-'- - .' ci.', 1. i
22 ' ~ r

j

f- - I .

; .1.:2 · I

110~ ... I

~
... 3: 0 I- Brown, SAND, med. trace fine gravel ri

~ i
~: -

dense. I
I-- 105 80 - 1&1.

~ :'1 I\Ii

SS I- -1-'- - --_..

~23 I- - ~ ~ .
i

115~
Brown, SAND, med. trace fine gravel, dens ~, /

_.." -
.. - - ft

116.5 ·I--
80 .- . ·

24 135 · . ·- - · .
SS' TI' .. . ·- - · . · · .

. ·121 J. 120 \-00. -' . . -/
Brown, SAND, med. trace fine gravel · O. · .- ·dense. .~ ·

25 - ·120 - • od. : · ..
80, · Y- ·- TI' - . .

SS '.~' · . ·
- - · t· ·

.. _-

tf'a
125- Brown, silty SAND, fine to med . - .· . ·- • oJ • .. .

126' w .
26 .- lOS - · !J. ·90 .

I- -1-'- - ·u:.: · .- ·SS · ..- - :

130-
..

~
Brown, SAND, med. :to 'coarse, some . ~

-= .... ' . ·
130.9 fragments of sandstone (St- Peter

I~
I-- 130 - ~andstone)

27 f- .9 90 -
f- 135' -

\SS I-- -
I-- - EOB 130.9 '
f- '- at

I-- -
f- -
I-- - -
f- .-
I-- -
f- -
I-- -
f- - -...
10- -- -
- -
- -

F·204B R 0

•

•

••



GENERAL
WELL

CONSTRUCTION

i/
I .">

I ': Ii-j

e iii I~

~ r-
,.
I.:'

I c. !' '

~ I I
.." -- I:'

I-'
j l"I)

')
'--' \ C)

~
~

'"'
-3

fJ 1>0.... Ii \"

,..
'2 3

3 0 ~

:z: !lI ~
tl ;

)/

rM
v

; l" I '5
II)

"'...
..~ 1M

'..,
r.

II~

coarse

PROJECT NO.: 1332.32
SURFACE ELEVATION:

BORING NO.: 12-0----:-------.....jSHEET 3 of 3

SAND, med. to coarse.

VISUAL CLASSIFICATION
AND GENERAL OBSERVATIONS

SAND, fine to coarse
fine gravel.

Brown, SAND, fine to coarse trace
gravel.

'---- EOB at 130'

Brown, SAND, med. to coarse, trace
fine gravel.

Brown, SAND, fine to coarse.

Brown, silty SAND, fine to med., coarse
sand, trace fine gravel little, trace cIa

Brown, silty SAND, fine to med., coarse
trace fine gravel little, trace

DEPTH
(ft.)

LOG OF TEST BORING

SS

55

SS

55

96.5

SAMPLING NOTES

22

19

20

INTERVAL RECOVERY
NO. TYPE BLOWS lIil

21

,.". ..

PROJECT: COE-NIROP
LOCATION: FRIDLEY,MN

• 23 SS

121.
24

SS

126.
25

SS

131.

26
SS

•

•
F·204B (R 09-87)
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•

•

.,.'" BORING NO.: 13-D
LOG OF TEST BORING SHEET 1 of 3

PROJECT: COE-NIROP PROJECT NO.: 1332.32
LOCATION: Fridley, MN SURFACE ELEVATION: 833.3'

DRILLED BY: Layne Northwest - Milwaukee DATE 1-29-88 IDATE 2-8-88
STARTED: COMPLETED:

CREW CHIEF: Dick Hornburg I LOGGED BY: Ron Vaughn I CHECKED BY: BWR/3-L.-88
SAMPLING NOTES DEPTH VISUAL CLASSIFICATION GENERAL

INTERVAL I RECOVERY (ft.) AND GENERAL OBSERVATIONS WELL
NO. TYPE IBLOWS ~ CONSTRUCTION

~ * - Black, SILTY SANDY CLAY, and fill ; ,..

i' !

- materials, soft , \
1 Grab

, ,
I- - - - I \

I I

I- - -- -- - - - - - - - - !

5'_ ,
1

-~

I'- ...!

2 Grab- - - - Light brown sand, fine to med. ; I.. i- - ,
I ,.- - I", :

; I'

10'- ' '
-~ :

~ - ~
i
I- ':t ,

I--
--,;;;. {) I

3 SS 35 80 Light brown SAND, fine to med. §-
,

I--
15' -

~
-~

,..... \'- m ri16.3' -
~~

- !
f- - if(l i /'

4 SS I-- 38 95 - Light brown, SAND, little fine gravel' I 'j(l

I
I'l-- -.!

f- - J
20' u.' l''- -~ I

21.5 ' ~
0- ::,....- \""' -

I-- ~ j 6- , :I:
5 SS 82 95 Brown, SAND, med to coarse, some C'

()

:2 CiI-- - r;.
f- - coarse gravel

~ 0 .s
25'

-n\
fll ; i

26.5'~
- ... - ,: t-'.

" ~:- ~ )C : LLJ'
W

j ~iI-- - . 1,· u
6 SS 88 60 Brown SAND, med to , 5~ - coarse, some coarse i w' \.ll

f- - gravel V\ ' CD

.30'_
-: ," I

31.5 ' - I

Iii!.. f
f- - I

7 SS 85 80 Grey brown, sand, fine to med. f;
I'

f- - .; I
I--

35'-:
trace of fine gravel

L i ;

-f- !
,

J

36.5' - Light brown, SAND, med to coarse. I
I-- .. I I

8 SS f- 83 90 -
f- - (Trace fine

.-
@37' ) ;('0' gravel !

L.h5'~ 1~g~
" - - I' ,

9 - Dark grey, CLAYEY .SILT, dense100 \\ ~\ i-
NOTES WATER LEVEL OBSERVATIONS

DRILLING METHODS: FIRST OCCURENCE:
Cable tool w/Split Spoon (5.5.)
Sampler
pOOlb. Hammer and 3" Split DATEITIMEpoon

BOREHOLE DIAMETER: DEPTH
8" TO WATER

DRILL RIG: DEPTH
BUCYRUS-ERIE 22R TO CAVE IN

F-204A /R 09-87)



SAMPLING NOTES

SURFACE ELEVATION: ----

SHEET L of 3

INTERVAL RECOVERY
NO. TYPE BLOWS %

GENERAL
WELL

CONSTRUCTION

PROJECT NO.: 1332.32

BORING NO.: 13-D

VISUAL CLASSIFICATION
AND GENERAL OBSERVATIONS

LOG OF TEST BORING
,.,., ..

PROJECT: COE-NIROP
LOCATION: Fridley, MN•

':
\

1.
"

I '.

, ,

I

;.

~. :
':

i~ .
! ~',:

i "'i
I ,I

.,
\ :!

i

~, :r .
, IJI I.: \oJ:
,

,
: ,:

\
~
oJ'
.)

I o·
I tll

-.9'

\ \ "" !i
I ;

,;,Ii

\I'
\ :
, ,
, '.

1'-__+-&4'

o

: \
i ,

I' ,

I,
. "

I--
_au."iIlW"

In.
1-

--

- I

I,ll

I "
: : 1

-,..: : I

~i
1'01

. -'
J. "tC')

....J

coarse

@68.5

@.... '
See page 1

Brown, SAND, fine

Brown CLAYEY SILTY SAND, little
gravel, dense

Brown, SAND,med to coarse

Brown SILTY CLAY, trace coarse sand,
trace fine gravel v:

@55.5' ! ;!
Dark grey, SANDY SILT, .l1tt.le fine sand ~\ \ \
uniform J
Brown SAND, little clay @56.3 w

't
2

-I- ~

3
10

-70

80

80

80

IDOl46.5

SS

13

11

10

12

14

15

16

17

-
-
-
-

t--+--+'~---+---l 85'_
86.5 ~ 1901 -

I
18 SS I-- 1.5'

I-

-
-60'

/--+---iI7;':'t--~---l -
61.5 ~ 1901 -

I-- -SS I-- 1. 5 '90 _

-
I--+-----i:~---+--_I 65'_

66.6~1801 - Brown SAND, fine to med.
~

SS ~ 1.6'
I-

I-- -

I-- -

I- -

I-- -
~__....-_~ 45 '_

-
I-- -

.6' 100
I-- -

I-- -
I--+---;;d----+--_I 50 '_

51.51. 2001 -
1--, -SS f-.5 100 _

-
I-_-I-__"""",+-__+-_~ 55 '_

56.512001 ._~
i--

SS i-- 1. 5'
I--

Brown, SAND, fine to coarse
Trace fine grave 1 0 @89' ., . .0:.000

._. C" 0 '
- • :I" .' '::l. •

-I- - - - - - - - - --- '. ~ • " ~ .
90' ,

t--+9-1-.-5-+,Wj"'·+2-0-2-1--"";1---1 -= Brown, GRAVELLY SAND, little cobbles, -<~:1;~~~ {:: >-~(j'
19 SS ~. 3' 50 - trace sandstone fragments : .~:. _I :.': ;'"

~ - .r.' 0,
I- _ ' J.. .' ~.

95 ' . - . -',• ,\I". • .... :
F·204B fR 09-87)

-
-.--. -- -- -- -- -- r- . ~

I---+--tmt---+--~ 70' - - i ~
71.5~1801 - ; ~ j

I-- _ Brown SAND, med to coarse, trace fine! 0

SS ~ l' 80 =r-g:vel, ~a:.o=-cobble~ ' §! :
t--+--~+---+---l 75' - In'" ' ~ ( .v

76.5 ~ 2001 - Brown, SAND, med to coarse ,IJ ~
~ - \SS _ 1.5 80 _

- -
1---+----1~--_+-__180' -

81.512151
I-

SS I- 1.5'
I--

•

•



GENERAL
WELL

CONSTRUCTION

'~"I".... 0 •••

~,:i·.~.··: ,;
"w", ' • '.,
.!j .~,..

u: . , .'. -~/OO

-

1---=--':'".......' _ ......-t tOI

--

-

SHEET 3 of 3

SURFACE ELEVATION: _

BORIN~ NO.: 13-D

PROJECT NO.: 1332.32

E.O.B. 101'

VISUAL CLASSIFICATION
AND GEN~RAL OBSERVATIONS

Brown, GRAVELLY SANn, little cobbles,
trace of fragmented sandstone.

Yellow brown, SANDSTONE, soft, w~ll

sorted, fine to med., trace med sand.
(St. Peter Sandstone)

--------
----------
-----------------
------

DEPTH
(ft.)

LOG OF TEST BORING

r-
t--

-
r-
I'-

-,-I'-
t-

-
--
I'-

I'

r-
t-

t
r
r-
r-
t
t

I

r-
t

t

r-
r-
r-
t

l
I
I
r--
-
-
r--
I-
-
-
l-

I
t--
r0-

t--

SAMPLING NOTES

Grab

96.5'~ 20~/
SS ..... .8' 40

INTERVAL I RECOVERY
NO. TYPE BLOWS %

1Wl"
PROJECT: COE-NIROP
LOCATION: Fridley, MN

20

21 ---
-OS'J...----.,f--H--t-'-1 - ----

•

•

•
F·204B (R 09-87)



LOG OF TEST BORING

PROJECT: COE-N1ROP

SHEET 1 of 2

BORING NO.: 14-D

SURFACE ELEVATION: 835.3'
PROJECT NO.: 1332.32

I CHECKED BY: BWRI 4 Mar 88
1 II_SlSl Ig~IfpLETED: 1-20-88I DATE

STARTED:

CREW CHIEF: Dick HornbuH I LOGGED BY: Ron

DRILLED BY: Layne-Northwest-Milwaukee

LOCATION: FR IDLEY, MN•
·11

,·1
. I

~-l

, , i
:i;" :
. I ~ .; , :,
d
/1,
i. ",\ ;'
I:

I (\r :
I .
) '(

GENERAL
WELL

CONSTRUCTION

VISUAL CLASSIFICATION
AND GENERAL OBSERVATIONS

DATEITIME

FIRST OCCURENCE:

o

DEPTH
(ft.)

WATER LEVEL OBSERVATIONS

-- ! ~

-- (No samples collected 0' - 30' \.\__ . , see log !.rj
for 9S and 51) .,

30 -: Brown. SAND. fine hi iI
__I

--
!: p
i I ::_-. __..\ I

35 Brown, SAND, ~lne . /.

:: \ ~.
-- \ ~!,L...

-- ~3
40- Brown, SAND, fine to coarse, little.fine-i. c:a.

-- gravel i ~
-- ~ ~,t,

-- II '-

-- I\! 1
4 5 --t--;B:-=r-=o...:.:w...:.:n~,~G:::RA~V;:;;E::;;L:=L~Y:-:-:;S~A::-N.:.D~',..,....:..f..:i_n-::e-=-=t"":l0;--c-:-:o~a..,.r.."s""e"';'=----.L7; \oJ:

-- Brown, CLAYEY SAND, fine sand, unl!Orm I{ ':Si.

-- r ~\.: :: "\
50-~ 50' Drilling methods changed fro;;;-j +i ~1

: hollow stem augers to cable-tool ri~ i\ ~: ..J.

5~ Dark red hrown, CLAYEY SANO. fine sand. +1, ~r ~
__ Brown, GRAVELLY SAND, fine to coarse,
__ ·trace of cobbles.

-
5s- Ban, SAND, fine to coarse, trace

-- fine gravel
-=~
_I ~Change to hard drilling --------1
- at 56.8'

60_
. 
-

70

80

10

40

80
SS

SS

46.:1
I--

I--

~

NOTES

I--

I-- -

f-

I--

SS f--

31.5 ,~
I--

SS -
-

SAMPLING NOTES

rl/iol
55.5'-

-
SS· 

I--

. .If#j
4 I. 51114

f-

I-

I--

INTERVAL RECOVERY
NO. TYPE BLOWS %

4

3

2

6

DRILLING METHODS:
Hollow stem augers to 50'
cable tool after 50':

wi 3" split-spoon sampler using
a 300lb hammer.•

••

BOREHOLE DIAMETER: 8" DEPTH
TO WATER

DRILL RIG:

Bucyrus-Erie 22R
DEPTH
TO CAVE IN

F·204A IR 09·87)



IWT" LOG OF TEST BORING
BORING NO.: 14-D

SHEET 2 of '2

-f-

J-------rl'd

EOB 97' -------1

-.
. ..'

..

..
. -80

·· ..

-.
° \

· .

· ..

· ..

GENERAL
WELL

CONSTRUCTION

· .
· ..

)l
oJ'. .{.

• to.

-.
'0
:2'

-f-' d •..,.,.

-..... ~.

:'~ .
OJ. u: .

at 93'

• FII..'TtR. ',.
PAC.~ 1 0. -

. ~""uD ... ",-- . .. ·some gravel ..'

SURFACE ELEVATION: ---

PROJECT NO.: 1332.32

VISUAL CLASSIFICATION
AND GENERAL OBSERVATIONS

-

--

at 88'

Brown, SAND, fine to coarse,

Red brown, SAND, fine to med., trace
of fine gravel.

Redish brown, SAND, fine

Red brown, SAND, 'fine to med., trace
of fine gravel.
Yellow brown, SAND, fine.

------------GraveIIy-SAND--------------- .:
-----------------------------at-90T -----.I-· ..
Red brown, SAND .
med. to coarse, some clay, some gravel.

-

--

-

DEPTH
(ft.)

65-

----
70-

-

60 _ Brown, SAND, fine fo coarse sand, trace !_
silty gravel, track of clay, trace cobbie~\' ;

,).1 i'_ (till). (Very hard to drill in.) ',"'!
\ I I.

Brown, Silty SAND, fine to coarse, trace-~ 1
I~coarse gravel (till) ~

" 0

!\~I -~

Brown, silty SAND, fine to coarse, trace ~;~I ~
coarse gravel, trace cobbles (till) ~I ~

I lU I
1\~I;@73.5 . l!\'

60

50

-
-
-
-
-
--
-
---

-
f

~

-

86.5
-
- 196

5S - TI'

10

12

11

14

13

-
t--+--++-----t---1 75 -

76.4 ~- -
..- 200 -
fo- TI' 100 _

SS ~ -
1--+--+:+--......---180 -

81.2~ ,.-

- 100 -
- 200 -

SS -""1"":2' -__-+-_-1 85 _

---.....
.--o+---e+---+----I 90 -

90. 7 ~ -
fo-

- 200
ss - -:=f' -

t---+---4--0~~----I----t 95 -
95.5- -

~ -
- 200 ..70 -

SS - -:5' -
t---t--+-+---+--1 100-

--------------

PROJECT: COE-NIROP

• LOCATION: FRIDLEY,MN
SAMPLING NOTES

INTERVAL RECOVERY
NO. TYPE BLOWS 1MI

60.3 I"'"
~

~

7 SS
f- -- 100
~

65.5 W"
f-

~
200 100

~ :-:5'
8 SS ~

~
..- 100
fo-

9 SS f- --

•

•
F·204B (R 09-87)



••

•

•

1tt61~
BORING NO.: 5-PC

LOG OF TEST BORING SHEET I of 4
PROJECT: COE-NIROP PROJECT NO.: 111? ':\?

LOCATION: FRIDLEY, MN SURFACE ELEVATION: 832.2'
DRILLED BY: Lavne Northwest - Milwaukee DATE IDATE

STARTED: COMPLETED:

CREW CHIEF: I LOGGED BY: Mark McColloch I CHECKED BY: BWR 9 Mar. 88
SAMPLING NOTES

DEPTH VISUAL CLASSIFICATION GENERAL
INTERVAL RECOVERY (ft.) AND GENERAL OBSERVATIONS WELL

NO. TYPE BLOWS IN CONSTRUCTION

~
U

0 Black, SAND, fine to med. some to little-1

~
2 - fine gravel, trace of silt and clay,

WS 3 - plant roots.

2 ~V -
~r

5_ Brown, SAND, and GRAVEL, med. to coarse .,

~
5.5 - pieces of wood.

IJ- -'3 WS

~
- 3 I I:- -~~

I ....
V9.5 I I:~ 10-.",.-

:2 10.5 )- J J- "" -.I
3

4 WS

~
Brown, SAND and GRAVEL, med. to coarse, ~- ~

v 14 . 5 - Ei~£~~_~!_~~~~~_________________________ Co
~

15-./' 15.5 --
~ - Light ·brown, SAND, . fine to coarse .

-5 WS

~
-

1/19.5 -
.J

20-,/ -I- ,...
~ 20.5 - 0

~ - Light ,brown, SAND, fine to coarse. -
6 ~ \-·WS - 2 ~

J

~ - ()

L.--25.5 a.
25- l- e! ~

/' 1/ 26.5 ~ ,J

~
- ':Z ~ ~- Light brown, SAND, fine to coarse. ~

~ ~ 3 C>

~
() 3 ~ ~

tJ.
7 WS - It ~

~

....30.5 30 - "l v j \I ...
,/ r./ 31.5 '- I- I " ~I :;

~ - .... ..,
::2 ~- Light brown, SAND, fine to coarse. ... ...

~
~ \J

8 WS - III
\J

V35.5 -35_
./ / 36.5 I-

~
- Light brown, SAND, fine to coarse.-

b-' - 38'
9 WS ~

More coarse sand and fine gravel
~~n.5 -

4~
./

~
41.5 ----

NOTES WATER LEVEL OBSERVATIONS
DRILLING METHODS: Mud rotary FIRST OCCURENCE:

grab samples composited of wash
cuttings over 5 ft. intervals.

DATEITIME

BOREHOLE DIAMETER: DEPTH
8" to 6.5" to 3" TO WATER

DRILL RIG: TH-bU: Well cas~ng Gus DEPTH
Peck Bratt 22R: Rock Core TO CAVE IN

F·204A (R 09-87)
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•

""""
BORING NO.: 5-PC

LOG OF TEST BORING SHEET 2 of 4

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

SAMPLING NOTES DEPTH VISUAL CLASSIFICATION GENERAL
INTERVAL RECOVERY (ft.) AND GENERAL OBSERVATIONS WELL

NO. TYPE BLOWS % CONSTRUCTION

~
14U - Brown, SAND, Med. to coarse, trace

- cobbles.
10 WS -

- I
~

45 - -
~

Brown, SAND, med. to coarse little- silt and clay.

~ -
II WS - 49

~ No clay present at 49' Il-
SO -

.~

I h.~ - Brown~SAND and GRAVEL, med to coarse, r I~ - little silt and clay. oJ

WS :J- .)
~

~
:! ~

12 - '" \l
(

i- " J

55 - Brown, SAND, some clay and fine gravel. -- ...

~
:l

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

iD
~

13
WS - CD

i
60' - I

I
,./ - ... I

",-

~
I- I- Brown, SAND, some clay and fine gravel. I

14 - 63' to ;WS }-W 6
.J. v - Clay becoming more abundant. b/ ~

65 - ... ~ -S~

~ - I- I~- Brown, SAND, some clay and fine gravel.
~

,...
0 :5

15
WS

~
- ~- IJ -:

""l- I-
I~""" 70 - Brown, SAND, some clay and fine gravel. . J J....

l~ 0

~- ' 72' r1 .3

~
':l

~
- }7JT Clay becoming less abundant. ;.
- ~

16 \I
WS

~V - I-- to. l-75 _ Brown, SAND, med. to :t, .J
~coarse, - -I....

~ little Iol .... l.l- fine gravel. '! 'J ~

~
- lJ 101

\J -J
17

.. -
WS

~V -80 _
!-'....

~ - Brown, SAND, med. to coarse, little

~
- fine gravel.
-18 WS If -V

./If
85 - .1-

- Brown, SAND, med. to coarse, little

~
- fine gravel.

19 WS -
~ I- -

/ bL 90 - .
- Brown, SAND, med. to coarse, little

WS ~
- fine gravel.

20 -
72 v 95 -

F·204B (R 09-87)""



r-
:
V....
J
:l
;.
.(
\l Q)

'2

:l Cl

~I&l
] S

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

~
D
~_... .,.

~
0.
'2
<
VI

~

to'
~
IAl
~
IAl
U

GENERAL
WELL

CONSTRUCTION

r" I~.,
:2 '':1.. "."C -<\l \J

-~

i.J J
.J .J

101 ...
:J 3
•
III ~

- ...
§~

';) "aI
to'" '::2

~ ...
:2 ~-f-~ ~
~

.

and white

BORING NO.: 5-PC

SURFACE ELEVATION:

SHEET 1 of 4

PROJECT NO.: 1332.32

VISUAL CLASSIFICATION
AND GENERAL OBSERVATIONS

DEPTH
(ft.)


'-

140-.. Reddish brown, SILTSTONE,
_ SANDSTONE/SILTSTONE.

-
145 -

-
10~

-_ Yellow brown, SILTSTONE.

-
-

IIQ...8" casing grouted. Begain 6.5"
_.-..... borehole.

--
110 -

-lYellow brown, SILTSTONE and greenish
-grey siltstone.

1:12 0

LOG OF TEST BORING

G

G

G

IWI"

INTERVAL RECOVERY
NO. TYPE BLOWS %

SAMPLING NOTES

22

24

21

27

25

PROJECT: COE-NIROP
LOCATION: FRIDLEY, MN

28

3:1

32

30

29

'~f -
1-2_6---1_G~"",'-f~I-V_t-~ , I '1~ I-

...-- !.J. -Yellow brown, SILTSTONE and greenish

G ~ =~rey siltstone .

• j v 120.-
...--,

G 1ft -rn -ilellow brown, SILTSTONE and greenish
Ih -~rey siltstone.

fn v 12":
/~ -

G ~ - Yellow brown, SILTSTONE and greenish
~,~ - grey siltstone.
1/-1""'" 130 -

~--~---...--~~----~---1 '--- Tan, SANDSTONE/SILTSTONE, very fine-
111 -

•

•

•
F·2048 (R 09-87) J,
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•

•

,.". ... BORING NO.: c,-pr
LOG OF TEST BORING SHEET 4 of 4

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

SAMPLING NOTES DEPTH VISUAL CLASSIFICATION GENERAL
INTERVAL RECOVERY (ft.) AND GENERAL OBSERVATIONS WELL

NO. TYPE BLOWS % CONSTRUCTION

33 ~
14:>_I'eddish brown, SILTSTONE, and white,

G - SANDSTONE/SILTSTONE.
l- I- -150_ t-

G - Orange brown, SANDSTONE. White, . ,...
34 - SANDSTONE/SILTSTONE. 4

.;- ':- ...
V 155_ .....

-I-

.. rA - oJ
Orange brown, SANDSTONE. Wh ite, "2

- SANDSTONE/SILTSTONE. - ;;.
•- u

""". - J
1') r. oJ

160- -- ..,
..- ~

I1f -
36 V -

/ Yellow orange brown, LIMESTONE, l- ... -
- interbedded with siltstone, fewRock fl. - interbeds of sand, fractured, vugs I- !Core - lined with chalcopynte, pyrite, and III ()

"': '" ":l- oJ

calcite. 0 '% ..
l- S ..

~
- '"

.,.
'-I ..

- 1: ':l ~

..:. ... .J
190- ll.

l- e
I-- -

~EOB /
--.-

- -
- -
- - at 190.5'

--: - l-

I-- -
t-- -
I-- -
I-- - ..

I-- - - -
I-- -
t-- -
I-- -
I-- -
I-- - l-
I-- ...,.
I-- -...,. -
I-- -
I-- - l-
I- -
I-- -
t-- -- -
I"""" - -l-
I-- -
I-- -
t-- -
I-- -

F-204B R 09·87



•
LOG OF TEST BORING

PROJECT: COE-NIROP

LOCATION: FRIDLEY, MN

DRILLED BY: Layne Northwest-Milwaukee I ~:Z~TED:
CREW CHIEF: Ross Goldbeck I LOGGED BY: R. Vauohn

BORING NO.: 12-D

SHEET 1 Of 1

PROJECT NO.: 1332.32
SURFACE ELEVATION: 834.9'

1- 18-88 1g~1fPLETED: 1-22-88
1 CHECKED BY: BWR! 9 roar 88

SAMPLING NOTES
INTERVAL RECOVERY

NO. TYPE BLOWS %

DEPTH
(ft.)

VISUAL CLASSIFICATION
AND GENERAL OBSERVATIONS

GENERAL
WELL

CONSTRUCTION

i
I I

I

I
i
I

I
I

i

!
Ii,
I I :

i \i'
, : \1,

1.1
~-,

uI
L

o

\ :
~I~

\
I

--

-- ~

~....
\J

~
6
l'"
':2
\J

med to coarse, trace - ... ~

-
-
-

20-::.Light grey brown, SILTY SAND, fine

---25- Brown, SAND, med. to coarse, trace of
_ fine gravel.

---
30-

-
_ [0% recovery after 3 attempts]

-
-

35- Brown, SAND, med. to coarse, trace of
_ fine gravel

--

--
15- Light brown, SAND,

- of fine gravel.

- Brown, SILTY TOPSOIL, trace fill
~ material (brick, glass)
-- ,

I

5 - Light brown, SAND, fine to med. trace of-I-~

- clay and silt iI, I
- ----------------------------------------- II I
: 'I

10- Light brown, SAND, med to coarse, trace -- I
- of fine gravel.-

I-

I--
SS ~ __

~

36.5 'ti
I--

SS

16.5'
~

~

26.5'~

2 I. 5'----

SS

SS

6.5 '
~ -

Grab I-
~

SS '

7

6

5

3

4

2

-
t--+---++------4----I 40 _

I :

•

•
NOTES

DRILLING METHODS:

Cable tool rig using a 300lb
hammer with a 3" split-spoon
"<>mn ,'",,.

FIRST OCCURENCE:

DATEITIME

WATER LEVEL OBSERVATIONS

BOREHOLE DIAMETER:

R"
DEPTH
TO WATER

DRILL RIG:

Bucyrus-Erie ZOR
DEPTH
TO CAVE IN

F·204A (R 09-87\



F·204B (A 09-87)

BORING NO.: 12-0""" .. LOG OF TEST BORING SHEET 2 of 3
PROJECT NO.: 1332.32PROJECT: COE-NIROP
SURFACE ELEVATION: -- -LOCATION: FRIDLEY.HN

SAMPLING NOTES
VISUAL CLASSIFICATION GENERALDEPTH

WELLINTERVAL I RECOVERY (ft.) AND GENERAL OBSERVATIONS CONSTRUCTIONNO. TYPE fBLOWS ~

4 \.5 40 _ Brown, SAND, med. to coarse, trace

- of fine gravel.-
ISS I-- -- -- -

I ..:,8 I-- 45'- ,:j:t--- Brown, SAND, fine to coarse
~ i I.46.5 - trace of fine gravel. Ii.

!- - I:'-- --
!- - I ' ,9 SS

I· I- ,

\,i
!-

-~
t>O' _

fine to med. ,jBrown, SAND, I

,I'
5L5 - trace of fine gravel. i

\1If- -
!

,I-- --
r(, ,10 SS f- - : " I',1,1,f- -

I ' : 1\'
5' - li.ttle - ;

'\ I

~
Brown, SAND. fine to coarse, i ; : I .~56.5 -" fine gravel.

IV 1'\
f- --- --

I '!- -SS -_ ..

I ;1I f- -
I ..0'- 1itt le fine -l- I I,·

~
Brown, SAND, coarse.,

I "61.5 - " ! 'Igravel.
!: \::i- -
~ ,.... 'j .-- -- e I .j.~ -

0SS =
\ "

12 - to!

,~
I--

cg -5'- Brown, SAND, med. to coarse, -~

~
p

little fine gravel. ~ I') \il66.5 -
I'Q

-....J- - ........-- --
J \oJ13 - -

ll..SS
f- - ~ ...70'_ Brown, SAND, med. - ,..

Jto coarse, .,.
7t .,

7 1.5~ - little fine gravel. ~ () Q/
~ r:J. ~~ - -

14 -- -- - ~ )/ ..I--
';J v

~
SS !- - .... <

':%: -J ~75'- Brown, SAND, med. to trace - w co
~coarse,

\)- of fine gravel.76.5 _ -15 -- -- -
.f

l""-

SS ~ - Brown, SAND, Fine to med.
80'- ~;' \

f!~ -
!rri!

8\.5 - ~ II-
, I- - !
;16 SS \ 11:

II
I""- -- -- - !Brown, SAND, fine gravel. 'I:85'_ coarse, trace

I- \:'! i
"86.5 I I-
! lI- .

II--
I

SS I-- - L I17
"

,
II: I ..f- -- -- - I ;,..90'_~rown, SAND, coarse trace fine gravel. I,' ",,' ;

91.5 '~ - \'\ l.I,;
ii!- - . \

, {' \

' .\18 SS - -- -- - I : \
I II""- -

•

•

••



•
.-

V.ll ~~al"'.
r.17 tI I I -85)

paOJu:T IlAIIE. ~J i~!..!::D::...·.:...P _

IItLL 1l0. ;\/iV) 2 1-$
DATI 1IlS'ULLU I ::. -I i...' "' 'i:;7

110. ,'3:52.. )2

.,

.;) i4eS
REKOVED ~4D~, .., i

J

40PIPE. SC!ltDULE

A) TYPE.OF PIPEs

""C i rTf XL' [55 IrE' OS. o:rwu

C) APPROXlHATE VATER VOLDME:

1) CASIIiG DrrAILS

2) WELL DEVELOPMEIiT

B) TYPE OF PIPE JOll,'S; : ~':>', lE.Fl..LloJ
, __..._C~

COUPLINGS. fTlfr.U:ltD (\InAPt! )j OTHU _

C) WAS SOL\"£I\T UStDt l'£S-efto"~)

D) TYPE OF WDoL SCRttN:

PVC.lSTAIt'l.tSS) TtfLoli. OTHtR _

E) VtLL SCREEN SLOT SIlt: -:..••....:D=...J.:1D=_·· _

F) PI?E DlA: 10 IN. 2..:.:...- 00 IN,~

G) 1I\STA.LLtD PROTtCTOR ~I!,E V/LOCKt ~ OR NO

PROT£CT'OII PIP! DIA~Il,tzc51

OTHER - _

A) METHOD

IAILINC.~UHPlIiC, S~CINC.lcOKPRESSED AIR

(HOTE ADDITIOIiAL CO~~EHTS BELOW)

ADDED _

D) VATU CUUTT lEFOR! DEVELOPKENTt

CLLU, TuUID,ro-PA~

E) VATn CLUITT UTEJl DEVELOPMENT'

( ~JsLICHTLT T'OU1D, T'OI.IID, OPA~OI
NTu..= i.e ~E.8 7-S-I,.'

F) OIlOU us oal~

3) VATU LEVEL StlKKAaT

A) DEPTH nOll TOP OF CASING UTEJl DEVELOPIlEHT'

35 'FT.

==FT,

FT,

PEPTH tROK
CROUND SURFACE

FT,

.G-- FT,

.'
"

",

BOF.EHOLE

DIA. "-!..CL.. Ill.
"

~ 14,; .n,

f2' l1e..- FT,

~:.

4 16 FT.

20 FT.

'.
.'.

.~

::
,~

-,

.,'

~-7).. 1/e,Ar. c..:..\CtJT
BAcr:rILL METHOD

FILTER PACK
KATEilLAL
if.:> .;.lJJr .::"'::!l.oJ~

: '-"I'i-,-:C.<'\~i \
e ,

SILICA SAIiD

SU' "'TElilftL

8I:1lTO",n
.e rl1 A"/CI' NUbrAA/P9WSI1l

r.ACKrtLL P'oATtlLAL
-:J

,-:'E'T·',E /... 1'1 '..-J ,-' ~.;;

~~-·i t..~"'L· _,: ~; t _

PIPe TPo~Ie/*U66R 'PoetIE

VELL BOTTOK I
ELEV. S~·C·.. Co

BEh'TONITE
*!!aSIC.'IIU~

t..4::...." V (7~ ~ I L-L c..p

'JIii,...... Xj

P.i'i:.. 1C'£1~;1 r

............
Cl

FT. ~
o
'"
'"o
t;
:II:
W..

c&Curro SURF. I
D.tv. . 8:3S', ~

-.- iLEV. -------.......
(T.O.C.) B31.lo1

:II:......
• , Ft. lj

-~-'-'- ·~t
.. :II:
... 11
:or"

•

FT. 01 DRT

I) OTKEJl KEASl1R!KENTS (T.O.C.)s,. I

DATE/TUlE 2-i? - E3~(~~ 4?::> )
DATE/TIKE

DATE/TUlE

•
60'-

.' C



•
Vol1 D1aaru
r-ll (~ II-eS)

PlDJ&CT .AIlE, -J.llJoLJ/ul~~~t:::....!.j> _

l/tLL liD. 1\1 \6..1 - 22 S
OATI l.cULUD 12- j J.-e 7

ADDED _

A) TYPE or PIPE,

OTHER .- _

ne,SfAIIU£5, TEPt:aJl, ll-n;~ &0 C's::::. I R Cb--i

PIPE SOltDU~E _4_'_0.=:.. _
8) TYPE OF PIPE JOlh'TS; - - T _ ;, ,. _ :~ 1L>· ~F...... ~
-'~iCi"rDmUl'll'prL1"N~..~S-• ..,I""lR'S"f.Urnbif"fD (lo'nAPE7 h ollO~;I'<Hr~B~==- _

C) VAS SOLVENT USEDl~

D) TYPE or Vz:LL SCRtEN:

~TAINLESSL.:;'fel&f;.tt:~ellt'i...~=itt.• _
'0"E) VELL SCREEN SLOT SIU: --:.:...::.Q~.:.:\l1ooo<::...... _

r) PIPE DIA: ID IN. 2:... OD IN.~ .. I'

e) INSTALLED PROTECTOI PIPE V/LOCK1 ~Il NO/ :/1 UJo&.,...
PROTECTOR PIPE DIA.~ 111·0, D.

A) METHOD

BAILING.tPUMPING, SURGING:]COMPIlESSED AIIl

(NOTE ADDITIONAL CO~~Eh'TS BELOW)

B) TIME SPENT rOil DEVELOPHENT1 2 . S ,..Q.':>.

c) APPIlOXlKATE VATER VOLDME, IlEMOVED 4S()-iii I..

D) WATU CLAllITY BEFORE llEVI:LOPHDn'1

CLEAR, TVUID.~

'E) VATD. CLAP.ITY AFTEIl DEVI:LOPKDn'f

, ICLUal SLIGHTLY TVIlIiD. TlJUID. OPAQDI

r.::t NTu.. -=- 2. C (Kce
r) ODOlf YES OR,~

2) VELL DEVELOPMENT

3) WATU LEVEL SUKIIAIlY

FT.

l'~' FT.

\~/
'.8' FT.

o n.

...... /"')'
~FT.

1) CASING DETAILS

PEPTH [ROM
CP.OU/lI) SURFACE
;' FT.

:::::- FT.

-==- FT.

BOREHOLE
DIA.
.9.-- IN.

i4 i

.- .~ S~ ..iP )
r:-I~\;.. ~'C'rlI""(.<t5-,:7 '
'-.:.3,-1

~ FT.
?>=? FT.

CIlOUh1l SUR7~. I _ I .
z:LEV • ~3;,: • '::;.

SILICA SAND

VELL BOTTOK 
[Ltv. &1.>

. --iLEV.! (T.O.C.) 83'7.'/(c

~
'I'! estCR 'IJYl:JtR!rs.eE:R

UCl;.rILL IUTtIllAL "

LEMtil\..\T &R.A)I 1';
.'
"

to!

~6CJJ'''~''E.... "
I ..

t.-J'i~ 'leA" '~IJ.: ..r: ~

22 Q

rT • ..
"" BACr.:rILL HETHOD
0
OIl... PIPE TP.tHItlAUCER TRtHIE .~ .
0 CRAVITY FILLED " .
t:

':
'. ~

u ,;=101

"" HIlTOll!!'!
PELbAS/C! 1 m'L \I,re'DLi

&A1 'T"CI.IIIL. <; c: A\.

-'
. ~> FT.

•

A) DEPTIl FIlOK TOP or CASIIlG UTU 1ll:YELOPKEIlTf

- FT. Oil DRY

B) OTHEII HtASUilEHEIlTS (T.o.c.)a

DATE/TIKI: '2-11-f'B (:24,80 I 'L
DATl/TlItl:

DATE/TlItl:

•
ADnTTIOK4L COIUIEllTS: rz. \3>A. (.,,$ D F ,< l v1t:::t-.\ T PhA U D

,~t..;I\\vA.L4t<- S-f>AC.E Ot)TSID( 'C;.' \..,J ELL.
irJ



PlClJ tCT KAIIE I (\(; i=. I..i \ K u t:>
IIU-L 110. 2.3S

110. \33"l . 32

11.11 D1~ra.

T-17 (a u-!51

.'
!lATI 1IlS'tALLID 'Z. - \5 • "PC;

OTHER _

(HOTE ADDITIONAL CO~~EHTS BELOV)

B) TUIE SPENT rOR DEVELOPMENT7 ......::"2=uH..,e""S::;...... _

C) APPROXlKATE WATER VOLDIlE: REIIOVED 4W ~c.{
ADDED _

II) WATEIl CLARITY BEFORE DEVELOP/lDrT7

CLtAR,l~OPAQDE

E) WATn CLAUTY ATTU IIEVELOP/lDrT7

~LIGHTLt ruaUD. TUaBID, OPACI
o IV ,,,- ::. /' ( 1\.£.6

r) ODDU -4£5-eRI~

A) TYPE or PIPE,

PVC,STAlh'LESS. TEFLON,~ Bi.l'<:"1< -rR.., A.J

PIPE SCHEDULE __4J.,O=- _

B) TYPE OF PIPE JOIh~S;

€~ IIIRtADED (I:/'l'APtl), OTHER W!Tc-fL':'..:J .,

C) WAS SOLVEt'T USED7 'YES oR(§)

D) TYPE or VELL SCREEN:

PVC, €9, TEFLON, OTHER _

E) VELL SCRtEN SLOT SlZ1: _,;;;411...;O::;....;I'-=.~~," _

F) PIPE DIA: 10 IN.~ 00 IN. "2 ;;/,.,

G) INSTALLED PROTECTOR PIPE Io'/LOCKl @OR NO

PROTECTOR PIPE DU. -'-- u.
2). WELL DEVELOPHENT

A) /lETHOD

3) WATEIl LEVEL SlRlIlAll'C

1) CASING DETAILS

- n.

rT.

FT.

FT.

,BOREHOLE
DlA •

-h.- IN •

\~ ..c; n.

'2\'~FT.

PEPIII FROIl
C~UIlll SURfACE
_~__ FT.

'l.~.';FT.

:
,"
~ .'

"

.'
;;

,

'. ...:
" ~

,;

-

StIle' ['MIr

rtLTER PACK
I\ATERlAL

BEh~NITE '
PELLETS/C&ANULAR~

WELL BOnoK~~
ELEV. ~.,

~
P[LLtTS/C~R/POWDrR

"~ILL
IL\T~

UC~ILL I\ATtllAL

('~§Jo.iT $?cV T ......,)
'3% N"'~'\/I--;c

?.-7,,,/;P/jr, ~E"'VJr
BACtTILL /lETHOD

<tr: IRD1ItlAUCER TROOE
RAVIn FILLji£)

-.- C:LEV. ------
(T.O.C.) 8t.+7,11

CaODND SURF. •
UEV. 844,~

'".........
Q

FT. :;
o.....
o

~
'"""

I ~- rT.
•

A) DEPT1l 1I0K TOP or CASING ATTta IlEVtLOPKDrT7

-- n. 01 DRt

B) OIIIEll KEASUlltKDrTS (T.o.c.)a

DATE/TIKE '31 J ,,~~.)~"'"

DATE/TIKE

DATE/TUlE

. ....
IdOA

»Ui eNCSml.
tsr >lt$p. I ~'

it:: (' e."" '
.. .QSi..E I~ f • ..:

•
J."'"



W.U Diaa""
'-11 'I 11-85)

•
PlClJiCT a#JIII .bl!..'RD.=:=..P:- _
l/tLL 110. Mw -245
DATE mULLIO 1'2- \B:ffZ

110. \ 332. ~2

A) TYPE or PIPE.

1) C4SI~G DETAILS

(I/OTE ADDITIONAL CO~~ENTS BELO.)

B) TIME SPE'" rOR DEVELOPMENTf "'2. S'rl~S
C) APPIlOXlHATE \lATER VOLUIlE: REIlOVED .:::7St)e~ /

7

8) TYPE or PIPE JOI"'S; ....e>. ;eta.~
- C'; ts; 7];'FLt'ti

COUPLINGS. 1':'HREADED (IinAPp) .tlTHr.R _

c) liAS SOLVE~T USEDf ~R~

D) TYPE or IItLL SCREEN:

~.trTAIt:Ltss1 npuli, 9'PIfU -------
E) WELL SCREEN SLOT SIn .,ei 0 II--..'.....;;;;.-:..=-------

2 ;' -, ~/ "r) PIPE DIA: ID IN. . OD Ill. ~I~

c) II/STALLED PROTECTOR PIPE II/LOC~f ~~

PROTECTOR PIPE Dll.~ II.

2) WELL DEVELOPMENT

A) METHOD

BAILING.tPUMPINC. SL~GING.lCOlfPRESSEDAIR'

OTHER _

ADDED _

D) VATta CLAJlIn aEFORE DEVELOPlfEKTt

CLLU. TVUtD.JOPAQRE I
E) VATU CLAUn ArrU DEVELOPlfEllT~-. rl
ra.ua~CHTLYTUUtD. TUUtD. P ,

r) ODOU YES o~ N71J.~ e.G:>'- ~~6 7/~/:

3) VATU LEVEL SUKIWlY

A) DEPnI rllOK TOP or CASIIlG UTta DEVn.OPHEKTf

rT.

rr.

J.EL. FT.

·-,r·.
~rr.

BOREHOLE
DIA •.
,,.., II
~II/.

.35 rT.
~FT.

~n.

PEPT!! FROII
CROUKD SURFACE-===- FT •

..rl- rr.

..
KHIOKliE
P&L~FSlcB,"'J!~

:
UCUILL IUjF.1AL :

"
~ ,-CEM? b.l"'I13£kl ijrJt1! "

~ -7p'" / lo,(t e£iAl'>Ji
i ;~

Blcr;rILL IfETHOD .
<fi!t"TIl~!I5R oill!Jot!E

,-
-,tt '..;
" ~

,;

BEI/TOI/ITE
P5LL~'(8~~

S'-Alt ttA'f!I:IAL

CIlOUKD SURF.
tLEV. ~ 7...-: r I...... (..' -,- , ....

.....-c:LEV.
A (T.O.C.)

to!.........
2. i rT. ~

o
'"Do.
o

j:

li!
to!
..:I

i 5 rT.
•

rr. Oil DRY

B) OTHU IfUSDI.EKEIlTS (T.O.C.):

DATE/TIKE -;Z~i"l-8r> (2i!/-, 12 i )

DATI/TUE

DATE/TIME

(,>flrW:"II=rr
'7-ADntTIOKAL .COKKENTS:

__1"2. RAW?

•



•
·1Vill-

Vall Illac"'.
F-17 (I 11-85)

PlOJl.ct RAJlE. N IR.DP--=..:::......;-----

VI:LL 110. MvJ 2 ..5 -S
DATI UIIULUO 1"2-"Z.. i -8 7

110. 1332,32.

PIPE SCHEDULE

B) TYPE QF PIPE JQIh~S:

-.- ,LEY. ------
(T.O.C.) .e~S,:'1

C1l0DIltl SURF.
CoEY,

~!"TORll !
'ELlclilF&/SIa'rUW'R/P8WBR

PEPTH fRQIl
CROUND SURFACE
''\. FT.
~

..ft:.. FT.

1) CASIIlG DETAILS

A) TYPE or PIPE,

p¥e.stUIILESS. fEPLell. e'!'lIs &A'J4 I RcN
Lie:,

_'iE-::"~'~
·COUPLINGS. lTH=R""tA~Dt""'D'-"("'II"'/'-A-P-E""?~)l QTIlER _

ADDED _

D) VATD ClJJI.ITT BErORE DEVELOPIlEKT?

CLrJJl. TUUID .10PAQDE1
E) VATU CLA.'lITT ATTD DEV1LOPKtIlTf

~ SLICHn.T TO'llIID. 11JUID. OPAQDI

r) ODOU YES Oil~ NTU = C'. ';''Z

) VATU LEVEL SUKIlART

C) liAS SOLVEIlT USED? Y~

D) TYPE or IIEtL SCREEIl.

(NOTE ADDITIONAL CO~~tNTS IELOII)

B) UIlE SPENT FOi DEVELOPlltNTJ ~.C' n l2. C'~

C) APPllOXIIlATE WATn VOLDKt. RtKO\'ED ~-1CIe~ \
.==OJ

~eTAlI4EWUFLeli. 9illU. _

VELL SCREEN SLOT SIZI: e 0 i0 ;,-=--=:;....:.=------
PIPE DU: ID IN. Z', OD IN.~ ... "

INSTAUED PRQTECTOi PIPE II/LOCKJ YES Oil NO

PROTECTOR PIPI IlIl.~.:;-III.

2) VELL Dt\'£LQPlltNT

A) KETHOD

BAlLING.'PUIlPING. SUllGINCllCOKPIlESSED All

OTHEIl _

FT.

BQREHQLE E)
DU.
~IN. F)

..J::L n.
c)

...eJ FT.

:2:!L FT.

3.i.- FT.
~FT.

~:'.
.;

:
"
~ "

" "

, ",

.

':
,

"
",
~"
"

BENTONITE .
PELLETS/CUNl1lJJ1.~

sex, ldl£KIXL

BACKFILL KATE.IAL

CCMEJ.:lI .¢'; J

VELL BOTTOK
[LEV. _

~-7,...1/ rJ,-i" C.C'4/JVr

BACUILL "£THOll

FILTER PACK

~TEUA' .lZU~ i"L-iJ-ir
',qS-S5 ~1'"\" .£oM\)

e~"6

w.........
Q

fT. :;
o
'"...
o

j:
uz:
W
..:I

Z2

•

A) DtP'nt raOK TOP or CASING ATTD DEVELOPKtNTf

rT. 01. DRY

______________ r

I) OTHta IltASDiEllDlTS (T.O.C.)a

DATE/TIllE Z-I"J-ep (22.4 2 ')

DATI/TIKE

f

DATE/TIllE --------------,

•
ADDTTIONAL COKKtNTS.

~~ S-/,fS8 CA-K.
....... ""r..:.

':.1: ;. /,.



•
V.ll D1&&~..
r.ll (I ,,-tiS)

P10J ~ IIA11E. .I~, RD...~P~ _
VtLLIlO. I-I......L.--=::----:::-;:--;::-_---'- _

DAT~ l1lnALUD -,-I·---=-II:>.:::;-_-~se:::;,·=··' _

.1

-.- C:LEV. -------------''''I''i';;::;v
(T .0.C.) 6"35•.:!8
eaoDKD suar. ,
Dotv. e;:,Z.C 'pEPTH nOli

oa~ SURFACE

~n.

1) CASING .DETAILS

A) TYPE or PIPEI

PIPE SCHtDULE

OTHER - _

A) KETHOD

~.lPuKPINcl~

B) TYPE OF PIPE JOIh"TS; . _ ..,,'r::> : TiJ:nrJ-,1

eollPUIIllS • i.-=T""'Ilr.-tA=-_""D"'t-D-(:-"~/':;;~;;;AP";t-l"")~,'•.1lTt!1:A _

C) WAS SOLVENT UStDl YES O~

D) TYPE or WELL SCREEN:

fl'e'; TSTAlI:LESSl T~.~ _

E) WELL SCUEN SLOT SIZE ,. C' I 0 "
.....;.....,;;....:...>:==-----:~---

F) PIPE DU: ID IN • ..L OD IN. 2. jti W-

e) INSTALLED PROUCTOR PI?E ~'/LOCl;,lJYtsJ~
PROTECTOR PIPS DIl.~ II.

(NOTE ADDITIONAL CO~~ENTS BELOW)

B) TL~E SPENT FO& DEVELOPMENT7 '"2. ~,:.~S

C) APnOXlXATE WATEIl VOLOKE: REMOVED 4$'05 ,\ \
ADDED __- _

D) WATEa ~ITY anollE DEVELDPllEHT7

CLEU. TVUID,lo~

E) VATtl CLAAITT AnD. DEVELDPll~
"T'-'f' .r:g SLIGKn:r TU1lIID. TlIUID,

r)01)6J; YES O~ Nru. = .$.'1 C!&:e ?/~? t

2) WELL DEVELOPKEh"T

3) VATU LEV!L SIJIUWlY

''7,.
~FT.

n.

rT.

...2:L".

.llL FT.

BOREHOLE
DU.
JO....- IN •

Ji:... n.

:

,.'.

.'
'.

".

c

BENTONITE
PEbbBlIl/81b1iIRl~

'.

SILICA SAND _

::~yv :",4~-S5'".: ....)

WELL aOTTOIl
ELEV. 757,00

sut: JrU&Riltt;'-

FILTER PACK
KATERUL c..•• (; ~;. S

:~~NI~ i rq.:; ;£5· ""1
J

LPIPE TR£KIt)AUGeR IHtH1!
~Hn-f'!tt:ED ":

lsi.........
"'7"- Q~~ .::>rT. ~

o
'"...
o

~
Z
lsi
.:I

&etrTelllU
PELLAS}6kAIfHLAP:}.OGDLk

LLn.•

A) DEPTH r&OIl TOP or CASINC UTD DEVELOPIIEHT7

---==-n. OR DRY

a) OTHER KEASD&£IItKTS (T.O.C.)I

DATE/TIll! Z-~-eG f''2-/.,~,.:/)

DATE/TIll!

DATE/TIllE

•
..., .'-

ADnTTIOIlAL COKKtKTS: _") \....-EtJT!2n Ll 'fc.,:. ''"iNb 1';1 LtD.40 .~. j? I~~ l, (!: ",.-;""..:;";,-/',-.-=,i-~:).'''"''"~.:=..!..c:.."\,....I..J,.,-.L..,,~,..JJ,==r.-=~:;':-.-.-:......~:l./.!....,"O":--II..(~/-fr~. ,-.-----------.....;.---
~ 1.:....... I .!!. ~ .'./ ,,'-J" 'L,T'k

~a B~6S .J I

•..·.:l



•
"'t11 ll1aaMl8
'-17 II 11-85)

nonCT ."Ilt,U"C: - i\,H eo r /,f~lpq:j) 110. [33'2.?:. 2.
WELL 110. 2·- I
om ImUUD 1·-2B·Be

PlPE SCHEDULE

-.- tLEV. -----------'"1F=iV
(T.O.C.) 8.38.0=
CaODNt) SUIlF. I
tLtv. 6 ;,..,-, lC pEPTH fIlOIf

CR~SURrACE
___ FT.

I) CASINC DETAILS

A) TYPE or PIPE,

puc;. B'lUlfU65. 'l'EFWtl, OTHER ·Bi...A'-K.. IRe- tU

4C

~ 1- ,.,,,
,/.>/ •. ,:

I) TYPE OF PIPE JOlh~S; r Vt-S·. T'FL..·· ..i
COUPLINCS .j~TH::::F.-:U':':D::-:E:':D,..-:o:1 \j:-:-'/~"~A""'P""'E""7";). OTHER _

c) I.'AS SOLVEn USEDf ~~

D) TYPE or WELL SCREEN:

~ .1 STAINLESS1 '!'YelEf'Mt:eCI!IM,,;."'le~''t1l1lf!eltR-=- _

E) WELL SCREEIl SLOT SI%1:. .. 0 i 0 '1

F) PIPE DIAl ID IN • ..2...-. OD IN. till::'

c) IIlSTALLED PROTECTOR PIPE W/LOCKf~
PIlOTECTOlI PIPS DIA. Ja'..'11.

OTHER -_- _

(NOTE ADDITIONAL CO~~ENTS IELOW)

I) UKE SPEIlT FOR DEVELOPIIENT7 3,0 ~Q5

C) APPllOXlHATE VATn VOLUME' REHOVED~
ADDED _

D) VATU c:u.un IUORE DE\'ELOPMDrTf

CLEAR, 1'VUII1.fiPAQIIE \

E) VATU CLA1In UTD DEVELOPHDrT7

}fLUJl04 SLIGHTLY TUUID, TVUID, OPAQUE,.
/v-/I- /V ~ IKE'"

r) ODOa7 TES 0r{]Q:J , ...." - t' • ... \(' ..,

2) VELL DE\'ELOPHEh~

A) NETHOD

IAILING.!PUHPIIlG. SURGINC]LCOKPRESSED All.

I

(0 I FT.

lOS' FT.

BOREHOL!
DIA •
8,0 Ill.

~FT.

7:

_
1

~ fT.
75"" FT.

':="'fT.

S2...- FT.

lle:xL 11h'ililtlAIo

Il1letHI:i.
M'I'IiAII.L

rILTER PACK
KATERUL
B~(.~(i> S~1oJ l).

i~·;5> ......... )

nuex 3-.IlD

VELL BOTTON
ELEV. 7bo.p

BENTONITE
PELLETS/CRANULAR/POWDER

IAC~ILL KATEklAjI :
.'

CEM~i-.iT '--' ~ ..
" "

w 3% ~... . y l::S£N Iek.l"E.- '...
~.2·75ai /~ l..CiAII&r4;

...
(-15 n. 0...... BACUILL HETHOD

0... .'
... i!!PE TRDlIE4*IlClEIl !ABIiE ,
0 eRl:t'!ft PltL!:'D . ': .;

.~

i= '. ~

u ,;
z.......

BENTOIlITE
oI'-Et:L~/81\,;ldIYb!lAlpOI.'DtR )

10 rT.
•

A) DEPTH raoll TOP or CASlIlG AnD DEVELOPKDrTf

.=:=. ". 01. DRT

I) OTHEIl KEASlJIlEKEIlTS (T.O.C:. h

DATE/TINE 2.-~ -p~ I z.-;;,07 ' )

DAT!/TIJIE

DATE/TIJII

•
ADDTTIOKlL COKKEIlTS, .3 IN $1ALL£..Q..



•
1lIiII-

11.11 01... ,...
,.IT tl 11-8S1

P10JtCT lAllI, • j I t:::t..."""\~? _
. . ~ --, .-

l/tLL 110, j~ IW - "} L

DATI IanALUD \'"2,- i C' '-::-:" 7

7,'.!>:
I I

8) TIJIE SPENT FOR DEVEl.oPll£nr ...2=,":'0S..::;-~--!.H..L.:..:~::::"':S::'-_

~("f' LC) APPROXlJIATE VATER VOLOIl£. RtIlO\'£D

A) TYPE OF PIPE.

HC.SIXlKtU'. UrLON. OinU ~i'. iR.C'I'J

PIPE SCHEDULE ~
-e) TYPE OF PlPE JOI""TS-;--I.=---J-_'""'1;·_:;i.~::f~:::.~:.:;:;\;;:';;:\.:;S=,=_:..

-~ l t::-5 ",--, - :
COUPLINGS. [§-R-U.-D-E-D-(1I-'--:"""'i.....P-E7-)....,j OTHER _

~') I:AS SOL\·E~T USED7 ~~

_~) TYPE OF IIELL SCREE~:

.·~ELis~~ un'ON.~rH&- _

-t) IIELL SCREEII Sl.oT SIU .....;.,• .;::Oe:;.,."i.;::O~'_' _

/" 'i 2.5': "of'l PIPE DIA: ID IN. ==---- 00 IN.~

G) INSTALLED PROTECTOR PIPE II/LOCK7 @.eIl-Ile
PItOTtCTOIl PIPE DU. t;.5 "Ill.

1) CASI~C DETAILS

(NOTE ADDITIONAL CO~~£HTS BELO.)

A) llETHOD

BAILING..] PUllPlm SURGINC. COllPlESSED AlR

OTHtI\ _

ADDED -

D) VAT£& CLAl\ln BEFORE DtvEl.oPIlDrTr

CLEAa, TUUID, ~0~!~~!1

E) VATa. CUI\lTT AFT£1 DtvEl.oPllEKTt-~--:-h'-:

i CLEAa .l!.LICHTLY TOUID, TOUID:.u..;:::.;~~_..J-

F) ODDU YES OR£!!! ;" '1'<. =
3) VATU LEVEL smuu.1lT

A) DEPTH raOK TOP OF CAS INC AFTEa DEVELOPltEKTf

-=- FT. 01 DRY

B) OntEa IltASOPoEJIEKTS (T.o.c.):

DAn/TIltE 2 -/0 .-."'f'

DAn/TIJII:

FT.

rTf

75 i FT.
..:zt!- FT.

PEPTH fROIl
CR,,9llMD SURFACE

. FT.

'=LFT.

lL- FT.

BOREHOLE
DIA, •
lO.:- Ill.

I
~FT.

03'

o.
"

",

VELL IOTTOK
ELEV. __--'7U1~<.::O::...:.~O:._

SaT ",tjll'L

~...

.
"
~

rILTER PAex
I'lATERUL
i.lEO. ,,~ iN <;.A U D ,

-'Psc> 8':LIl,iT· f!;~Q~.

4 ~> @. IOC' IbS,

.iEN:r:QrIT&
pfJ J "S'CP'Ht" AI IpQ"BI!It-

--------'---../

'-1.1" S'V')

-I'QtrltL

-.-l!:LEY. -------......--,;::::::;p
(T.O.C.) 63'7.38

CIlOONll SURF.,-- - 5 C •
[LEY. ~6.·

•

DAn/TIJIE

•
ADDTTIOKAJ. COIUtENTS: 4&,7 \?ACvS ('"'IF Q..CMEN:T

8\':'fSTON liE,

,
1 3 p~4?S (J P

.1 ..- .. ..:



•
II.U Diaaru
,.1T (I "-85)

PIOJtCT 11""1: .-Ni iWi;:> 110. i3:;;2,~2

IItLL IIQ. MW 4- 1
~m llSULLlD \"2_-2.2- 8-7

~.ISTAI"LESSJUFlQI,;, Q;ii&R _

0 ·0,1
E) IIELL SCREEN SLOT SIZ1: _-''',---,=--,I-,,~ _

F) PIPE DIA: ID IN. 2 D OIl IN. ~'to

G) INSTALLED PROTECTOR PIPE Ii/LOCKf~

PROTECTOII PIn llIl.6Ill.

1) CASING DETAILS

A) HETHOD

IlAILINC~[PUKPINC. SURCIN~:JCOKPRESSED All

OTHER -'- _

(NOrE ADDlriONAL CO~~ENTS 8ELO~)

II) TIllE SPENT rOR Dl:VtLOPIlEh"Tf --:3::;.....;i"\~(l..~so::..... _

C) APPROXltu.TE VATER VOLUIlE: P.EMOvtD "5""40,; .... (s..

A) TYPE or PIPE,

,"p!~r;"j,..t"T"'!.I.'!t:IW;Y..l[;;:;S.:oS""'-;,I;E6EU7°:l.lNl.".....g:OT;lIl.....,.__ ~~~ \~O~

2) VELL DEVELOPMENT

PIPE SCHEDllLE 40--''-='-----------
II) TYPE or PIPE JOlh"TS; ~."c:$:·io!r\..CjIJ.

~S. iTlltU:lED (Ii/';APEU. &!'MR _

C) liAS SOL\'En USEtlf .~m
D) TYPE or IiELL SCREEN:

ADDED _

D) VATU CUllIn urou DE\'ELOPIlEKTf

CL!AR, TUum,~

I) VATU CUJl.IT"C Anu DI:VILOP"DlTf:~:a..__.,~-_:'

[gln.a SLlCKTLY TVUID. Tl7l.8tD •..lEWIIlIi.....

r) ODOU US O~ N'i.(."':: /.~

3) VATU LEVEL SUHKA.RY

A) DEPTH raOK TOP or CAStNC AnD DEVELOPIlDlTf

FT.
,.,.

FT.

G FT •.

~fT.

71 rT.
FT.

1 -'
} 1., '::>pEPTH [ROil

GROUND SURrACE

..L...- FT.

...:
~

:t..

:]
:

::

GIODh"D SURF. I
CoEY. E: ~ I , Cz,

&£IfTClflT!
PlltbRS/6Jb\UUWaR;'1 CtllD!1

BK031LL

SIItIe' S'ND

VELL 1l0TTOK
ELEV. 7Sb. Go

5eltt MiEklXL

FILTER PAlX

PU.TERULA.CD r(..iAi"

~-.'~-5J1l"').54/JD
4~..~ ~: J:;ri~;.

-.-<:LEY. ----------
(T.O.C.) 833..lf-<o

UCUILL PU.TEP.lAL :

CC:M~NT" t' 3% ~ -,
-,

w g.C i-Uh~.HJ],::'... "...
Oft: .:..... Lt- Jdt~...

~7.5n. ~
(.r'"j".~ BA~1i""l1:UI :

-J BACUILL HETHOD
.

0

'" I PIPE TRDUYAll;IiR nel'l:£.. "
,

0 8Ml:IH FIIs..A ,

j:
.:
" :

u ,;
z...
..I

BENTONITE
l'17kLA'G'GR·tRr~~:

•

-=:FT. OIL DRY

II) OTNEIl KEASUREKEKTS (T.O.C. h

DATE/TIllE ·2-/"J-1ft'> ('2.7, f!!./I )

DATE/TIllE

DATE/TIllE

•
ADnlTIOKA.L CO~ENTS:

....,- - ... r
";""'~) i ..j. J

e->ELL cASI&! k'.·

".~ ~~

1,.:')!t



•
V.U D1&&....
r.lT (I "-85)

P10JlCT '#JIll &~::.o-"":').L.t_· _
IItLL "0. I-\hi - 5·T·
DATI IUTAUID ...:.,\al!:::"'f•.,;...'...l.\_7.!-....r~/.-~;.J.7~ _

1) CASING DETAILS

A) TYPE or PIPE'

2) WELL DEVELOPHtl,T

A) /lETHOD

BAILIIIG.JPU/IPING. SURGINgj COltPRESSED All.

OTHER _

He-;-5T.. l.iLlcr, TEFJaEltl, STilE... f~;.....t.,· i£, _•..:....;- r ....

PIPE SCHtDULE '::~:I
---'-~--------

CQUPLlliCS ••'"'IREA:>tD (II'TAPEq. Cl're£R _

C) liAS SOLVENT USED! ~~

D) TYPE or WELL SCItEtN:

~. :stAINl.tSS J:.Flollli, tillER _

E) WELL SCREtN SLOT SIZI: ......;:•...;O~.L\~O~i_' _
F) PIPE 011.: 10 III.~ OD III. '2 ~·'I t.. "

G) II!STALl.ED PROTECTOR PIPb V/LOCK! jYESj~

PROTECTOIl PIPI DIl. ~'.5 IR.

(IIOTE ADDlTIOI!AL COKllENTS BtLOil)

B) TlIIE .SPEIIT rOR DEVELOPHEnt _3 t"tC! S

C) APPROXlIIJ.TE WATER VOLOIIE: RtllOVED S~ c.:;.,·...L
ADDED _

D) WATU CLAAITT urou DEVELOP/lDlTJ

CL!AI., ~UID.rOPAQUE 1
E) VATEl CLAlITT UTE& DEVELOPIIDlT'

~ SLICHTLY TVaJID. TmlJID. OPAQOI

r) ODOat YES~ NT"" -= 2' 2.,-, 0tr3 'l;~/e'

3 ) VATU LEV!L SlI!'IItART

A) DU'nI raOH TOP or CASING UTD DEVELOPHEIIT'

FT.

rT.

-

I

~FT.

I

46 ·FT.

50'FT:

~rT~
~FT.

PEPTH [ROlt
Cit, SURFACE
___ FT.

.6..:L FT.

BOREHOLE
DIA.
....6.- III •

0- n .

:

.'
"

'.

'.

'".:.:

U;/f'fOlttfE
PILl tT[!GW 'RlIJ RJPO\lDEll

aACUILL IUnitAL .:,--. . "

\ .;Mc,t>iT I ?~fe:nc'~.lIl

G-7e"t=i I gl~ qrJJr~T",

gllTONITE • •
PEIsLA")'" w't.AI{PO\lDEay

B/CUILL /lETHOD

~IPE IRQSI;J.t1G51 -RIJtIE
Gillon" FIb"";

WELL aonoH
ELEV. 77S'. d..

rI1.TEp. PAClC
IUTERtAL

~;...;..:> ;::...: .~" : -:. ~ ~~o#\J.JS>
;.;0,. ...\;) r..·'b-.'::1·~) .......;)
~;5

-.-lLEV: ----------
(T.O.C.) 838.o~

CIlOONtl SURr. ,- ,
tLEV. B~":).2

'"..., ......
Q...
~o.....
o

j:
U
II:...
..3

•

FT. 01 DRY

I) OTHEll /lEASlJREltDlTS (T.O.C. h

DATE/TlIIE 2-/"7 -81' (2':;;,2.3')

DATE/TIltE

•
30 115"~.~~s/'1d.(2 Z 'ted.

IoDDTTIOIlAl. COKllEI!TS I''}§) B~S (!' 1= C£L(W-r

._2. C~k.\II2-A-L l 'ZE.Q.,S.

DATE/TlHZ

:,l.~ ':'1.:
~/';;



11.11 D1&1.....
r-17 II 11-851

PlOJLCT .,.1111 C~. ~ - r.. ,i:. r.. r//~II1. (:- 110. / ,;J'::! ., 01,
vt1.L 110. I £. r)

DATI I"SULUD :? - I -~ T, ~ - 2. ".• -;

•

2) WELL DEVELOPIlENT

A) IIETHOD

BAILIN::,[PUIIPINC, SVRCINCJ-COIlPRESSED AIR

OTHER. .:--

A) TYPE or PIPE.

1) CASINC DETAILS

D) TYPE or lo'ELL SCREEN:

PVC,~ TEFLON, OTHER _

E) WELL SCREEN SLOT SUE _.;..'.:;t_'/;..·_l_·_.1__' _

.. d ~ < /'
r) PIPE DIAl ID IN.~ OIl Ill. ? oJ

c) INSTALL£ll PROTECTOR fIPE 1o'/LOCIa ~OR NO

PROTECTOR PIPS DU • .JC.... II.

PVC,STAlh~ESS, TEFLON, OTHER

PIPE SCIlEDULE __i.;.·_1._. _

I) TYPE OF PIPE JOlh.S;

.COUPLIN::S,~ (lo'/':'APEl), OTHER _

C) 1o'AS SOLVENT USED7 YES ORo[O>

(NO':'E ADDITIONAL CO~~IHTS IELO~)

I) TlIlE SPENT FOR DEVELOPKEh.7 2.· -;;~'2">
c) APPllOX1.IU.TE WATEll VOLOtlE: REIIOVED 45;() ';'i/

ADDED _

D) \lATU CLARITY urou DE\'ELOPIIDlT'

CLEAJI., TDUID,~

E) VATEI. CLARITY AlTU DEVELOPKDlT'

@Ai. )UCHTL'C TDllIID,:~I~
r) ODOU 'CES O~ IV,I' c..<: - 7'C,c (!.ei!.

3) VATU LEVEL SllKIWt'C

FT.

BOREHOLE
DIIt-,r IN •

~" FT.

pEPTH FROIl
CR?pHD SDUACE

~n.

"
:

"
~ "

" '.
"

"
.

'. 0

.;., ~
,;

FILTER PACK
IU.TERUL

C· 'iJ-c'.:;'":"Si-. ' ...

SltleA SAIrit

SMiftPRL
K·~1iItttL

Iv~

WELL &OTTO"
ELEV. 73 /. I

~ER1AL

I./A

FT.

-"'EHIORI1c-
ULL!'PS/Q~'UYUtks'P917BEIl

/\./~

BENTONITEL::::1
PELLETS/CRANULAR/~

-.-. 'LEV. -----.-......'-----'"Ti"=iVA .(T.o.C.)B~lf-·77

CROOND SUU.
lltv. ~':>2.

UCUILL IU.TtP.lAL

('l"'....(o'.A/~ iti.:~t,
w.......

~/:../ FT. ~
o
III...
o

~z
'"..a

. !
; .•

A) DEPT1I FlOK TOP or CASING UTn DEVELOPKENT'- FT. 01 DI.'C

I) OTHO KEASOllEllDlTS (T .O.C. h

DATE/TtKE ;2-19$ (210 "'S~ I)

DATE/TtKE

DATt/TlKE

•
ADnTTIOKAL CO~EMTSI - Ii 6.· •. ...,.

,.,' ~ ;,., ,..:
~l':"" ,~ :>



•
JItfl-

11.11 Db.•,...
r-IT (I 11-85)

PlOJ1CT IIJJ1E, COL: - l\i i'i;C?';:)

vtLL 110. --:..:/I:....·..:D::.-.-_--:::---:-_..:.- _
DATI lllltALI.lD 2- \0 - 8 e

A) TYPE or PIPE,

ADDED ,..--

PIPE SCHEDULE

I) TYPE OF PIPE JOI"'S;

E) VELL SCREEN SLOT SIZI: --',E...lO""'.!JiO'-"'_'· _
F) PIPE DIA: ,10 IN. '3.0 OIl IN. ~,~ "

G) II\S'rALLED PROTECTOR PIPE I:/LOCKJ CiW~
PRO!ECTOII PIPII DU. f::2..-. II.

Me-.{STUt'!.ESS; MU_ON, O.HtR _

D) VATEIt C:U.UT'C IErORt DEVELOPKEIlTf

CLEJJl. TURlID,~

A) KETHOD

IAILING,rPVHP1tiG SYIlGIN~OKPRESSED AIR

OTHER -:- _

(NOTE ADDITIONAL CO~~ENTS BELOW)

I) TIKE SPE". FOR DE\'ELOPKtNT7 '2.L'> Ni2$

C) APPROXlKATt \lATER VOLUKE: REKOVED 3 (...,0 r;P-5

I) CASING DETAILS

Z) VELL DE\'ELOPKEIiT

E) VATU CLUIT'C Ann DEVELOPKEIlTT~

rCUA~LIGHTLYTUIlII~.:..:ro:-ID'~:~.... .

r) ODOU YES O~ Ir I .:A - 23. a '!5!Il 7/~i:

3) VATn LEVEL S1lHJU.U

FT.

FT.

FT.

FT.

!"z.O FT.

~FT.

r~D FT.
---FT.

pt:rTl! rROK
GROUND suarACE

-E.:.- FT.

BOREHOLE
Dlj.
....U2- IN •

:

"

.'
""

.'

.,

.;

KKIORI1E
'HbbA'£/'.' NJ'IJ R/P9"&!l

BENTONITE
P&~~~6/61*'N~fPo~~Eal

VELL BOTTOM
ELEV. 704-. b

BltCiOlCO
1IW1'&Ill:l:1a

S!XL riXIEkIXL

IACK11LL KATtllAL

0KD.-,-Cc:tJ\s.J-r
wi 3% BEAiiCNLT£

l
tr1'5Qt /TJAv a-~a::N--r
BACUILL KtnroD

1l1!fi'tIft FItteD

~Ue1< 9AIIII

[PIPE TP.EM1EJAY;'1 ;RDH~

-.- l!:UV. --------~--'Tr'::::;v
(T.O.C.) 9:'7.S~

GkODND SUI\P'.
Utv. 6 3~ . ~~

Io FT.

w.......
122.~ rr: ~

o
III..
o

i=
~
w....

•

A) DEPnI FIlOK TOP or CASING AFTR DEVELOPKENTT

~FT. Oil DRY

I) OTHElt KEASUREltEllTS (T.O.c:.)1

DATE/TIKE '2~rj·~ ('2,,/_ 32 I )

DATE/Tun:

DATE/TlJIE

•
ADDTTIOKAL COKKENTS: 5 crN1RAU"2Ef2..<;



•
11111 DiAl"'.
r-17 (I 11-85)

raCJf.CT .",,£. CCc...- I-.1IK(:;>

I/tLL 110. 12 - D
DATI 1llSTALUD \ i 2.."2.. "Ph

J ,

A) METHOD

IlAILINC,CpUMPINe, SUIlCINC,\-COKPRESSED AIIl

OTHER _

1) CASINC DETAILS

A) TYPE or PIPE:

oHe,SUlI;UU. fEFI~, OTIl,~ E)LA\..K 1gOJ
PIr E SCHEDULE 4 (~__,>0.;... _

I) TYPE or PIPE JOIh7S' _V':C; ·.IC."-~, I
COUPLINCS, FHlltAtlE!~/'ap[fI J!,!)'r.R _

C) Io'AS SOLVEn USr.Dt ~@

D) TYPE or Io'ELL SCREEN:

~lsTunEssl TEfLOll, O.It!:R ..-__

E) VELL SCREEN SLOT SIZE • 0 i O' ..
F) PIPE DIA: ID IN. 3 OD IN. ~z.

c) INSTALLED PIlOTECTO~ PIPE "'/LOCKt ~Il NO

PROTECTOR PIPS DU. l./:) IR.

(NO~E ADDITIONAL COKKENTS IlELOlo')

I) TIKE SPr.h7 roll. DEVELOPKEh"Tt '2- i~ R '5.

c) APPROXIKATE VATER VOLD'"E: Rr.KO\·!D:~ 3(;.C:

ADDED _

D) VATU ClJ.P.ln IlEFORE DEVELOP"ElfTl

CLtAa, TUUID, ~PAQDE l
E) VATR ClJ.P.In Al'TU DEVELOPMEIfT~.1\. .

lcua,l!LICHTLY TVllUD. 11lUID, OP •

r) ODOIl7 YES o~ NIt(.:: 27 c ~ _ ~/~/t'.

3) VATU LEVEL SUKKART

A) DEP'TH FROIl TOP or' CASINe Al'TU DEVELOP"ElfTl

--:::::: fT. 01 Dn

B) OTHER KEASUR.EHEKTS (T .O.C. ):

DATE/TIK! '2.-/7 -~8 (2'9.41").,

2) VELL DEVELOPMEh"T

~fT.

130 FT.
z:E fT •

J..1~.JT.

.:=::= FT.

..!.i.k..- FT.

1l0REHOLE
DIA;
.-..C..- IN •

PEPTH fROIl
CIlOUIlD SURFACE

FT.

..a.- FT.

~FT.

:;.

631.79

VELL BOnolt
ELEV. 7M·. 9

BENTONITE
P ELLETS/CRANUlJ.P.lf§§i@

I1LTEIl PACK
KATEIlUL

~~J) sAND
<!:J- -5:2" jY) .-"l)

B!1l"I'6 IIIft
PILI.l'%E!'P' .·"t 'Jil/pgl.lSElt

.ATE"+I

511:164 5Atl8

~ -ll)c,l (i~ a:v.Ct.l\

B.lCIFIl.L METHOD

·-SUL HXttill£

.a- t:LEV.
A (T.O.C.)

CIl.ODIlD SUlr.
ELEV. 834.9

liFT.

101.........
112.S FT. ~

o
&II

...
o

~
Iol
..a

•

DATE/TIltE

DATE/TIME

•
ADOfTIOKAL CO~&NTS: I CAST AuF' D .



l/tLL 110.

llIII- PlOJiCT .AIIE I .:OE- JJ(we
13 - D

\~z... s2...
IIO.-\~

11011 01&&".
r-17 II 11-85)

•
DATI UISTALUD 2.-8 -88

(NOTE ADDITIONAL CO~~Eh~S BELOW)

I) TI!lE SPENT FOR DEVELOPHENT7 _--.;'Z=:..;,:..:O=:;..--:.;t4:::R::,;5::-_

REIIOVED 3 <00S" \ --C) APPR.OXlKATE \lATER VOLUHE:

IAILlNC,jPUIIPINC, SURCIN~,;COHPRESS£DAIR

OTHER _

A) IIETHOD

2) IIELL DE\'ELOPHEI\T

A) TYPE or PIPEI

PVC,STAlh"LUS, TtFLON, OTHtR &..4(1:: 1}Z~kl

PIPE SCHEDULE _:1-->;0=- _
I) TYPE OF PIPE JOINTS; 0

~ A.l
~IIPbf1l66, ¢tADED 'X/~), O":'HER _

C) liAS SOLVENT USEDl YES O~

D) TYPE or WELL SCREEN:

~, §.AII\LESS~ v.:rLOft, Olritk _

E) IIELL SCP.EEN SLOT SIZI: e> 010 I,
F) PIPE DlA: 10 IN. -..3..:.. 00 IN. 3)Z

c) INSTALLED PR.OTECTOR PIPE VJLOCKt~R NO

PROTECTOR PIPI DU.~II 111. .

ADDED _

D) VATU CURln urORt DEVtLOPriDrTf

CLUJl. TIIUID,~

E) VATU CLUln UTD DEVELOP"DrT~.

r::-::-::-1 S
~~SLICHTLT TUUID. TUUID 'OP'"

r )- ODOU YES OR~ IYrCl:: ~. C (t~ 8 7/1s/~ .

3) VUU LEVEL SIlKKAU

I) CASINC DETAILS

FT.

FT.,

FT.

FT.

90

IDD' FT.
FT.

~n.

~FT.

PEPI!! FRO"
CP..2Q.HD SURFACE
_ U__ FT.

IiOREHOLE

~A,.
.t1- IN.

-& FT.

o'
"

,
.;

'.

BENTONITE
PEbblP;£!'IJ'RJ~

PELl"S (eliHU! A' 'pown,R.

FILTER PACK . ~Y)
KATERUL (c6-,,-u

B1f@ 51AI/)-

SEAL KATERIAL
oJ

IIELL IiOTTOK -"2. ";: -:. j
ELEV. / __ • ..;

""LICK SXND

-.- ':Ltv. ---~------
(ToO.C.) S3S.77
CR.OUND SURF. ,
tLEV. S:.,3.3>

10 n.•

A) DEPTH raOK TOP or CASINC UTa DEVELOPKENT7

n. 01 DRY

I) OTHER IlEASll'P.EIIENTS (T.O.C. h

DAn/TOlE 'Z-~9-t:~ (22, '57
1

)

DATE/TIllE

.~

ACDTTIOKAL COKIIENTS:

DAn/TOlE



•
v.u D1~"'.
r-l7 (I ll-!51

40PIPE SCHEDULE

~,GTAINLESS] TEFLet.. OliUR __.....,. _

~OIO·'·

00 111. 3.,0 .
E) VELL SCREEH SLOT SIZE

--.-..;'-=~-----
F) PIPE 011.: 10 IH. ~

G) IIiSTALLED PROTECTOR PIPE \l/LOCK7~OR 110

PROTECTOIl PIPIt DU. b.- Ill. .

A) TYPE 0' PIPE,

P¥e. STA.IlUS!, TeFb9t1 i OTHtR·Bt..AC.,.i( 'i2.J:; 1'-'

8AILIHC,iPUMPlliG, SURGIIIC~ COMPRESSED AIR

nMiiIt __--.,; _

1) CASIIIG DtTAILS

I) TYPE OF PIPE JOU1TS; • ..,..,- r' - Iyr:.> - I to. rio<- ,,-

COUPLINGS, IiitP:U:lED (V"APEl f.' OTHER ~_

C) VAS SOLVENT USED7 YES O~~

D) TYPE 0' WELL SCREEII:

2) VELL DE\'ELOPlft'1T

A) HtTHOD

(HOTE ADDITIOIiAL CO~~tHTS BELOV)

8) T1JlE SPEIlT FOR DtvELOPHEh"T7 '2, c:;: /'IRS.

C) APPROXIMTE VATER VOLDME, REMOVED 450cz: I-ADDED _

D) VATEIl CLAUn BE'ORE DE\'ELOPMEIlT7

CLt.u. TUUID,~

t) VATU CURln AFTD DEVELOPMEIlT""'~-J"---...,
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