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1. INTRODUCTION 

1. 1 lackground 

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

Corps of Engineers (COE) to complete a Remedial Investigation/ 

Feasibility Study (RIfFS) for the Naval Industrial Reserve Ordnance 

Plant (NIROP) located 1n Fridley, Minnesota. The data collected by the 

COE and RMT through the fall of 1986 was assembled into an Interim 

Report (RMT, 1987a) and a draft RI Report (RMT 1987b). Evaluation of 

the data suggests several additional field investigations that could 

contribute to a better understanding of hazardous constituent 

distributions and sources, and that could provide data on basic 

hydrogeologic parameters needed for evaluation of potential remedial 

alternatives. This workplan outlines the proposed field investigations, 

the objectives of the specific tasks, the general methods to be used, 

and the expected application of the data. 
~l.u.Q.. 

The proposed field activities will be undertaken concurrently with ~~(0~-t 
-4~('f:.J.,,-+rJ' ' .... ,)(5 \C 

the development and writing of the FS Report under a subsequent contract \:" ... (,',c ,-"_ 

modification. When possible, the data obtained in the 
(YLA.[l..-tof!:) 

proposed 

investigations will be incorporated into the evaluation and design of 

remedial alternatives during the development of the FS. 

1.2 Site Description and Bistory 

The Naval Industrial Reserve Ordnance Plant (NIROP) is a 

government-owned, contractor-operated facility. The plant is operated 

by the Northern Ordnance Division of FMC Corporation. The NIROP 

manufactures advanced naval weapons systems. Operations include 
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development, design, engineering, and testing. The NIROP began 

production in 1941, making it the first plant to mass-produce naval guns 

during World War II. The NIROP has continued to produce naval guns and 

has expanded into the production of guided missile launching systems, 

torpedo tubes, and hydraulic and electric power drive and control 

systems. 

The NIROP Is located in the northern portion of the Minneapolis/St. 

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

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

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

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

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

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

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

manufacturing facilities. 

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

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

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

to include waste oil, plating sludge, paint sludge, cleaning sol vents, 

and degreasing solvents, which may contain hazardous chemicals such as 

cyanide, trichloroethylene (TeE), methyl ethyl ketone (MEK), and 1,1,1-

trichloroethane (Rt1T, 1987b). 

Initial remedial action cleanup activities began in November 1983. 

Nine areas were excavated, and 43 drums and approximately 1,200 cubic 

yards of soils were removed. The majority of the drums contained inert 

solids; others contained PCB wastes, flammable solids, base solidS, and 

1254.02 101:RTA:frid0608 2 
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inert liquids; and some were empty. The hazardous soils and drums were 

disposed in an EPA-approved landfill. Samples were then taken in the 

excavations for volatile organics. Two trenches showed VOCs above one 

part per million; however, no further testing was done at that time. 

The trenches were backfilled with clean fill, and removal activities 

were completed in March 1984. 

Fourteen monitoring wells were installed at the NIROP between May 

and August 1983. Seven additional on-site monitoring wells were 

installed in May and June 1985. Installation of 12 off-site monitoring 

wells was completed in February 1986. The purpose of these wells was to 

determine ground water flow direction and the general extent of ground 

water contamination. Water levels were measured biweekly until April 

1985, and again biweekly from June 1986 to September 1986. Ground water 

quality samples were taken six times from the original 14 wells and 

analyzed at the U.S. Army Corp of Engineers Waterways Experiment 

Station. The 7 wells installed in May and June of 1985 have been 

sampled three times, and the 12 off-site wells have been sampled 

twice. The most recent ground water sampling occurred in November 1986. 

RMT, Inc., has prepared an Interim Re~ort (RMT, 1987a) and a Draft 

RI Report (RMT, 1987b) which presents and evaluates data collected by 

the Corps of Engineers for the Navy at the NIROP. The information 

contained in these documents forms the basis for the field 

investigations proposed in this workplan. 
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1.3 Purpose and Scope 

The purpose of this workplan is to outline additional field 

investigations for the NIROP. This workplan presents outlines for two 

major field investigations: source characterization and evaluation of 

aquifer hydraulic properties. The source characterization includes pore 

gas evaluations, sewer outlet sampling, production well sampling, 

additional monitoring well installation, ground water sampling, and 

chemical time-series analyses during aquifer pumping tests. The aquifer 

evaluation includes.a pumping test and some limited Single-well response 

tests. This Conceptual Workplan presents the objective of each of these 

tasks, the general approach or implementation scheme, and a brief 

discussion of how the data generated by each task will be applied to the 

ongoing feasibility studies. 

This Conceptual Workplan is not intended to be a substitute for the 

workplan described in the Model Statement of Work for Conducting 

Remedial Investigations (Task 2 - Plans and Management) contained in the 

USEPA document entitled Guidance on Remedial Investigations Under CERCLA 

(USEPA, 1985a). After the Conceptual Workplan has been reviewed and 

approved, RMT will prepare detailed workplans (per Task 2) for review 

and approval prior to commencement of subsequent activities. 
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2. TECHNICAL APPROACH 

2.1 Bac.kground 

The basis for this conceptual work is the Interim Report (RMT, 

1987a) and the Draft RI Report (RMT, 1987b) which evaluated existing 

information for the NIROP facility and identified additional data needs 

to facilitate problem definition and evaluation of remedial action 

technologies. The following is a summary of the major recommendations 

for additional data needs at the NIROP facility that will be addressed 

in this workplan: 

Source Characterization 

Additional work is needed to characterize potential 
contaminant sources at the NIROP facility. The potential 
sources that require further characterization include the 
following: 

f'\r"ry 
Underground utility lines whichrconvey solvents from 
bulk storage tanks into the plant. 
Plant sewer system. 
Upgradient (off-site) sources (i.e., located to the 
north and east of the NIROP facility). 
TCE-contaminated, on-site soils. 

Better identification and evaluation of these potential 
contaminant sources will help to explain the observed 
occurrence of contaminants in the ground water. 
Identification of the potential source(s) is critical to 
proper evaluation of the No-Action Alternative and remedial 
alternatives. 

Site Hydrogeology 

Selected aspects of the hydrogeology beneath the NIROP require 
further evaluation. These include the following: 

Improved understanding of geology and flow patterns 
on the north and east sides of the NIROP. 
Evaluation of aquifer hydraulic properties (e.g., 
hydraulic conductivity and storativity). 

Better understanding of hydrogeology will improve the accuracy 
of contaminant transport predictions and will provide some 
preliminary data with which to begin the assessment and design 
of remedial alternatives. 
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2.2 Plans and Management 

Six documents (plans) will be developed before any field 

investigation begins. The six plans include the following: 

Project Workplan. 

Site Operations Plan. 

Sampling Plan. 

Quality Assurance/Quality Control Project Plan. 

Health and Safety Plan. 

Data Management and Documentation Plan. 

Wherever possible, previously prepared plans (e.g., RMT, 1986a and 

1986b) will be updated to meet the needs of the proposed activities. 

Project Workplan 

A Project Workplan will be developed after review and approval of 

the Conceptual Workplan have been obtained. The Project Workplan will 

provide detailed information regarding the technical and management 

approach and methods presented in this Conceptual Work plan. 

Site Operations Plan 

The Site Operations Plan will address the details for on-site 

activities including the following: 

Base operations (office) location. 

Decontamination zones. 

Sanitary facilities. 

Communication. 
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Equipment storage. 

Security. 

A decontamination pad currently exists at the site. This pad will 

be used in the proposed site investigations. 

Sampling Plan 

A site-specific Sampling Plan will be prepared. This plan will 

detail the type, location, and number of samples to be collected 

including proposed monitoring well locations and depths, sewer sampling 

locations, production well locations, pore gas sampling stations, and 

the ground water analytical program. The plan will also provide a 

description of techniques that are not part of the Quality Assurance/ 

Quality Control Project Plan. Guidance for the development of the 

Sampling Plan will be provided by the Guidance on Remedial Investiga

tions Under CERCLA (USEPA, 1985a). 

Quality Assurance/Quality Control Project Plan 

The Quality Assurance/Quality Control (QA/QC) Project Plan will 

outline the procedures to be followed in order to maintain a high 

standard of quality for the data generated during the field investiga-

tions. The plan will include quality control techniques, quality 

assurance procedures, definitions of QA/QC responsibilities for 

investigation personnel, and descriptions of methods and procedures to 

be utilized during the investigation. A Standard Operating Procedures 

Manual will be cited for routine methods, while nonroutine methods will 

be described in detail in the plan. The Quality Assurance/Quality 
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, 

standard of quality for the data generated during the field investiga-

tions. The plan will include quality control techniques, quality 

assurance procedures, definitions of QA/QC responsibilities for 

investigation personnel, and descriptions of methods and procedures to 
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Control Project Plan will be developed with USEPA guidance documents 

(USEPA, 1985a) and Corps of Engineers guidance documents (U. S. Army, 

Corps of Engineers, 1984). 

Health and Safety Plan 

A site-specific Health and Safety Plan will be prepared. The plan 

will be based on the most recent regulations and guidelines available 

from agencies such as OSHA, NIOSH, EPA, U.S. Coast Guard, and the Corps 

of Engineers, and will include at a minimum the following topics: 

, 
Chemical and physical hazard evaluation 
Air monitoring 
Levels of protection 
Work limitations 
Decontamination 
Contingencies 
Site security 

The Health and Safety Plan will be developed from the existing plan 

written for the November 1986 ground water sampling. Additional 

information will be incorporated to cover hazards associated with the 

investigations described in this workplan. The existing plan included 

hazards known to be present and will be subject to revision if 

additional hazards become known. 

Data Management and Documentation Plan 

The purpose of this plan is to define the procedures to document 

and track investigation data and results. The plan will identify and 

set up laboratory and data documentation, project-related progress 

reporting procedures, and documents. A computer data base will be 

established for laboratory analytical results to facilitate use of the 

data. 
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2.3 Site lDvestigatioDS 

Further field investigations are required to improve the definition 

of the nature and extent of hazardous substance occurrence and to 

provide data for the assessment of remedial alternatives that include 

ground water pumping. The specific tasks proposed have been grouped 

into three stages which include the following: 

Stage I - Soil pore gas evaluation for source identification. 

Stage II - Well installation for source evaluation, improved 
definition of hazardous constituent occurrence, and 
improved definition of site geology and ground water 
flow systems. 

Stage III - Aquifer testing for evaluation of design parameters 
needed for remedial alternative evaluation. 

Stage I 

Stage I of the proposed field investigations includes the in-field 

measurement of soil vapor volatile organic compounds in suspected source 

areas of TCE and associated VOCs. Soil vapor analysis will be performed 

during Stage I as a screening technique to determine potential sources 

of VOC contamination and to assist in the placement of monitoring wells 

during Stage II. The analysis consists of driving a hollow soil probe 

equipped with specially designed fittings into the ground, evacuating 

the probe and measuring organic vapor concentrations with a photoion-

ization detector c.onnected to the soil probe. The detector does not 
, 

,~identify specific VOCs, but provides a rapid and inexpensive indication 
~~ I ~ 

~\~\ of the presence of VOCs such as TCE. The measurements would be taken at 

regular Lrid spacings over the proposed investigation areas (described 

below). The spacing would be reduced or modified in areas of specific. 
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interest (e.g., burial sites, storm sewers, etc..) to provide data to 

assess the impact these areas may have on voe occurrence. 

Previous ground water monitoring indicates that there may be 

sources of VOCs east of the NIROP, as well as several sources on the 

NIROP property. The soil vapor analysis would be a rapid means of 

helping to determine potential source areas Without interference to 

current activities. It has been assumed that the Navy Will be able to 

obtain access to the adjacent properties for this purpose. The data 

generated by this investigation may form the basis for future 

investigations that could include soil analyses (surficial or borings) 

or monitoring well installation. The data could also be used to adjust 

the positions of some of the monitoring wells proposed for installation 

during Stage II. 

Sampling stations that exhibit VOC concentrations well in excess of 

background values will be resampled in order to identify the type and 

concentration of VOCs present. The quantitative analyses will be 

performed with either a field gas chromatograph (head space analyses of 

soils) or static VOC trapping devices submitted for laboratory analyses. 

The soil pore vapor analyses will focus on four areas (Figure 2). 

Previous reports have identified several potential VOC sources southwest 

of the NIROP building. The first area of proposed activity Will 

concentrate on the TeE storage area used between 1966 and 1982, and the 

areas immediately over and adjacent to the storm sewers identified in 

the Draft RI Report (RMT, 1987b). 

The second area of so11 pore vapor analyses (Figure 2) is on the 

north side of the NIROP. Persistently high levels of TCE in samples 
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from wells in the storage yard suggest that there is a continuing source 

of VOCs in the area. Wells on the north edge and immediately north of 

the storage yard have also yielded samples with significant concentra

tions of VOCs. The initial sampling will take place in the area of the 

pits and trenches and near monitoring well 16-S. The soil pore vapor 

sampling. around well 16-8 could be extended further north if the initial 

findings suggest the presence of significant concentrations of VOCs in 

the soil. 

The third area to be included in the pore vapor investigation is 

east. of the NIROP building· (Figure 2). Specific areas of interest 

include the area, around the current TCE storage tank, the area of 

underground, tanks nea·x: well 9-S' and the strip of land between the NIROP 

peri'IQeter road and the Burlington Northern property. The survey wi~l 

also ex:te'Q.d' eastward, across the Burlington Northern Railroad yard, in 

the direction of pl.ume, migration suggested by the hydrogeologic and 

water quality d~ta presented in the Draft RI Report (&M!, 1987b). 

A fourth area i4entified for soil pore gas monitoring will be used 

to ascertain background conditions. The background area is proposed 

northwest of the NIRQP in the county park. 

Stage II 

Additional monitoring wells will be installed during Stage II o~ 

this investigation (Figure 3). The location and depths of the proposed 

mQn1tor1ng wells are based on the hydrogeology and the extent of 

hazardous constituents defined in the Draft RI Report (RMT, 1987b). The 

results of the Stage I s011 pore g.$ evaluations may suggest changes o~ 
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additions to the monitoring well network. These would be presented to 

the COE at the end of Stage I. 

The installation of additional monitoring wells would serve two 

purposes. The first would be an improved understanding of the 

hydrogeology in several areas including the following: 

Geologic units and vertical flow components near the southeast 
corner of the NIROP building (near well 9-S). 

Geologic units and ground water flow north of the NIROP (near 
wells 15-S and 16-8). 

Geologic units and ground water flow on the west side of the 
NIROP (between wells 1-PC and 4-PC). 

The information will be used to refine the understanding of the geology 

and the impact the geology has on ground water flow patterns. 

Th~ second purpose of the monitoring wells is to better delineate 

the extent of hazardo~s substa~ces in the ground water. The studies to 

date stlll leave some uncertainty regarding sources of hazardous 

substances (both on-site and upgradient) and the extent of hazardous 

substances beneath an4 along the downgradient boundary of the NIROP. 

Monitoring wens will be placed north of the NIROP facility to 

better assess the quality of upgradient ground water. Data collected to 

date indicates that 10 to 2'00 ug/L of TeE is already present at the 

water table upgradient of the northern boundary of the NIROP. This 

'input" needs to be assessed in order to determine the incremental 

contribution of NIROP sources. Three proposed wells (A, B, and C) will 

be completed adjacent to the existing monitoring well 15-S. TeE concen-

trations in samples from well 15-S have averaged 12 ug/L. The new wells 

will be placed in the middle and at the bottom of the aquifer in the 

unconsolidated sediments and near the top of the Prairie du Chien/Jordan 

15 
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aquifer. A fourth well (D) will be placed at the base of the 

unconsolidated sediments adjacent to well 16-S (average TCE concentra-

tion of 133 ug/L). 

New monitoring wells (E and F) will be placed immediately 

downgradient of Hazardous Waste Storage Area C. Area C is the location 

of a dry well that was found to contain 1, l, 1 trichloroethane, 1,2 

dichloroethylene, tetrachloroethylene, and 1,1,2 trichloroethane (RMT, 

1987b). The wells will be placed at the water table and in the middle 

of the unconsolidated sediment aquifer to determine whether significant 

releases of hazardous constituents from the storage area have occurred 

and are contributing to the hazardous substances observed to be leaving 

the NlROP southwest of the plant. 

Some of the highest TCE concentrations reported at the NIROP 

facility have come from monitoring well 9-S. It is uncertain whether 

the observed concentrations originate on the NIROP property or are the 

result of TCE migration from the east. The vertical extent of TCE is 

also unknown. Two additional wells (G and H) will be placed adjacent to 

well 9-5 in the middle and bottom of the aquifer in the unconsolidated 

sediments to assess vertical concentration gradients and TCE extent. rI y? 
Vol P.,EOt1.?5 C 

This is especially important in light of the very high TCE concentra-/''Tcc' I~ 
/.fr!!fl'tvr /fa.. 

tions found at the base of the aquifer downgradient of well 9-5 (at well f'1/,-;,V /ftt). 

8-D). Monitoring wells I and J will be placed upgradient of well 9-5 

(on BNR property) to determine horizontal contaminant concentration 

gradients. Again, data from these new wells will help to different~ate 

the incremental increase j~ hazardous constituents resulting from 

possible source(s) at the NIROP facility from constituents that are 

migrating onto the NIROP from the east. 
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High concentrations of TCE (average of 6,600 ug/L) have also been 

measured at well 8-8, immediately downgradient of the disposal pits and 

trenches. The available data from well 8-S is only from near the water 

table. Therefore, additional wells (K and L), will be placed at the 

middle and bottom of the unconsolidated aquifer to help define the 

vertical distribution of hazardous constituents in this area. 

Two proposed wells (M and N) will be installed on the downgradient 

(southwest) side of the NIROP facility, adjacent to existing wells 6-D 
Cot'SfI'l::

and lS-S. Well M, near 6-D, would be completed at the water table:-I/-S. MO)llJ/Ze. 
7"H t S ?:;ON t:. 

Boring logs in this area indicate that clay layers or lenses may be 

present immediately north of this location. The proposed monitoring 

well M will be placed above the clay layer elevation to determine 

whether the layer has any control on the migration of TCE from the 

north. Proposed well N, adjacent to well lS-8, will be placed in the 

middle of the unconsolidated sediment aquifer, between the intakes for 

wells lS-S and 8-D. Data from this proposed well will be used to 

determine whether the entire thickness of the unconsolidated aquifer 

(120 feet) is affected by a single "plume" or whether there are two 

"plumes," one near the water table and a second at the base of the 

aquifer. Resolution of this question will allow for greater accuracy in 

assessing remedial alternatives. 

A well nest conSisting of a water table well (0) and a deep 

piezometer (P) at the base of the aquifer will be installed along the 

northern portion of the western property boundary. Data from this nest 

'cill be used to determine whether hazardous substances are migrating 

wes tward from the pit area as well as to determine hydrogeology along 
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the northwest property line. 

A round of ground water sampling will be completed following the 

installation of the Stage II wells. This round of sampling will include 

both the new monitoring wells and the existing wells as well as the 

sewer outfalls and the on-site production wells (if possible). 

Parameters for analyses are shown on Table 2-1. 

An additional round of ground water sampling (if necessary) will be 

limited to those wells whose analytical results do not meet QA/QC 

requirements or whose results appear to be in conflict with those of 

surrounding well samples. The analyses will again include VOCe, trace 
. ~~NC. 

elements, major ions and field pH, conductance and temperature. -..£.Mf:7Itl-S 7 
Ph i'": _,""'e:, 

Stage III 

Two aquifer tests will be performed during Stage III. The first 

test will be performed east of the NIROP building (AT-1, Figure 3). The 

objective of the test is to assess the source(s) of VOCs observed in 

samples from well 9-S by analyzing chemical time series data. If 

preliminary findings from the proposed monitoring wells near 9-S and on 

BNR property (wells G, H, I, and J) provide strong evidence of a VOC 

source(s) upgradient of the NIROP, the test may not be conducted. If 

however, the data from these proposed wells proves to be inconclusive, a 

4- to 6-inch diameter pumping well (AT-1) would be installed between 

~~ monitoriDg well. 9-5 anel J. The well woulel be pumpeel for ~2-
~ to 5 days and ground water samples would be collected periodically from 

l~' wells. Changes in TCE concentrations with time from 

the various wells will be evaluated to determine whether the TCE source 

is west (NIROP) or east (upgradient) of the pumping well. 
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TABLE 2-1 

LIST OF ANALYTICAL PARAMETERS 

PARAHETER 

Volatile Organic Compounds 1 Metals 2 (Dissolved) 

Vinyl Chloride Barium 

Methylene Chloride Selenium 

Trich10rofluoromethane Manganese 

1,1 Dichloroethylene Zinc 

1,1 Dichloroethane 

Cis and Trans 1,2 Dichloroethylene 

Chloroform 

1,1,1 Trichloroethane 

Trichloroethylene 

Benzene 

Tetrachloroethylene 

Toluene 

Ethyl Benzene 

Xylene 

1 VOCs selected for analyses were based on the list of VOCs detected to 
date as reported in the Draft RI Report (RMT, 1987b); recommendations 
made in the Draft RI Report also included xylene due to its detection 
in pits/trenches; and, vinyl chloride which was added to the list due 
to being a breakdown product of TCE. 

2 Metals selected for analyses were based on Table 7-2 of the Draft RI 
Report (RMT, 1987b). 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 concentration exceeding its 
MCL. 
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Preliminary review of remedial alternatives suggests that ground 

water pumping may playa major role in several alternatives. It would 

therefore be necessary to obtain information on the hydraulic properties 

(transmissivity, storativity, boundaries) of the unconsolidated 

sediments for designing an aquifer pumping system. A large-scale 

aquifer pumping test would be used to obtain the needed information. A 

6- to lO-inch diameter well (Al'-2 t Figure 3) would be located on the 

southwest side of the facility, in the vicinity of monitoring wells 4-8, 

4-PC, 5-S, 6-8, 7-D, 6-D, 10-S, 11-S, 17-S, L, M, and N. These 

monitoring wells wlll serve as observation wells during a 24- to 72-hour 

pumping test. It would also be appropriate to collect samples for 

chemical analysis during the test to aid in designing the ground water 

remediation program. Ground water removed during the pump test would be 

used to evaluate the chemical characteristics of the ground water which 

might affect the physical operation of remedial equipment (i.e., scaling 

or blinding due to precipitation of iron hydroxide or calcium 

carbonate). This evaluation would be a bench-scale evaluation. The 

pumping well will be located near where future ground water remediation 

wells may be installed. The well will be designed such that it could be 

converted from a test well to part of a ground water remediation system. 

-klW ~~J ~t.J- e.((~+ PL cftS?:;;~d c1? 
2.4 Data Use 

After data from each stage of the proposed site investigation is 

completed, it will be analyzed to see that the data are sufficient in 

quality and quantity to support the feasibility study. Data gathered in 

the site investigations will be coupled with information from the RI 
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Report to refine the understanding of the nature and extent of hazardous 

substances in soil and ground water. 

RMT will use many of the same methods presented in the Draft RI 

Report to analyze subsequent site investigations. These include the 

following: 

Evaluation of maximum, minimum, and mean constituent 
concentrat.ions. 

Evaluation of time trends in constituent concentrations. 

Revision of geologic cross sections, water table and 
piezometric contour maps, ground water flow nets and 
contaminant concentration maps. 

Re-evaluation of the No-Action Alternative (Section 7, Interim 
Report, RMT 1987a) on the basis of new information collected 
during the proposed site investigations. 

The data collected on aquifer properties will be incorporated into 

the Feasibilit.y Study. The data will be used to specifically evaluate 

ground water extraction systems that could form part of several remedial 

alternatives (Section 8, Interim Report, RMT 1987a). 

2.5 Reports 

Following completion of each stage of site investigation and 

subsequent investigation analysis, RMT will prepare a summary report 

detailing the results of the investigation as well as recommendations 

for subsequent stages of site investigation (if any). Each of these 

summary reports will be distributed as outlined in Section 3.4 of this 

report. 

1254.02 101:RTA:frid0608 21 



Once the site investigation has been completed, RMT will prepare an 

Addendum Remedial Investigation Report covering tasks conducted as part 

of this investigation. The Addendum RI Report will also reassess the 

No-Action Alternative as presented in Section 7 of the Interim Report 

(RMT, 1987a) using the data obtained by the investigation. The Addendum 

RI will be distributed as outlined in Section 3. 4. ~)Le.., 

C"1lt'J,~ Lv\U- ~ 
-/' k 0-
~~ 
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3. PROJECT MANAGEMENT 

3.1 Project Organization 

An organizational chart for the Corps of Engineers and the RMT 

project team for the NIROP RI/FS is illustrated in Figure 4. The work 

proposed in this workplan will be treated as continuing phases of the 

RI. The designated Corps of Engineers' Project Manager is Tom Thiele, 

who will provide day-to-day management of the project and will serve as 

the primary contact between RMT and the Corps. 

Eric Gredell will be the RMT Project Manager. RMT's project 

manager will provide day-to-day project oversight and will be the 

primary contact between RMT and the Corps. The remainder of the project 

team is composed of engineers, hydrogeologists, chemists, industrial 

hygienists, and support staff. This multi-disciplinary project team 

provides the mechanism for approaching this RI/FS in a systematic and 

comprehensive way. 

In addition to the project team, RMT has developed quality 

assurance/quality control (QA/C[:.) procedures that provide a mechanism 

for a high quality product. The QA/QC procedure is integrated into the 

project at all staff levels. Quality control (QC) functions begin at 

the project team level where adherence to professional standards of 

practice are maintained. 

The final level in the QA/QC program is quality assurance (QA) 

review. QA reviewers are senior consultants at RMT who are responsible 

for company-wide quality. The senior consultants I primary role is to 

provide consistency between different projects within the company. This 

is accomplished by making sure that proper QC review procedures have 

been followed throughout the project, 
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3.2 Progress Reports 

Monthly progress reports will be prepared by BMT to describe the 

technical progress of the project. These reports will include a 

discussion of the following items: 

Identification of site and activity. 

Status of work at the site and progress to date. 

Difficulties encountered during the reporting period. 

Actions being taken to rectify problems. 

Activities planned for the next month. 

Changes in personnel. 

The progress report will list target and actual completion dates for 

each element or activity, including project completion, and will provide 

an explanation of deviations from the established schedule. The 

progress chart, which is developed in Section 4 of this report, will be 

updated and submitted each month in conjunction with the monthly 

progress report. 

Monthly progress reports will be distributed according to the 

following Document Submittal List: 

Corps of Engineers Number of Copies 

MROED-E 4 
Omaha, NE 

MRDED-TG 2 
Omaha, NE 

MRDED-L 1 
Omaha, NE 

North Central Div. 2 
Chicago 
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u. S. Navy 

Philadelphia 4 

Minneapolis 3 

Minnesota Pollution Control Agency 

St. Paul 3 

Monthly progress reports will be distributed by regular mail service. 

3.3 Correspondence 

Correspondence for this project will indicate the project name, 

project stage, and the contract number. A cover letter will accompany 

each document indicating not only the above information, but also the 

date comments are due, to whom the comments are to be submitted, and the 

date and location of the review conference, etc. as appropriate. The 

contents of cover letters associated with submittals will be coordinated 

with the Corps of Engineers 1 Project Manager prior to the submittal 

date. 

3.4 Docuaents 

Documents prepared as part of the RIfFS will be distributed as 

follows: 

Corps of Engineers Number of Copies 

MROED-EA 8 
Omaha, NE 

MRDED-TG 3 
Omaha, NE 

MRDED-L 1 
Omaha, NE 

North Central Div. 2 
Chicago 
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U. S. Navy 

Philadelphia 4 

Minneapolis 3 

Minnesota Pollution Control Agency 

Draft copies of reports will be distributed to the Corps of 

Engineers' Project Manager for review prior to distribution according to 

the above document submittal list. 

Reports will be distributed by overnight delivery service. In 

addition, one reproducible, unbound copy of both reports will be 

provided to the Corps of Engineers. 

3.5 Conference Notes and Confirmation Notices 

Conference Notes 

RMT will be responsible for taking and preparing notes from 

conferences. The notes will be typed and furnished to the Corps of 

Engineers within 5 working days after the date of the conference. After 

the Corps approves the conference notes, they will be distributed to 

attendees within 3 working days. Conference notes will include at a 

minimum the following: 

Date and location of the conference with a list of 
attendees. The roster of attendees will include name, 
organization, and telephone number. 

Written comments presented by attendees will be attached to 
each report with the conference action noted. Conference 
actions will be labeled as follows: "A" for approved comment; 
"D" for a disapproved comment; "w" for a comment that has been 
withdrawn; and "E" for a comment for which an exception has 
been noted. Technical comments annotated "T" are provided for 
consideration. Comments not incorporated are to be indicated 
as such with a brief explanation. 
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Confirmation Notices 

RMT will provide a record of discussions, verbal directions, 

telephone conversations, etc. on contract matters. These records, which 

are entitled confirmation notices, will be numbered sequentially and 

will identify participating personnel, subject discussed, and conclu

sions reached. Once each week RMT will forward a reproducible copy of 

these confirmation notices to the Corps of Engineers' Project Manager. 

The government will distribute these notices. Staff at RMT will provide 

their individual copies of confirmation notices to the RMT Project 

Manager eacn week for submittal to the Corps of Engineers. 

3.6 Notification of Site Visits 

RMT will notify the Corps of Engineers' Project Manager at least 10 

days prior to site visits or, when a lO-day notice is not possible, 

after deciding to visit the site. If RMT cannot contact the Corps of 

Engineers' Project Manager, the designated representative will be 

notified. RMT will also confirm site visits immediately beforehand. 

Telephone notification of both the site visit and confirmation of the 

site visit will be considered sufficient. 

3.7 Project Records 

At the completion of the project, RMT will provide the Corps of 

Engineers with a copy of records including correspondence, memoranda, 

trip reports, confirmation notices, sampling plans, test results, 

submittals, photographs, and other records or documents generated as a 

result of the project. 
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3.8 Contract Progress Reports 

RMT will submit a progress report to the Corps of Engineers with 

each request for payment. The progress reports will indicate work 

performed, costs, and problems incurred during the payment period. 

Contract progress reports are for distribution to the Corps of Engineers 

only, and will not be distributed in the manner shown for the progress 

reports described in Section 3.2 • 
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4. PROJECT SCHEDULE 

The project schedule for the proposed field investigations is 

presented in Figure 5. This schedule will form the basis for the 

project progress chart which will be updated each month during the 

course of the project and will be submitted with the monthly progress 

reports. This progress chart will be revised to reflect any 

modifications or other approved changes in scheduling during 

investigations. 

It is important that the first round of ground water monitoring in 

Stage II of the site investigation be conducted no later than early 

December. If the monitoring is conducted as scheduled, the analysis of 

the samples can be completed during the winter months. If the first 

round of samples cannot be collected as planned, the sample collection 

may have to be delayed until warmer weather returns to provide a 

reasonable probability that QC requirements for sampling can be met. 
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'!1te Naval lndustt'ial Reserve Ordnanc-e Pl~nt ',(iURdp) is located in 

an industrial area in the northern portion of the Minneapolis/ St. Paul 
. ~ . ) --

MetropoHtan Area within the city limits of Fridley, Minneso'ta • 
• • I • 

1, .' 

Advanced tnaval weapons systems are designed and manufactured at tbe 

NIROP. The 'northern portion of the facility 'is government-owned and 
! 'l t 

operated -by a private contractor (FMC) t and the remainder of the 
:r, .f 

facilitly ~!s owned independently by FMC. 

The most significant natural resource near the facility is tkie 

MiSSiisi.pp.~ River. The City of Minneapolis water supply intake in the 

Missis:s'ippi ~ver is +ess than one mile downstream from the NIROP. A 
'. 

portion of the Anoka County Islands of Peace Mississippi Riverfront Park 
, I: :" f. ' 

is located west of the NlROP adjacent to the river • 
... I": ... : ... " ..... 

(~round water use in the vicinity of the NIROP'consistsprimarily of 
~ ... .' ~. " 

high 'e*p·.city "1Udustrial production wells completed in the 'Prairie du 
, . \ ~ "" ~ . . . ~ 

C;hiert./Joi"dan ~ (PCJ) aqUifer system. Tbe' City of : Fridley also maintains II 
.... -., . 

backup well finished in the 'PCJ"immediately north -Of the NlROP. . . 

A higbly permeable aquifer within unconsolidated ',Quaternary 

sediments overlies the PCJ in the vicin1~y of the NIROP. The 
~ I 

uncon:soiidated aquifer is hydraulically separated from the PCJ by a 

silty·t~ shaly basal bed of the St. Peter Sandstone except for an area 

where the St. Peter Sandstone has been eroded. Tbe unconsolidated 

aquifer '~s ; in contact with the PCJ in the eroded area. "The City of 

M1n~eapolis has plans to util~ze the unconsolidated aquifer for a 

"~~?e!" well system to.erve as a backup to the !'M1s,st1tSiPP,i R.i:i1e!' 

surtace water intake. 
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In March -1981, an anonymous phone call to the MPCA led to the 

discovery of trichloroethylene (TCE) in three NIROP water supply wells 

finished in the PCJ. Grab samples obtained from NIROP storm sewer 

out falls at the Mississippi River also showed contamination by TCE 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. 

Investigations into potential problems at the NIROP began 

immediately by FMC Corporation. Two separate areas of concern were 

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

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

(1981a). FMC pursued investigation of the south study area separately 

from the government-owned north study area. An agreement was recently 

reached between FMC and the MPCA for what Hickok had called the South 

Study Area. That agreement calls for pumping and discharging 

contaminated ground water to the Pig's Eye Waste Treatment Plant for 

treatment. Cleanup levels for the ground water have been set at 0.270 

mg/l total VOCs. This Remedial Investigation Report details the Navy's 

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

Study Area. which is herein referred to as the NIROP. 

On March 31, 1982, Naval officials implemented the Navy Assessment . 
and Control of Installation Pollutants (NACIP) program to identify and 

control environmental contamination from past use and disposal 

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

by Envirodyne Engineers t Inc. The lAS determined that drummed wastes-

had occasionally been buried in the northern portion of the NIROP and, 
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additionally, that the area beneath the NIROP building may be 

contributing to ground water problems. As a result of IAS recom-

mendations, the Navy contracted the U.S. Army Corps of Engineers (COE) 

to continue investigations. 

Through various geophysical and remote sensing techniques, nine 

areas were selected for excavation based on their liklihood for 

containing drummed wastes. These areas were excavated under COE 

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 (U.S. Army Corps of 

Engineers, 1984). 

Three phases of ground water monitoring well installation began in 

June 1983 under COE supervision. The current network consists of 33 

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

monitoring well. Wells have been finished in the shallow and deep 

portions of the unconsolidated aquifer as well as the PCJ aquifer. The 

monitoring well network has been used to determine physical and chemical 

characteristics of the unconsolidated and PCJ aquifers underlying the 

NIROP and some adjacent areas. 

Analysis of information gathered during this investigation 

indicates the following: 

Ground water flow is from the northeast to the southwest 
across the NIROP site. 

Ground water in the shallow and deep portions of the 
unconsolidated aquifer at the NIROP has been contamiudted by 
VOCs. 
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1. l.N'l'RODUCTIOR 

1.1 Background 

RMT, Inc., has been retained by the Omaha District of the u.s. Army 

Corps of Engineers to complete a Remedial Investigation Report for the 

Naval Industrial Reserve Ordnance Plant (NIROP) located in Fridley, 

Minnesota. 

This Remedial Investigation Report is the culmination of the 

following specific tasks as described in the USEPA guidance documents on 

RIfFS under CERCLAi 

RI Task 
RI Task 

1 - Description of Current Situation 
4 - Analysis of Existing Data 

Recommendations for additional data that need to be obtained :to 

provide additional problem definition will be addressed in the 

Conceptual Workplan which outlines activities for the remainder of the 

RIfFS. 

1.2 Purpose and Scope 

The purpose of the Remedial Investigation Report is to use existing 

information to evaluate the impacts of past disposal practices on 

subsoils and ground water. 

The scope of this report is limited to a review of existing 

information related to the NIROP site and surrounding areas which was 

developed by other consultants, the Corps of Engineers, and RMT. A list 

of previous investigations which formed the basis for this Remedial 

Investigation Report is as follows: 

Initial Assessment Study of Naval Industrial Reserve Ordnance 
Plant, Minneapolis, Minnesota, prepared by Envirodyne 
Engineers, Inc., for the Navy Assessment, June 1983. 
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Draft NlROP Hazardous Waste Clean-Up Report prepared by the 
Corps of Engineers in October 1984, and finalized by RMT in 
September 1986. 

Ground water quality and ground water level measurement data 
collected by the Corps of Engineers from October 1983 to March 
1986. 

Summary Report on Ground Water Conditions, 
Ordnance Division Plant, Minneapolis, Minnesota. 
Papadopulas and Associates, Inc. 

FMC Northern 
1983. S.S. 

Final Report Phase I and Phase II Investigation Programs, 
Northern Ordnance Division FMC Corporation. 1984. s. S. 
Papadopulas and Associates, Inc. 

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

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

Evaluation of Past Disposal Practices Phase II Hydrogeological 
Investigation, Eugene A. Hickok and Associates, December 1981. 

Feasibility Study, FMC and BNR Lands, Ground Water Regime, 
January 1985, Connestoga-Rovers & Associates, Limited. 

Response Action Plan, Fridley, Minnesota, April 1985, 
Connestoga-Rovers & Associates, Limited. 

1254.03 139:RTA:frid0506a 1-2 



• 

2. lHVBSTIG4.TIOH Sl.IIHAB.Y 

2.1 Site Background Information 

2.1.1 Site Description 

The Naval Industrial Reserve Ordnance Plant (NIROP) is operated by 

the Northern Ordnance Division of FMC Corporation and is involved with 

the manufacture of advanced naval weapon systems, including their 

development, design, engineering, 

production of naval guns in 1941. 

and testing. The plant began 

The plant has continued to produce 

naval guns and has expanded into the production of guided missile 

launching systems, torpedo tubes, and hydraulic and electric power drive 

and control systems. 

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

Paul Metropolitan Area, within the city limits of Fridley, Minnesota. 

The plant is situated approximately one-quarter mile east of the 

Mississippi River and less than one mile south of Interstate 694. The 

plant 1s bordered on the west by the East River Road and on the east by 

the Burlington Northern railyard. A general vicinities map is included 

as Figure 2-1. 

The government-owned, contractor-operated portion of the plant 

encompasses 82.61 acres. The remainder of the facility is owned and 

operated by FMC Corporation. Figure 2-2 shows the layout of the plant, 

delineating those areas owned by the Navy and those areas owned by FMC, 

as well as other site features referred to throughout the report. This 

report deals only with the government-owned portion of the facility_ 
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2.1.2 Chronology of Reaedial WOrk and Investigations 

In 1981, an anonymous phone call to the Minnesota Pollution Control 

Agency (MPCA) led to concern over waste disposal practices at the NIROP 

facility. 

Subsequently, on March 16, 1981, and April 23, 1981, Navy water 

supply wells 2 and 3 and FMC well 1 (Figure 2-2) were tested and found 

to contain trichloroethylene (TCE) at concentrations ranging from 0.035 

mg/l to 0.200 mg/l. The wells were finished in the Prairie du 

Chien/Jordan aquifer and were being used as a potable water supply. The 

wells were shut down on April 24, 1981. 

Sampling in 1981 at the Minneapolis water supply intake, 

approximately 1 mile downstream in the Mississippi River (Figure 2-2), 

revealed the unquantifiable presence of TCE during 4 sampling rounds. 

On December 31, 1981, the first quantifiable concentration (0.0012 mg/l) 

of TCE was detected at the water supply intake (Envirodyne, 1983). 

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

and Control of Installation Pollutants (NACIP) Program to identify and 

control environmental contamination from past use and disposal of 

hazardous substances at Navy and Marine Corps installations. The NACIP 

Program is part of the Department of Defense Installation Restoration 

Program, and is similar to the Environmental Protection Agency 1 s 

,. Superfund" Program authorized by the Comprehensive Environmental 

Response, Cotnpensation, and Liability Act of 1980 and the Superfund 

Amendments Reauthorization Act of 1986. 

Under the NACIP Program, Envirodyne Engineers completed an Initial 

Assessment Study (lAS) in 1983. The IAS team collected and evaluated 
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evidence of contamination that could pose a potential threat to human 

health or the environment. The lAS included a review of archival and 

facility records, interviews with personnel, and an on-site survey of 

the facility. 

The lAS team discovered that, in previous years, the storage yard 

in the northern portion of the site had been used for disposing of 

drummed waste by burial in 8- to lO-foot-deep trenches or in pits 

(Figure 2-2). 

lAS recommendations for the NlROP included the following: 

The use of geophysical techniques to locate and define the 
boundaries of waste burial areas. 

Excavation and proper disposal of wastes from located waste 
disposal areas. 

Installation of numerous monitoring wells 
presence of ground water contamination 
suspected NIROP source areas. 

'Co detect 
emanating 

the 
from 

Initial remedial action cleanup activities began in November, 1983 

as a result of lAS recommendations. Under the supervision of the U.S. 

Army Corps. of Engineers, nine areas were excavated (Figure 2-2), and 

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

majority of the drums contained inert solids; others contained PCB 

wastes, flammable solids, base solids and inert liquids. Four of the 

drums were empty (U.S. Army Corps of Engineers, 1984). The hazardous 

soils and drums were disposed in an EPA-approved landfill. Samples were 

then taken of the soils beneath the excavations and analyzed for vola-

tile organic compounds (VOCs) and PCBs. Soil samples beneath three 

trenches contained total VOC's above 1 mg/l; however, no further testing 
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was done at that time. The trenches were backfilled with clean fill, 

and removal activities were completed in March, 1984. 

Phased installation of ground water monitoring wells began in the 

fall of 1983. To date, 34 wells have been installed as part of the 

NIROP ground water monitoring network. Wells have been completed in the 

shallow and deep portions of an unconfined aquifer in the Quaternary 

sediments as well as in the Prairie du Chien bedrock aquifer. Eight 

rounds of ground water sampling have been conducted at the NIROP since 

October 1983. 

2.1.3 Historical Description 

Facility Type. The NIROP dates back to 1940 when Northern Pump 

Company negotiated with the Navy for the construction of a new 

manufacturing plant. Northern Pump had been under defense contracts to 

the Navy throughout the 1930' s. These defense contracts eventually 

reached a level where Northern Pump 1 s existing plant in Minneapolis was 

inadequate. An arrangement was made to construct a new plant. The 

arrangement was unique in that the plant was partly owned by the 

government and partly owned by Northern Pump Company. The site chosen 

for the plant was a corn field just north of the Minneapolis city 

limits, within the Township of Fridley. The new plant was completed in 

just 60 days, with machinery, office equipment, and records moved intact 

by flat car from the old plant. By January 1941, the plant was in full 

production. 

In June 1942, Northern Pump Company established Northern Ordnance, 

Incorporated, as an operating subsidiary to conduct the government 
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early 1970s, small burnable material was processed in the NIROP 

incinerator. Incinerator ash was, in turn, hauled to a disposal area 

off Navy property. 

Hazardous wastes are currently placed in 55-gallon drums for 

disposal off Navy property by a contractor. On the average, 

approximately 30 drums per month were disposed of since the early 

1970s. Before 1973, industrial wastes such as paint sludge and 

chlorinated solvents were typically disposed in landfills off Navy 

property. Limited disposal of these materials also occurred on Navy 

property in the early 1970s. These materials were placed in on-site 

pits or trenches in the northern portion of the NIROP property. 

The NIROP has one on-site industrial wastewater treatment plant for 

handling chemical wastes from the plating shop. Plant sanitary waste

water, and both treated and untreated industrial wastewater, are 

discharged to the sanitary sewer system. 

Incidents. No serious incidents (fire, explosion, etc.) have been 

reported at the NIROP facility. Several spills of various materials 

including acids, paints, solvents, fuel oil, and gasoline have occurred 

in varying quantities. Records of spills which occurred in 1984, 1985, 

and 1986, have been incorporated into this report. Records were not 

available prior to 1984. 

Site Investigations and Regulatory Violations. Investigations of 

the NIROP were instigated by the discovery of TeE in the Navy wells on 

the NIROP facility and at the City of Minneapolis water intake in the 

nearby Mississippi River. The investigation began with the Initial 

Assessment Study (Envirodyne Engineers, 1983). Subsequently, excavation 
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of on-site buried drummed wastes has been completed under COE 

supervision. Additionally, 34 monitoring wells have been installed to 

date and eight rounds of ground water sampling have been completed. 

A Request for Response Action (RFRA) was issued to the Navy by the 

Minnesota Pollution Control Agency in May 1984. The obligation to take 

response action required a Remedial Investigation/Feasibility Study 

(RI/FS) be completed by the Navy. 

2.1.4 Other Factors 

Planned Use. The NIROP facility has been operating at its present 

location since 1941. No plans to change that operation are known at 

this time. 

Conflicting or Missing Information. Certain areas of this 

investigation contain conflicting or missing information. Specific 

problem areas include the following: 

The IAS (Envirodyne, 1983) reported that between 50 to 100 
drums of waste were disposed in two trenches on the northern 
portion of the NIROP facility. TWo additional pits reportedly 
received 25 drUIDS each. The number of drums disposed, as well 
as burial locations, was based on employee recollection and 
hearsay. After review of file information and aerial 
photographs, as well as completion of a field geophysical 
survey, nine areas were selected for excavation with MPCA 
concurrence. Subsequently, 43 drums were removed from 2 of 
the 9 excavated areas. Although a discrepency exists between 
the number of drums reportedly disposed and the number 
recovered, the COE is confident that the drum removal project 
was successful. 

Documentation of the excavation of Pit 5 as performed 
indicates that the true area to be excavated was approximately 
40 feet east of the area indicated on Drawing 3 of 3 in the 
Project Report of the Hazardous Waste Cleanup Site (COE, 
1986). This discrepancy was brought to the attention of the 
COE. Subsequent investigation by the COE indicated that 
Drawing 1 of 3 from the Project Report (COE, 1986) shows an 
incorrect planned location for Pit 5 excavation. The COE 
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indicated that the actual excavation area for Pit 5 was the 
correct location. No information is available regarding why 
the planned location for Pit 5 was shown incorrectly on 
Drawing 1 of 3. The decision to locate the actual Pit 5 
excavation 40 feet west of the planned location was reportedly 
made in the field by the COE during the excavation work, based 
on additional field measurements. 

Total volatile organic compound concentrations detected in 
soils in Pit 7 exceeded 1 part per million (ppm). - The COE 
(1984) indicated that MPCA guidelines established backfilling 
requirements of 1 ppm and that only trenches number 3 and 6 
exceeded the guideline. Subsequent review of soils analytical 
data show that TCE was detected in Pit 7 at 1.3 mg/kg (ppm). 

Conflicting information exists regarding underground tanks in 
the vicinity of well 9-S. - The Initial Assessment Study (lAS) 
(Envirodyne, 1983) shows the location of both above- and 
below-ground tank locations. Figure 2-2 of this report was 
adapted from IAS information. Recently received information 
from FMC laDeled "Enclosure (15) One General Arrangement Plan 
Drawing - Present Status" (not otherwise labeled or dated) 
shows at least one and possibly two additional 2,000-gallon 
underground tanks in the Vicinity of 9-8. An April 9, 1987, 
letter from the FMC Environmental Manager states that one of 
these two tanks currently contains mineral spirits and that 
the other tank was abandoned at an unknown date. Prior uses 
of these two tanks, which were installed in the 19508, is 
unknown. 

Data regarding ground water quality in the deeper portions of 
the unconfined aquifer is lacking in some locations. 

Ground water data for xylene are sparse in the immediate area 
of the pits/trenches. Xylene was detected in a significant 
quantity (39 percent by weight) in drums removed from the 
pit/trench area. Xylene was not analyzed in soil samples 
obtained from the pits/trenches and has been analyzed only 
once (November, 1986) in ground water. Therefore, conclusions 
regarding the presence or absence of xylene in ground water 
cannot be made at this time. 

A subsurface investigation of the dry well in Hazardous Waste 
Storage Area e revealed VOCs and metals in soils and 
potentially in ground water. There are no monitoring wells 
located downgradient of Hazardous Waste Storage Area C. 

The oLLly known sampling of the storm sewer outfalls to the 
Mississippi River were reported by Hickok (1981). Current 
sampling data would be useful to look at voe loading to the 
Mississippi River. 
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2.2 Nature aud htent of the Problea 

Results of this investigation indicate that multiple sources of 

ground water contamination exist in the vicinity of the NIROP, and that 

contaminant sources include NIROP activities as well as undefined off-

site sources. The degree of off-site contribution has not been 

determined at this time but may be significant. Contaminated ground 

water from these sources apparently has migrated to the Mississippi 

River. Trichloroethylene (TCE) has been detected at the City of 

Minneapolis drinking water intake less than one mile downstream from the 

NIROP. 

Contaminants detected in ground water are primarily volatile 

organic compounds (VOCs). This investigation has determined that TCE is 

the best indicator of ground water contamination within the study area. 

The following key items which have been developed in Sections 4, 5, 

6, and 7 are presented in support of the above statements: 

1. Ground water use in the vicinity of the NIROP consists primarily of 
industrial production wells completed in the Prairie du 
Chien/Jordan bedrock aquifer. Shallow ground water use was 
reported by Papadopulos (1983) as consisting of two farm wells; one 
north and west of the NIROP (upgradient), and one about 900 feet 
south and west of the NIROP. The present condition of these wells 
is unknown; however, they appear to be located in what is now a 
county park and therefore, may no longer exist. 

2. Thirty-three ground water monitoring wells have been installed at 
the NIROP site under the direction of the COE. One additional well 
(FMC-33), installed as part of the FMC Study, has been used for 
this study. Data from well borings have yielded the following 
geologic findings: 

Unconsolidated sil ty sand, gravelly sand, sandy gravel or 
gravel was found in nearly all borings. 

Clay, silty clay, sandy clay or clayey silt lenses were 
observed in several borings at various depths. These lenses 
appear to be discontinuous across the site. Underneath the 
adjacent FMC site these clay deposits are apparently 
continuous. 
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Underneath the alluvial deposits is the St. Peter Sandstone 
which is 37 feet thick at the northern property line and not 
present near the southern property line. Where present, the 
St. Peter Sandstone acts as a confining layer above the 
underlying Prairie du Chien Dolomite. The lack of continuous 
confining layers in the alluvial aquifer and above the bedrock 
means that contaminants could potentially migrate throughout 
the alluvial aquifer and into the bedrock aquifer. 

3. Numerous rounds of ground water elevations have been obtained from 
the NIROP monitoring wells. The following findings have been 
developed from this data. 

Ground water flow in the shallow and deep portions of the 
alluvial aquifer is generally to the southwest or west toward 
the Mississippi River with horizontal hydraulic gradients that 
vary from 0.0005 ft/ft to 0.014 ft/ft. Average linear ground 
water velocities for these gradients would range from 40 to 
1t 100 ft/yr, assuming hydraulic conductivities estimated by. 
Papadopulos (1984) and porosities from Freeze and Cherry 
(1979). This movement of contaminants in the shallow aquifer 
would take approximately 0.5 years to travel from the western 
property boundary of the NIROP site to the Mississippi River. 

Flow in the bedrock (Prairie du Chien) aquifer is also to the 
southwest (toward the Mississippi River) with horizontal 
hydraulic gradients of 0.0008 ft/ft. The average linear 
ground water flow velocity for this gradient, assuming 
hydraulic conductivities estimated by Kanivetsky __ ~9792 and a 
porosity from Freeze and Cherry (1979), ;is 67 feet/year. In 
the bedrock aquifer it wouici- -Eake--approximately 15 years to 
travel the same distance. This evaluation assumes typical 
gradients and flow distances and no attenuation of the 
constituents. 

In general, vertical hydraulic gradients in the alluvial 
aquifer are near zero, except in those areas where clay lenses 
exist and the vertical gradients are downward. Vertical 
gradients between the deep alluvial aquifer and the bedrock 
(Prairie du Chien) aquifer are generally upward and increase 
in the vicinity of the MissiSSippi River, which is the 
regional discharge for both the alluvial and bedrock aquifers. 

4. Ground water quality on the basis of the eight sampling rounds and 
water quality analyses performed can be summarized as follows: 

Inorganics - Prior to November 1986, only total concentrations 
(unfiltered samples) were reported and the data suggested that 
significant concentrations of inorganic constituents could be 
found in the ground water. The samples collected in November 
1986 had total concentrations fairly consistent with previous 
results. However dissolved concentrations (filtered samples) 
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5. 

were analyzed for the first time and were considerably lower, 
indicative of the fact that much of the inorganic concentra
tions were associated with sediments in the samples. Sediment 
that is transported by ground water is not generally 
consumed. Of the dissolved inorganic concentrations detected 
only three constituents exceeded federal standards; manganese, 
sulfate and selenium. Of these constituents, manganese and 
sulfate both exhibited concentrations in excess of SMCLs in 
both background wells and downgradient wells and therefore are 
not associated with activities at the NlROP. 

Selenium in a sample from well 9-S (0.49 mg/l) is the only 
dissolved inorganic constituent detected in ground water above 
an MCL. Since well 9-S is located along the eastern 
(upgradient) edge of the NIROP facility, it is possible that 
selenium detected in well 9-S is related to an off-site 
source. 

PCBs - PCBs were detected in several wells at concentrations 
near the detection limit. PCB Aroclors varied between sampl
ing rounds as did the locations where PCBs were detected. 
Although PCBs were detected in drums and soils in the pit/ 
trench disposal area, they were not detected in wells 
immediately downgradient. Low confidence in the reported 
values (near detection limits) and the lack of spatial or 
temporal patterns suggests that PCBs are not of concern in the 
ground water. 

Organics - The primary organic compound detected in ground 
water on the NIROP site is TCE. Other organic compounds occur 
at much lower concentrations than TCE. 1,2-Dichloroethylene 
isomers (breakdown products of TCE) appear to be correlated 
with the occurrence of TCE. Tetrachloroethylene, 1,1 
dichloroethane, and 1,1,1 trichloroethane also generally occur 
in the same areas as TCE, but at much lower concentrations. 
TCE has been detected in background wells 15-S and l6-S 
(Figure 2-2) at concentrations as high as 0.017 mg/l and 0.17 
mg/l, respectively_ 

1,1 Dichloroethylene has been detected in well 9-S only, and 
thus, exhibits a distinctive distribution pattern. The 
balance of organic compounds detected in ground water were 
detected at insignificant concentrations or demonstrated no 
obvious source areas. 

Raw materials used and thus wastes generated at the 
chlorinated and non-chlorinated solvents, acids, 
conditioners, stripping and cleaning agents, 
photographic chemicals. 

NIROP include 
bases, metal 
paints, and 
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6. Data for the years 1984 through 1986 indicate leaks and spills of 
various raw materials, including TeE, have occurred at the NIROP 
and that spilled materials have entered both the storm and sanitary 
sewer systems. It is likely that activities prior to 1984 resulted 
in a similar frequency of spills, type of spilled materials, and 
spill volume. 

7. Past NIROP waste disposal practices included occasional burying of 
drummed wastes in pits and trenches in the northern portion of the 
facility property. Identification and removal of the drummed 
wastes were undertaken by the Navy to remediate conditions. 
Hazardous substances were detected in 39 of 43 drums excavated. 
Hazardous substances identified in drums and underlying soils in 
the pits and trenches included VOCs, PCBs, pesticides, and metals. 
VOCs were the only hazardous substance detected in drums and soils 
which have been detected in shallow ground water downgradient of 
the disposal area in significant concentrations. The mix of VOCs 
detected in wells immediately downgradient of the pit/ trench drum 
disposal area (3-S, FMC-33, and 8-8) included TCE, 1,1,1 
trichloroethane, 1,2 dichloroethylene and tetrachloroethylene. Of 
these VOCs, TCE was detected most often and in the highest 
concentrations. TeE concentrations declined dramatically upon 
completion of drum excavation and then leveled off in wells 3-S and 
FMC-33. However, an increase in TCE concentrations has been noted 
in well 8-S in the November 1986 sampling round. The cause of this 
increase is unknown. Evaluation of the deep alluvial aquifer in 
this area would require an additional well(s). 

8. TeE-contaminated ground water was detected to the north and east 
(upgradient) of the NIROP in shallow alluvial wells 15-8 and 16-
5. Evaluation of the deep alluvial aquifer in this area was not 
possible since there are no deep wells. Detection of TCE 
upgradient of the facility at these locations suggests that a 
separate contaminant source exists which is not on the NIROP 
property. 

9. Ground water contamination by a similar mix of contaminants as 
those detected in wells downgradient of the pit/trench area was 
detected in shallow alluvial well 9-5 along the eastern NIROP 
property boundary. 1,1, Dichloroethane and selenium (in excess of 
the MCL) were also detected in well 9-5. Due to the location of 
well 9-S, relative to ground water flow and potential on-site 
sources, as well as the detection of 1,1 dichloroethane and 
selenium, an off-site source of contamination east or northeast of 
well 9-S is suggested. Evaluation of the deep alluvial aquifer 
near well 9-S would require an additional welles). 

10. A fourth area of contamination was indicated on the southwestern 
portion of the NIROP facility near wells 10-5, 6-5, 11-S, and 17-
5. Constituents detected in well 10-5 indicate a pure TeE source, 
while those in well 6-S indicate a mix similar to those previously 
discussed. An above-ground TeE tank formerly located near well 
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10-S or its distribution system may be the source of this 
problem. Over 13,000 gallons of TCE per year are used at the 
NIROP. Although the contaminants detected in well 6-S may be an 
extension of the plume from the pit/trench area, the building 
envelope including leaks from the storm and sanitary sewers are 
also potential sources. 

11. Soil and water samples obtained from a dry well in Hazardous Waste 
Storage Area C (Figure 2-2) indicated the presence of TCE, 1,1,1 
trichloroethane, 1,2 dichloroethylene, tetrachloroethylene, 
toluene, xylene, and ethylbenzene as well as chrOmium, lead, and 
cadmium. There are no monitoring wells downgradient of Hazardous 
Waste Storage Area C; thus, no conclusions regarding the possible 
spread of contaminants from this area can be made. 

2.2.1 Special Waste COnsiderations 

Production of naval ordnance has always been the primary focus at 

the NIROP. No ammunition production or loading operations were 

conducted at the facility. Additionally, the only radioactive source 

used at the facility was removed from service and shipped to the 

Barnwell Waste Management Facility, Barnwell, South Carolina, in 

December 1982. 

2.2.2 Effects of ContaaiDants fro. the Site 

Hazardous substances have migrated from the site to the surface 

waters of the MiSSissippi River. No adverse effects from these 

substances have been reported or observed. Likewise, no vegetative 

stress or aquatic problems have been reported or observed. 

2.2.3 Hear-Future lapacts of Site Conditions 

The City of Minneapolis has proposed to install wells in the 

alluvial aquifer near the NIROP facility. These wells would supplement 

current sources during peak demand. A hydrogeologic investigation of 
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the alluvial aquifer has been completed by the Ranney Company (1978). 

Definitive plans and a completion date for this project are not known at 

this time. 

2.3 Investigation Summary 

The initial investigation of conditions at the NIROP was performed 

in 1981 by Hickok and Associates under contract to FMC Corporation. 

Hickock identified two separate areas of concern which they called the 

South Study Area and the North Study Area. Subsequently, FMC began 

investigation of the South Study Area in 1981, while investigation of 

the North Study Area was undertaken by the Navy. 

The Navy's investigation at the NIROP facility began in March 1982, 

as part of the Navy Assessment and Control of Installation Pollution 

(NACIP) program. As part of the NACIP program, an Initial Assessment 

Study was performed to identify and assess site areas posing a potential 

threat to human health or the environment due to contamination from past 

operations including hazardous materials. The LAS concluded that three 

areas warranted further investigation. As a result of lAS 

recommendations, the Navy through the U.S Army Corps of Engineers (COE) 

initiated cleanup of the pit/trench disposal area and installed and 

sampled 34 ground water monitoring wells. 

In June 1986, after seven rounds of ground water sampling and 

analysis, COE retained RMT, Inc., of Madison, Wisconsin, to complete 

this investigation. Subsequently, a comprehensive round of ground water 

sampling has been performed as ~~ll as preparation of this report. 
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Concurrent with this investigation, FMC Corporation, through 

various subcontractors, conducted the investigation of a separate ground 

water contamination problem on FMC property immediately to the south of 

the NIROP study. Based on studies completed by FMC, an agreement was 

reached with the MPCA. FMC has agreed to pump TCE-contaminated ground 

water and discharge it for treatment to the Pig's Eye Sewage Treatment 

Plant. FMC cleanup levels have been set at 0.270 parts per million 

(ppm) total VOCs. 

2.4 Overview of Report 

This report generally follows the basic Remedial Investigation 

Report format as outlined in the "Guidance on Remedial Investigations 

Under CERCLA, It USEPA (1985). 

The report has been divided into 7 major sections as well as 

references (Section 8) t a terminology guide (Section 9), and 

Appendices. Raw data and supporting documents are included in 

Volume II. 

Sections 3 through 7 provide information from the following project 

investigations: 

Site Features Investigation (Section 3). 

Hazardous Substances Investigation (Section 4). 

Subsurface Investigation (Section 5). 

Surface Water Investigation (Section 6). 

Assessment of Potential Impact of Existing Ground Water 
Contamination to Public Health (Section 7). 
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Appendices A through D included in Volume I are as follows: 

Chronological Summary of Constituents Detected in at Least One 
Sample from NIROP Ground Water Analyses (Appendix A). 

Alphabetical Summary of Constituents Detected in at Least One 
Sample from NIROP Ground Water Analyses (Appendix B). 

Maximum and Mean Concentrations of Constituents Detected in 
NIROP Ground Water Analyses (Appendix C). 

Constituents Added November 1986 (Appendix D). 
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3. SITE FEATOR.ES INVESTIGATION 

3.1 Demography 

The Naval Industrial Reserve Ordnance Plant is in the City of 

Fridley, Anoka County, Minnesota. Population estimates for 1984 place 

Fridley's population at 29,270 residents. Anoka County's population, 

according to 1984 estimates, was 210,939 people. 

The NIROP facility is located near the northern boundary of the 

metropolitan statistical area (as defined by the U.S. Bureau of Census) 

for Minneapolis-St. Paul, Minnesota-Wisconsin. The area was estimated 

to contain a population of 2,262,400 people in 1985. The facility is 

situated in the southern-most tip of Anoka County. 

3.2 Land Use 

The NIROP site and properties neighboring on the north, east, and 

south, are zoned "heavy industrial." 

Also located between East River Road and the Mississippi River 

(west of the site) is the "Anoka County Islands of Peace Mississippi 

Riverfront Park." The park is a day""'Use recreation facility on the 

river's edge, consisting of approximately 60 acres. 

3.3 Natural Resources 

Two significant waterways are in the vicinity of the site: Rice 

Creek approximately 2 miles to the north and the Mississippi River to 

the west. Because of ground water and surface water flow directions 

(west and south), it is unlikely that the NIROP facility would imt>act 

Rice Creek. 
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The Mississippi River provides active recreational opportunities to 

boaters and anglers as well as passive recreation because of its 

aesthetics and historical significance. The river also serves as a 

source of public and private water supply. The City of Minneapolis 

waterworks facility is located approximately 2,000 feet south 

(downstream) of the NIROP (see Section 6.3 for further details). 

The NIROP facility is situated over an aquifer capable of yielding 

significant quantities of water for residential or municipal supplies. 

The aquifer is generally restricted to the Mississippi River Valley. 

3.4 Cliaatology 

The climate in the area of the NIROP is characterized by warm 

summers with average temperatures ranging from the upper 70°F to the low 

80°F, with moderate rainfall averaging about 17 inches. Winter tempera

tures average between 3 and 7 OF for January and February. Winter 

precipitation (during the months of October through April) averages 

about 9 inches. Temperature extremes for the area range from -34 0 to 

104°F (Envirodyne, 1983). 

Wind directions vary throughout the year. Northwest winds prevail 

from November through April; southeast winds are dominant in May, June, 

August, and October; and southern winds dominate in July and 

September. Wind speeds are fairly constant throughout the year, 

averaging 10.5 miles per hour (Envirodyne, 1983). 
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4. 

This section of the report summarizes the information ~lT obtained 

from the COE and FMC regarding substances found at the NIROP. All of 

the documents reviewed were produced during the 1980s. The facility, 

however, has been in existence since 1941. Very little information is 

available for this forty-year period and most of what does exist is 

anecdotal, such as recollections of older employees, or indirect, such 

as air photo interpretation. Although the Initial Assessment Study 

(Envirodyne Engineers, 1983) was designed to provide a comprehensive 

evaluation of past hazardous waste generation or disposal, little is 

known about site activities prior to the 1960s. The information 

presented here, consequently, can only provide a .. snap sho t" of current 

practices that may not be representative of past practices nor lead to 

the identification of all past disposal areas or other potential sources 

of hazardous substance releases. This section is divided into two 

parts. The first part describes the hazardous substances that are used 

at the NIROP, the processes that utilize hazardous substances and 

generate hazardous wastes, and the disposition of the hazardous 

wastes. The second part of this section describes the physical and 

chemical behavior of the major hazardous substances found at the NIROP. 

4.1 Hazardous Substance Types 

This section addresses hazardous substance quantities, location, 

components, containment, composition, and management methods. It covers 

the materials at the site that may be potential sources of environmental 

contamination or public health threats, or which may be of importance 

during remediation. 
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4.1.1 Raw Materials 

The NIROP uses a wide variety of raw materials for industrial 

operations. Tanks and stockrooms used for storage of raw materials are 

located throughout the facility. Most materials used for the various 

industrial operations are stored in stockrooms associated with 

individual departments. Only hazardous materials are stored in a 

central location (Figure 4-1). These materials are not dispensed from 

this location but are transported directly to the shops through the 

Maintenance Control Center. 

Numerous hazardous materials including metal conditioners, 

stripping and cleaning agents, solvents, paints, acids, bases, and 

photographic chemicals are used at the NIROP. All fresh chemicals and 

machinery oils are kept in the central hazardous materials storage 

area. Materials are labeled upon receipt and stored in their shipping 

containers. Items are segregated by type (acids, bases, solvents, etc.) 

into individually diked rooms. The oil and sol vent stockroom contains 

an explosion-proof ceiling. 

Specific materials used at the NIROP for which material safety data 

sheets have been provided to RMT by the COE include the following: 

Product Ingredients Use 

Rel.iasol v 564 90% Tetrachloroethylene Cleaner and resin flux: raoover 

Diko Mixed phenols M::>lding san:i bin:ler (use has been 
discontinue:i ) 

23-75 o:>reactant Bisphenyl isocyanate lhenolic based resin binder used 
Aranatic hydrocarbons in tJX)~ san:is 

Various Pepset Aranatic and aliphatic Rlenolic based resin binder 
Formulations hydrocarbons prenol, used in tJX)~ san:is 

fomaldehyde, p:>lyn:eric 
diisocyante ani pyridine 
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Various Isocure 
Forn:a.il.atioos 

Rust-Lick G-25-JA 

Trimsol 

Aranatic ani aliphatic 
h)'drocarlxns, triethylau1.ne, 
p:>lymer1c diisocyanate, 
plBlol, £otmaldehyde, 
alcornl, ani aranatic acid 
derivatives 

1Imines, nitrate, 
p:>lyoxyethylene 
(dimethylimino) ethylene 
dichloride 

Fetroleun oil, chlorinated 
wax, enuls1fiers, odorants, 
and dye 

Fowdry operations, resins, 
an:i.nes 

Machine coolant 

M:ichine coolant 

Trichloroethylene (TCE) is also used in the NIROP facility in large 

quantities. Commercial or technical grade TCE can contain other 

compounds that are also considered hazardous substances. These include 

chloroform and 1,1,1 trichloroethane. 1,1,1 Trichloroethane is also 

used in relatively large quantities in vapor degreasers. Material 

safety data sheets for TCE and 1,1,1 trichloroethane were not provided. 

Both above-ground and underground tanks are located outside for 

bulk storage of oil and several other materials. Tanks used for 

materials storage at the NIROP, their locations and contents, are shown 

on Figure 2-2. 

Due to the detection of trichloroethylene (TCE) and other volatile 

organic compounds (VOCs) in ground water, tanks containing VOCs are of 

primary concern to this investigation. The current TCE storage tank (T2 

on Figure 2-2) was moved to its present location under permit number 

M-83-S, issued by the MPCA in May 1983. The 8,670-gallon steel TCE tank 

is above ground. Safeguards include a 5-foot-2-inch-high concrete wall 

surrounding and contiguous with a base slab constructed of 6 inches of 

reinforced concrete. There is no curbing or containment for trucks 
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delivering or receiving the TCE and there are no overflow prevention 

devices or alarms. The TCE is transported into the plant in "tote 

tanks" hauled on trucks. 

points of use. 

The trucks deliver the TCE to the various 

Prior to May 1983, a steel TCE storage tank was located on the west 

side of the building (Figure 2-2). TCE distribution at that time was by 

piping laid in a covered concrete trench. The lO-foot-diameter, 15-

foot-high tank was placed on a 7 l/2-inch-thick concrete pad. The 

original TCE storage and distribution system drawing (FMC Drawing Nos 

2555F. 2558F, and 2574F October 1966) shows no spill containment 

provisions. 

The principal oil used over the years at the NIROP has been #6 fuel 

oil. The oil is stored in six above-ground insulated steel tanks 

(65,OOO-gallon capacity) located outside in a drainless, diked area 

adjacent to the Plant Maintenance Department. All tanks are connected 

by equalizer lines at the top to guard against overflowing. 

Four steel underground tanks (18,OOO-ga1lon capacity) are also used 

to store #6 fuel oil. These tanks are located in an area adjacent to 

the Boiler Room (Figure 2-2). The tanks are similarly connected by 

equalizer lines to prevent overflow. There are no sanitary or storm 

drain inlets in the vicinity of these tanks. Storm sewers have been 

sealed at the oil unloading stations to prevent leaking or spilled oil 

from entering the system. 

Spills and leaks of stored materials have occurred at the NIROP, 

both indoors at storage areas and shipping and receiving areas, as well 

as outdoors at storage tanks. Records obtained from FMC for the years 

1254.03 139:RTA:frid0506b 4-4 



1984 to 1986 list 23 spills in these areas of acids, oils, solvents, and 

plating solutions in quantities ranging from less than 1 to 15 gallons 

per spill. Various methods were used to clean up these spills. Records 

for years prior to 1984 were not provided. The records for the years 

1984 through 1986 are found in Volume II of this report. It is likely 

that previous facility activities resulted in a similar frequency of 

spills, type of spilled material, and spill volumes. 

4.1.2 Industrial Processes 

The proceSSing and manufacturing operations associated with the 

facility include machine shop, metal plating shop, paint shop, assembly, 

foundry, heat treating, welding, and associated support facilities. 

Locations of production areas at the NIROP have varied over the 

years. Figure 4-1 shows areas of the facility which were being used for 

various activities as defined by Envirodyne (1983). 

Reports documenting spills and leaks that occurred in process areas 

during the period from 1984 to 1986 were provided by the COE. One 

hundred and thirty-three (133) spills were reported over the three-year 

period. Spilled materials included cyanide compounds, acids, oils, 

plating solutions, paint, ethylene glycol, paint thinner and solvents. 

Individual spill volumes ranged from less than 1 to 4,000 gallons. 

Approximately 780 gallons of TCE were also reported to have been spilled 

during the three-year period, including a 200-gallon spill in the 

plating area (April 1984) and a 520-gallon spill in the foundry area 

(September 1985). Generally, spilled material was recovered with 

absorbent material or vacuuming. Some of the spilled material, 
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including part of the 200 gallons of TCE, was lost to floor drains or 

the sanitary sewer system. Some reported corrective measures included 

the sealing of floor grates to prevent future spill losses. 

4.1.3 Waste Storage, Processing, and Disposal Practices 

Hazardous Waste Storage Areas. 

Table 4-1 summarizes findings regarding waste production in the 

industrial process areas. Much of the information reported in Table 4-1 

has been taken from the Initial Assessment Study by Envirodyne 

Engineers, Inc., June 1983. Findings reflect conditions at the NIROP in 

the 1970's and early 1980's. Little information is available regarding 

practices during the 1940's and 1950's. 

Three areas of hazardous waste storage, designated A, B, and C, are 

located at the facility. Areas A and B are located within the plant 

building. Area C is located in an outlying building near the northeast 

corner of the main plant building (see Figure 4-1). 

The maximum number of drums that can be stored in the existing 

storage areas is 274 55-gallon drums distributed as follows: 

Area A - Storage Shed - 52 drums 
Area B - Storage Crib - 108 drums 
Area C - Building - 114 drums 

The three storage areas are currently being replaced by a new 

storage facility with a capacity of 288 55-gallon drums. Closure plans 

for Areas A, B, and C have been submitted for both state and federal 

approval. 

During closure of Storage Area C, ~t was discovered that a sump in 

the building floor was actually a dry well. The dry well consisted of a 
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TABLE 4-1 

SUMMARY OF WASTES GENERATED BY INDUSTRIAL PROCESS AREAS 

Production Area 

Machine Shop 

Metal Plating 

Cleaning/~greasing 
(Plant-wlde) 

Paint Shop 

Waste Generated 

Metal scrap, shavings, water soluble 
coolants, lubricating am cutting 
oils, hydraulic oils 

kids, caustics, chromium am cyanide 
bearing liquids 

Plating Sludges 

TCE 
Stoddard Solvent 

1 t l, 1 Trichloroethane 

Paint sludges, cleaners, 
phosphatlzers, chromic acid, rinse 
water contaning naphtha or 
nethylethyl ketOJE (MEK), am toluene 
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Disposal Methods 

Sane recycling, 5O,0Xl to 15O,0Xl gallons/year of liquids to 
sanitary sewer. Approx:iJmtely 8 htrrels/year of sludges 
disposed off-site. 

Pre-1973 liquids p.lIlIped to sanitary sewer or disposed off-
site. Post-1978 wastewater pretreat:rrent then to sanitary 
sewer. 

Approximtely 25 barrels/year disposed off-site. Sa:le on
site disposal prior to 1973. 

Approximtely 40 barrels/year of TCE sold to reclainer. 
ApproxillBte1y 120 barrels/year of stoddard solvent disposed 
off-site. 
Approximte1y 75 barrels/year of 1,1,1 trichloroethane 
disposed off-site. 

1960' s - 2 to 3 barrels/year sludges disposed off-site with 
swe pre8UllB:i disposed on-site in pits am trenches. 

1970's - filter system installed with filters disposed off
site. 

Cleaner, tfnsphatizers discharged to sanitary ~r. 

Orranic acid collected am processed with plating effluent 
pretreatillmt. 

Rinse ~ter discharged to sanitary sewer. 

Cleaners containing MEl<, toluene, or naphtm disposed off
site (approx:iImtely 20 gallons/day). 



Assembly 

Fotmdry 

Heat Treating 

Photo Shop 

Vklding Def6rtnent 

Boiler Plant 

• • 
TABLE 4-1 (Cont'd) 

SUMMARY OF WASTES GENERATED BY INDUSTRIAL PROCESS AREAS 

Stoddard solvent, 1,1,1-
trichloroethane, wash water, solvent
soaked rags 

Sand 

Q.lench oils, W:1ter-based oils, mn
cyanide bearing salts, cyanide 
bearing salts, grit/bead blast 

Fixer, developer, and silver bearing 
liquids 

Rod stuhs, flux, slag, line carbide 

Condensate blCMd<Ml.l 

Stoddard solvent am 1,1,1 trichloroethane irtcluded with 
cleanlng/degreas~ (above). Wash water discharged to 
sanitary sewer. Solvent-soaked rags collected in closed 
containers and washErl on-site. 

Most sand is II:!clained, 'txMever, nn-reclalnBble sand (core 
retts) dispJsed off-site. Sane COIl:! retts reportedly 
disposed on-site at oorth property prior to 1970. Mter 
1970 dispJSed by contract hauler. 

Q,tench oil h.trned in roilers. Water-based oils dLscharged 
to sanitary sewer. Approximately 1,200 poorrls/year ead1 of 
waste salts (oon-cyanide and cyanide) disp:>sed off-site. 
Grit/bead blast wastes dispJsai off-site. 

))),000 gallons of rinsewater discharged annually. 

Wastes collected am disposed off-site. 

))),000 gallons/year discharged to sanitary sewer. 
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section of 48-inch-diameter concrete pipe filled with crushed rock. The 

base of the concrete pipe was 10.83 feet below grade at an elevation of 

825.17 feet according to the original Closure Plan submitted in the RCRA 

Part B Application (MSL). Core samples taken and analyzed from beneath 

the dry well indicated contamination by halogenated and aromatic 

solvents. As a result, actions have been taken to seal this dry well 

temporarily until final closure of the storage area. 

Soil samples from beneath the dry well at Hazardous Waste Storage 

Area C were obtained on May 30, 1985, by Braun Engineering of 

Minneapolis. Samples were taken to a depth of 14.5 feet below the base 

of the dry well or to an approximate elevation of 810.7 feet (MSL). 

Since the water table elevation from the well closest to Hazardous Waste 

Storage Area C (4-S) was 814.95 feet on June 10, 1985, it is assumed 

that the samples obtained from greater than 10 feet below the dry well 

were below the water table. The samples contained chromium, cadmium, 

and lead at 24, 2.8, and 32 mg/kg, respectively, at the 4-foot to 6-foot 

level. Chromium, cadmium, and lead concentrations decreased to 7.2, 

0.17, and 4.7 mg/kg, respectively, at the 10-foot to 12-foot levels. 

Organic compounds detected in the soil sample from the 4-foot to 6-foot 

level included ethyl benzene (7.9 mg/kg), m-xylene (19 mg/kg), o-xylene 

and p-xylene (28 mg/kg) , toluene (6.9 mg/kg), 1,2-dichloroethylene (19 

mg/kg), tetrachloroethylene (26 mg/kg), 1,1,1 trichloroethane (1.2 

mg/kg), and trichloroethylene (430 mg/kg). Organic contaminants 

detected at the lo-foot to 12-foot level were tetrachloroethylene (66 

mg/kg) and trichloroethylene (62 mg/kg). 
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A water sample was also obtained from the dry well in Hazardous 

Waste Storage Area C. Although one might not expect to see standing 

water in a dry well, water was observed during the July 25, 1986, site 

visit. It is unclear how water from the dry well was sampled, but 

sampling was performed by Braun Engineering in May 1985. It is doubtful 

that this sample represents ground water conditions at Area C, but 

rather represents spills of materials which occurred in the storage area 

combined with surface runoff. 

Results of the water sample obtained by Braun Engineering showed 

the following organic contaminants: ethyl benzene (3.3 mg/I), m-xylene 

(11 mg/l), o-xylene and p-xylene (6.9 mg/1), toluene (2.4 mg/l) , cis and 

trans 1,2-dichloroethene (63 mg/l), tetrachloroethene (49 mg/l), 1,1,1 

trichloroethane (4.2 mg/l) and 1,1,2 trichloroethene (470 mg/l). 

Results of Braun Engineering laboratory testing are included in 

Volume II. 

PCR Storage. PCBs were used as dielectric fluid in capacitors for 

induction furnace and hardening equipment located in the Foundry and 

Heat Treat Departments and in power capacitors throughout the NIROP. 

The Maintenance Department notifies plant engineering when a PCB 

capacitor is to be removed from service. Plant engineering, in turn, 

coordinates disposal operations. The out-of-service units are placed in 

DOT-approved 17-H drums containing one foot of sorbent material. The 

55-gallon drums are placed into an 800-gallon concrete vault constructed 

with 4-inch-thick walls and a 6-inch bottom. Each vault is ultimately 

filled with a 6-inch layer of sorbent material and sealed with a 4-inch

thick concrete cap. 
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Three sealed concrete PCB storage vaults are located outside of the 

plant in the northeast corner of the facility (Figure 2-2). The vaults 

are kept above the ground by placing them on wooden blocks. 

00-5ite Waste Disposal. The storage yard located in the northern 

portion of the NIROP facility was used for burial of waste materials in 

pits and trenches (Figure 2-2). Drums of wastes were buried in the pits 

or trenches at depths of 8 to 10 feet. 

No records of buried materials were maintained; therefore, the 

exact amount and location of wastes could not be ascertained. The lAS 

(Envirodyne, 1983) reported that 50 to 100 drums of waste were disposed 

in two trenches on the northern portion of the facility. Two additional 

pits reportedly received 25 drums each. The number of drums disposed 

was based on employee recollection and hearsay. The materials disposed 

in the pits and trenches were thought to include waste oil, plating 

sludge, paint sludge, cleaning solvents, and degreasing solvents. These 

waste materials may have contained hazardous substances such as cyanide, 

trichloroethylene (TCE), methyl ethyl ketone (MEK) , and 1,1,1-

trichloroethane. Wastes were assumed to be in liquid, semi-liquid, or 

solid form. 

The Navy, through the U. S. Army Corps of Engineers (COE), began 

cleanup of the pits and trenches in 1983. COE personnel conducted 

geophysical surveys of the suspected disposal areas. Prior to the geo

physical survey, Navy and FMC officials arranged to relocate equipment 

and materials kept in the storage areas to delineate potential excava

tion areas to reduce interference with the surveys. The geophysical 

survey crew completed their task by using both magnetometer and terrain 
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conductivity surveys. As a result of these surveys, 20 areas were 

identified as potential disposal locations. 

Data for the 20 areas where geophysical surveys took place was 

reviewed by the COE Missouri River Division Laboratory. Four of the 20 

areas were found to have had anomolous "no reading" areas. These areas 

were found to correlate well with buried asphalt or concrete rubble and 

were not further considered as hazardous waste disposal areas. This 

reasoning was further employee recollections. Seven 

additional areas were 

supported 

found 

by 

to have had varying levels of 

conductivity. These seven areas corresponded to known areas of rubble 

disposal (no drummed wastes), or buried features such as electrical 

lines, propane lines, and a former ditch. 

The nine remaining areas were selected for excavation (Figure 2-

2). These areas were divided into high, medium, and low probability 

waste sites as follows: 

High Probability Waste Sites - 3, 5, 18 

Medium Probability Waste Sites - 6, 7, 10 

Low Probability Waste Sites - 15, 17, 19 

The criteria for these subdivisions included consideration of aerial 

photograph analyses and interviews with NIROP employees (COE, Exhibit Q, 

1984). 

Chemical Waste Management of Oakbrook, Illinois, began excavation 

of the nine pits in November 1983. A total of 43 drums were recovered 

(41 drums from Pit 3 and 2 drums from Pit 17) and stored temporarily on 

a staging pad until excavation of all pits was complete. Although the 

number of drums recovered differed from the original estimate, the COE 

is confident that the removal project was successful. 
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After excavation, composite samples were obtained from the drums 

and analyzed. Classification and a summary of analytical results for 

the 43 drums are shown in Table 4-2. Laboratory analytical results are 

included as Volume II of this report. 

During review of data from the excavated areas it was noted that 

Pit 7 was originally excavated in the wrong location. A second 

excavation was made in the correct (as planned by geophysical data) 

location and sampled. A drawing prepared for the COE (U. S. Army Corps 

of Engineers, Drawing Control No. XF-215-30-01, Sheet 4, 1984) shows 

both the proposed locations of the excavations and the locations at 

which the excavations were actually made. This drawing also indicates 

that Pit 5, a high probability waste site, appears to have been 

excavated approximately 40 feet west of the planned location. The COE 

project manager has verified that the drawing showing areas to be 

excavated (Drawing 1 of 3, COE, 1984) is incorrect and that actual 

excavation took place in the corrct location (Thiele, 1987). 

All empty drums were crushed and disposed with the contaminated 

soil at the Evergreen Landfill, Northwood, Ohio, USEPA I.D. OHD 

68111327. The full or partially filled drums were trucked to Emelle, 

Alabama, and disposed at the Chemical Waste Management Facility, USEPA 

I.D. ALD 000622464. 

The required depth of excavation was to be determined based on the 

results from the volatile organics testing of the soil at the base of 

the excavations. Guidance from Dave Richfield of the MPCA was that, if 

the total concentration of vue analyzed was less than 1 part per 

million, backfilling could proceed. The project report of the hazardous 
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Classification* 

Empty 
Inert Liquid 

Base Solid 

PCB Waste 

• • 
TABLE 4-2 

SUMMARY OF COMPOSITE ANALYSES PERFORMED ON DRUM CONTENTS FROM PIT/TRENCH AREA 
(Analyses Date, January 1984) 

Number Oil and Grease Metals Volatile Organic Compounds 
Total Leachable** of Drums (% by weight) 

(mg/kg) (mg/l) 
(% by weight) 

4 -- -- --
4 7.5 As < 0.07 Isopropanol 0.3 

Ba 5.78 Methyl Ethyl Ketone 0.6 
Cd 142 7.21 Trichloroethylene 0.2 
Cr 7,430 2.12 Ethyl Benzene 0.02 
Cu 15.3 Xylenes 0.07 
Hg < 0.005 Hydrocarbons (C10-2O) 0.2 
Ni 6.84 
Ph 18.9 0.04 
Se 0.15 
Zn 2,560 95.7 

1 16 Ag < 0.22 Methyl Ethyl Ketone 0.06 
As < 0.07 Trichloroethylene 0.4 
Ba 119 1.70 Toluene 0.03 
Cd 8.60 0.01 Ethylbenzene 0.07 
Cr 427 < 0.01 Xylenes 0.3 
Cu 71.5 Hydrocarbons (C6- 16) 0.5 
Hg < 0.005 
Ni 22.8 
Ph 312 < 0.01 
Se < 0.07 
Zn 1,250 3.40 

6 (a) (a) (a) 
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Classificat ion* 

Flammable Solid 

Inert Solid 

• • 
TABLE 4-2 (Cont'd) 

SUMMARY OF COMPOSITE ANALYSES PERFORMED ON DRUM CONTENTS FROM PIT/TRENCH AREA 
(Analyses Date, January 1984) 

Number Oil and Grease Metals Volatile Organic Compounds Total Leachable** of Drums (% by weight) 
(mg/kg) (mg/l) (% by weight) 

2 54.4 Ag 0.74 Trichloroethylene 0.06 
As < 0.08 Toluene 2 
Ba 44.9 Ethylbenzene 12 
Cd 2.87 0.01 Xylenes 39 
Cr 1,020 0.31 Hydrocarbons (Cr22 ) 12 
Cu 24.5 Naphthalene 0.2 
Hg < 0.005 C3 Benzenes 2 
Ni 8.18 C4 Benzenes 3 
Pb 301 < 0.01 Cs Benzenes 2 
Se 0.16 
Zn 32,500 97.3 

26 6.92 Ag 1.46 Trichloroethylene 0.8 
As 1.49 Toluene 0.08 
Ba 218 2.14 Ethylbenzene 0.2 
Cd 4.90 0.03 Xylene 1 
Cr 533 0.16 Hydrocarbons (ClO-23) 2 
Cu 124 Cresols 0.8 
lIg 0.0202 C3 Benzenes 0.03 
Ni 33.1 
Pb 324 < 0.01 
Se < 0.08 
Zn 1,250 3.16 

PCBs 
(mg/kg) 

ND 

65 
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* - Classifications by Chemical Waste Management Corp. 
** - Leachable Concentrations by EP Test Procedure 
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waste cleanup (COE, 1984) states that all pits except numbers 3 and 6 

had VOC concentrations below the 1 ppm (1 mg/kg) guideline. Pit number 

3 was also reported to have PCBs in the soil beneath the pit (COE, 

1984). The data reviewed by RMT indicates that Pit 7 apparently also 

exceeded the 1 ppm guideline (see Section 5.1). The soil in Pit 7 

containing more than 1 ppm of VOCs was not removed. The final depth of 

the excavations has not been reported. However I photographs of pit 3 

indicate the depth to be 4 to 5 feet. Pit number 3 was lined with 

plastic sheeting prior to backfilling so that the clean backfill would 

not come into contact with the trench bottom soil that still contained 

organic compounds. The remaining 8 pits were filled with clean soil 

without any special provisions for segregating the fill from the 

underlying soil. 

Upon completion of excavation, five soil sampling locations were 

identified at the bottom of each excavation. Split-spoon samples were 

obtained at each of the five locations at the pit bottom and at a I-foot 

and 2-foot depth below the pit bottom level. The range of constituent 

values detected in soils from pits and trenches upon completion of 

excavation are shown in Table 4-3. 

Results of metals reported in Table 4-3 have been compared to the 

composition of typical soils as reported by Bowen (1966). Results of 

the comparison indicate that the soils sampled below Pit 5 may be 

indicative of natural or background conditions. Comparing the Pit 5 

soil data With samples from the other pits suggests that barium, 

chromium, copper, lead, manganese, nickel, and zinc may have been 

associated with past waste disposal particularly in Pits 7, 10, 15, and 

17. 
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RANGE OF CONSTITUENT VALUES DETECTED IN SOILS FROM PITS AND TRENCHES UPON COMPLETION OF EXCAVATION" 

Pit/Trench 

Constituent 3 5 6 7" 10 15 17 

Metals (mg/k~) 
Arsenic < 0.06 - 2.50 < 0.06 - 27.7 < 0.06 - 6.15 < 4 - 6 < 0.7 - 9 <3.2-6.1 ( 3 - < 10 
Barium 5.01 - 83.8 8.28 - 78.2 7.16 - 169 ( 5 - 270 7.5 - 300 (e) 22 - 72 
Cadmium 0.88 - 2.06 0.90 - 2.91 1.3 - 4.29 < 0.5 - 2 ( 0.3 - < 0.6 < 0.4 - 4.3 < 0.3 - < 0.3 
Chromium (Total) 6.82 - 48.7 9.94 - 16.4 9.00 - 19.3 5.3 - 74 2.2 - 28 (a) <2-130 
Copper 5.67 - 334 6.57 - 45.5 5.58 - 80.2 4.1 - 14,000 < 0.7 - 19 1.8 - 4,300 1 - 32 
Lead 12.4 - 48.3 14.3 - 49.4 19.9 - 74.2 <8-550 < 1 - < 2 < 10 - 280 < 2 - 370 
Manganese (d) (d) (d) < 0.04 - 14,000 39 - 3,000 (d) 100 - 740 
Mercury < 0.005 - 0.0363 < 0.005 - 0.0202 < 0.005 - 0.2231 < 0.07 - < 0.1 < 0.03 - < 0.1 < 8.1 - < 0.5 <0.02-<0.8 
Nickel 9.2 - 18.3 7.98 - 19.2 0.8 - 27.1 7 - llO < 10 - 25 (e) 4.5 - 37 
Selenium < 0.06 - 0.45 < 0.05 - 0.25 < 0.06 - 0.21 <3.8-<6 < 0.8 - < I < 2 < I - < 2 
Silver 0.23 - 1.36 0.44 - 1.28 0.75 - 1.79 < 0.1 - 3.5 < I - 4 < 1 < I - < 4 
Zinc 10.2 - 108 13.4 - 46.5 12.3 - 70.8 8.0 - 890 4.6 - 28 8.4 - 1,200 5.2 - 46 

Or~anles (mg/k~) 
Aldrin < 0.001 < 0.001 < 0.001 < 0.001 < 0.002 < O.OOZ ND - < 0.015 
Chlordane < 0.001 < 0.001 < 0.001 < 0.010 < 0.020 < 0.020 - 0.041 ND - < 0.015 
DOT < 0.001 < 0.001 < 0.001 < 0.001 - 0.270 0.0025 - .100 0.0024 - 0.130 0.004 - 0.140 
Dieldrin < 0.001 < 0.001 < 0.001 < 0.001 - 0.002 ( 0.002 - .0063 < 0.002 - 0.0071 ND - 0.015 
Endrin < 0.001 < 0.001 < 0.001 < 0.001 - 0.002 < 0.002 - .0289 < 0.002 - ·0.0058 ND - 0.082 
Heptachlor < 0.001 < 0.001 ( 0.001 < 0.001 < 0.002 - .0081 < 0.002 0.0048 - 0.0086 
Liil'dane < 0.001 ( O.OOl < O.OOl < O.OOl - 0.002 < 0.002 - .0023 < 0.002 ND - 0.0025 
Methoxylchlor < O.OOl < 0.001 < O.OOl < 0.005 < 0.010 < 0.002 - < 0.010 < 0.002 -< 0.010 
Toxaphene < 0.005 < 0.005 < 0.005 < 0.020 ( 0.050 < 0.050 - 0.280 < 0.050 - 0.280 
Parathion < 0.001 < 0.001 < 0.001 < 0.010 < 0.050 < 0.050 ND 

PCBs (mg/k~) < 0.001 - 0.03 < 0.001 < 0.001 < 0.042 < 0.020 - .130 < 0.0055 - 0.077 ND- 1.00 

industrial Solvents 
(% by weight) < 1.0 < 1.0 < 1.0 (b) (b) < 0.1 (b) 

Ranges indicated for each pit/trench include values for samples obtained from the surface of the pit bottom; 1 foot below the pit bottom, and 
2 feet below the pit bottom. Dupl1cate sample results have been included in ranges sholf!l where appropriate4 

*it Pit #7 was excavated and sampled twice due to a surveying error. Values shown represent the second (true) excavation location. 
NO - Not Detected 

(a) - Total chromium not reported for pHs/trenches 15, 18, and 19. 
(b) - Industrial solvents not reported for pits/trenches 7, 10, and 17. 
(c) - Barium not reported for pits/trenches 15, 18, and 19. 
(d) - Manganese not reported for plts/trenches 3, 5, 6, 15, 18, and 19. 
(e) - Nickel not reported for pits/trenches 15, 18, and 19. 

18 19 

< 3.9 - < 16 (2.7-ll 
(e) (e) 
< 0.3 - 1 <0.2-(0.4 
(a) (a) 
6.4 - 39 7.1 - 36 
< 10 - 22 < 10 - 24 
(d) (d) 
< 0.1 - 2 < 0.1 - < 0.2 
(e) (e) 
< 2 - < 8 < 2 
< I - < 5 <Q.6-<[ 
5.1 - 43 16 - 56 

< 0.002 - 0.0077 < 0.002 
< 0.002 -< 0.020 < 0.020 - 0.028 
< 0.002 - 0.093 0.0048 - 0.126 
< 0.002 - 0.012 < 0.002 - 0.022 
< 0.002 - 0.086 < 0.002 -0.0071 
< 0.002 - 0.0079 < 0.002 
< 0.002 - 0.0028 < 0.002 
ND < 0.010 
ND - 0.690 < 0.050 - 0.250 
< 0.050 < 0.050 

< 0.020 < 0.02 - 0.053 

< 0.1 < 0.1 
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This round of soil sampling and analyses also indicates that 

pesticides are present below some of the excavated pits. None of the 

pesticide concentrations detected at the NIROP exceeded 1 mg/kg (1 part 

per million - ppm). Currently there are no standards for pesticides in 

soils. The United States Department of Agriculture (USDA) considers 

that 1 to 10 ppm of pesticide residue at three feet is normal in 

agricul tural use. (USDA, 1987). Therefore, pesticide concentrations 

detected at the NIROP appear to be insignificant. 

At the MPCA's request, a modification was issued to perform 

additional pit bottom sampling in order to quantify the presence of 15 

volatile organic compounds. The previous analyses (Table 4-3) had 

reported "industrial solvents" on a percent by weight basis only. These 

additional samples were taken 1 foot below the pit bottoms. Additional 

samples were obtained as follows: 

Pit Number Number of Samples Analped 

3 6 
5 2 
6 3 
7 3 
10 3 
15 2 
17 3 
18 2 
19 2 

Total 26 

The above testing was performed to a detection level of 10 parts per 

billion. Table 4-4 summarizes the range of concentrations of VOCs from 

one foot below the pit bottom as required by the MPCA. 

At the request of the MPCA, soil from beneath trenches 3 and 6 was 

resampled in June 1985. Samples were collected during the installation 
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TABLE 4-4 

SUffi1ARY OF CONCENTRATION RANGES FOR MPCA-REQUIRED VOLATILE ORGANIC COMPOUND ANALYSES 
OF SAMPLES FROM ONE FOOT BELOW PIT BOTTOMS 

Pit/Trench 

Constituent (~/kg) 3* 5 6* 7** 10 15 17 18 

Ethylbenzene < 0.010 -< 0.100 < 0.010 N3 < 0.010 < 0.010 < 0.010 < 0.010 < 0.010 

Benzene < 0.010 - < .100 < 0.010 NS < 0.010 < 0.010 < 0.010 < 0.010 < 0.010 

Methylene Chloride < 0.005 - 1.200 < 0.010 0.017 -(J.033 < 0.005-0.056 < 0.010 < 0.010 < 0.010 < 0.010 

Tetrachloroethylene 0.022 - 6.300 < 0.010 0.042 -0.051 < 0.005-0.078 < 0.010 < 0.010 < 0.010 < 0.010 

1,1,2-trichloroethane < O.OlO - < 0.100 < O.OlO < O.OlO < 0.005 < 0.010 < 0.010 < 0.010 < 0.010 

Toluene 0.100 - 12.(0) < O.OlO NS < O.OlO < 0.010 < 0.010 < 0.010 < 0.010 

Chlorofonn < 0.010 -< 0.100 < 0.010 < O.OlO < 0.005 < 0.010 < 0.010 < 0.010 < 0.010 

1,1 dichloroethane < 0.010 - 5.(0) < 0.010 < 0.010 < 0.005 < 0.010 < 0.010 < 0.010 < 0.010 

cis 1,2-di.chloro- < 0.010 - NS < 0.010 < 0.010 < 0.005 < O.OlO < 0.010 < O.OlO < 0.010 
ethylene 

Trans 1, 2-dich1oro- < 0.100- < O.OlO 0.021 -{J.064 < 0.005 - < O.OlO < O.OlO < 0.010 < 0.010 
ethylene (> 10.000 - 0.057 

< 100.000) 

1, 1-di.chloroethy lene < 0.005 - 1.300 < 0.010 < 0.010 < 0.005 < 0.010 < 0.010 < 0.010 < 0.010 

1,1,2,2 tetrachloro- < O.OlO - < 0.100 < 0.010 < 0.010 < 0.005 < O.OlO < O.OlO < 0.010 < 0.010 
ethane 

1,1,1,2 tetrach1oro- < 0.010 -< 0.100 < 0.010 < 0.010 < 0.005 < 0.010 < 0.010 < 0.010 < O.OlO 
ethane 

1,1,1 trichloroethane < O.OlO - 1.000 < O.OlO < 5.1 - 13 < 0.005-0.014 < 0.010 < 0.010 < 0.010 < 0.010 

Trichloroethylene 0.680 - 3,700 0.050 -0.280 0.160 -1.600 0.045 - 1.300 0.099 - 0.220 < 0.010 < 0.010 < 0.010 

19 

< 0.010 

< 0.010 

< 0.010 

< 0.010 

< O.OlO 

< 0.010 

< 0.010 

< 0.010 

< 0.010 

< 0.010 

< 0.010 

< 0.010 

< 0.010 

< 0.010 

< 0.010 
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* [ue to high concentrations detected in pits/trenches 3 and 6 reanalysis was required by MPCA. Concentrations sh<:1.Nn reflect reanalyzed Sc~1es. 
** Pit 117 WdS excavated and sampled twice due to a surveying error. Concentrations sh:Mn represent the second (true) excavation location. 
NS-I:ata not supplied. 



of the second set of monitoring wells at the site. The drill rig was 

used to drive and obtain split-spoon samples. Samples were obtained at 

eleven locations in pit 3 and five locations in pit 6. Samples were 

collected beginning at 10 feet below ground surface to a depth of 20 

feet below ground surface. All of the samples were, therefore, col

lected below the base of the pits. Data are presented in Volume II. A 

summary of these soil data is presented as Table 4-5 and boring loca

tions are shown on Figure 4-2. 

Three organic compounds were detected in 11 of 13 samples collected 

below Pit 6. Methylene chloride was found in two samples (0.39 and 0.14 

mg/kg) and bis (2 ethylhexyl) phthalate was found in 9 samples (0.234 to 

0.0200 mg/kg). Trichloroethylene was detected in only two samples; one 

from boring 4 between the 16.5-foot and 18.0-foot depth at 0.026 mg/kg 

and one from boring 5 between the l8.5-to 20.0-foot depth as present but 

not quantifiable. 

Samples from below Pit 3 contained 8 organic compounds at 

concentrations greater than those in Pit 6. Trichloroethylene was 

detected in 75 percent of the samples and from all depths below Pit 3 

and in concentrations ranging from present, but below dete'ction limits, 

to 207 mg/kg. Trichloroethylene was most prevalent at the eastern end 

of pit 3. Other organic compounds detected included tetrachloroethylene 

(0.0987 mg/kg to 16.5 mg/kg); 1,1,1 trichloroethane (0.048 to 1.0 

mg/kg); methylene chloride (0.10 to 0.039 mg/kg) toluene (0.032 mg/kg to 

7.9 mg/kg); ethylbenzene (1.9 mg/kg to 10.6 mg/kg) bis (2 ethylhexyl) 

phthalate (0.0049 to 0.045 mg/kg) and trans 1,2 dichloroethylene (0.78 

mg/kg) • 
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Pit D 

Sanp1e 11 Location 

Depth 10.0-11.5 18.5-20.0 10.0-11.5 18.5-20.0 10.0-11.5 14.5-16.0 18.5-20.0 10.0-U.5 14.5-16.0 18.5-20.0 10.0-11.5 12.5-14.0 18.5-20.0 10.0-11.5 14.5-16.0 18.5-20.0 10.0-11.5 14.5-16.0 18.5-20.0 

Load 

ZInc 

PCl!. U42 

PCB 1248 

PCB U54 

PCS 12ro 

He~lene Ot1oride 

1.1-Dlchloroethene. 

l,1:l?ich1oroethane 

Trans 1,2-
Dlchloroethene 

2.78 

679 

11.3 

< .002 

< .002 

< .002 

< .0)2 

< .025 

< .025 

< .025 

< .025 

3.97 

485 

11.7 

< .002 

< .002 

< .002 

< .002 

< .025 

< .025 

< .025 

< .025 

2.43 2.U 1.45 

328 166 350 

9.32 11.2 11.3 

< .on < .002 < .cm 

< .002 < .002 < .002 

< .002 < .002 < .002 

< .002 < .002 < .eX)2 

.10 < .025 .035 

< .025 < .025 < .025 

< .025 < .025 < .015 

< .025 < .025 < .025 

1,1,1 Trichloroethane < .015 < .025 < .025 < .015 < .025 

Trlchloroethene 

Tetrachloroethene 

Toluene 

Ethylbenzene 

Ch1orofol1tl 

'b(2 .thylhexyl) 
Phthalate 

.19 < .025* < .025* < .025* < .025 

< .025 < .025 < .025 < .025 < .025 

.05S < .02.5 < .025 < .025 < .025 

< .025 < .025 < .025 < .025 < .025 

< .025 < .025 < .025 < .025 < .025 

< .025 < .025 < .025 < .025 < .025 

< .0002 < .0002 < .oem < .0002 .0110 

1.64 1.62 L.61 2.35 1.96 

194 218 285 340 205 

8.40 11.6 9.03 12.4 1l.9 

< .on < .0)2 < .002 < .002 < .002 

<.eJ02 < .002 < .002 < .002 < .002 

< .002 < .002 < .002 < .002 < .002 

< .002 < .002 < .002 < .002 < .002 

< .025 < .025 .039 < .025 < .025 

< .025 < .025 < .025 < .025 < .025 

< .025 < .025 < .025 < .025 < .025 

( .025 < .025 < .025 < .025 < .025 

< .025 < .025 < .025 < .025 < .025 

( .025 < .025 < .025 < .025 .41 

< .025 < .025 < .025 < .025 < .025 

< .025 < .025 < .025 < .025 .073 

< .025 < .025 < .025 < .025 < .025 

< .025 < .025 < .025 ( .025 < .025 

< .025 < .015 < .025 < .025 < .025 

.037 .022 .0085 .016 .022 

1.82 1.63 2.", 2.m 1.82 1.83 2.20 3.~ 2.50 

376 357 445 387 226 419 460 390 34.3 

1l.1 10.2 11.2 16.2 U.l 13.1 15.8 14.2 8.05 

< .002 < .002 < .002 < .002 < .on < .002 < .002 < .002 < .002 

< .002 < .002 < .002 < .002 < .002 < .002 < .002 < .002 < .(XJ2 

< .002 < .002 < .002 < .002 <.em ( .002 < .002 < .002 < .002 

< .002 < .002 < .002 < .002 -: .002 < .002 < .002 ( .002 < .002 

< .025 < .025 < .025 < .63 < .63 < .63 < .63 < .025 < .025 

< .025 < .025 < .025 < .63 < .63 < .63 ( .63 ( .025 ( .025 

< .025 < .025 < -.025 < .63 < .63 <.63 ( .63 ( .025 ( .025 

< .02.5 < .025 < .025 < .63 < .63 < .63 .78 ( .015 < .025 

< .025 < .025 < .025 .88 < .63 < .63 1.0 .048 < .025 

< .025 < .025 .042 207 127 78.8 139 6.7 .53 

< .025 ( .025 < .015 < .63 < .63 <.63 < .63 ( .025 ( .015 

< .025 < .025 < .025 16.5 L.3.0 3.9 13.9 .56 .r87 

< .025 < .025 < .025 4.9 7.9 4.6 3.82 .73 .032 

< .025 < .025 < .025 1.9 10.6 6.4 4.85 2.:£ < .025 

< .025 < .025 < .025 < .63 ( .63 < .63 < .63 ( .025 ( .025 

< .0002 < .<XX>2 .023 <.0002 ~.0002 .045 < .0002 < .oon .033 
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Pit I 

Sarrple 4 l.oc.atioo. 

o.pth 

Lead 

Hang.""", 

Zinc 

PCB 1242 

PCB U48 

PCB 1254 

PCB 1260 

Methylene Otlorlde 

1,l--D1chloroethene 

1. l-Dich loroethane 

Trans 1,2-
Dichloroethene 

10 10 11 

12.5-14.0 18.5-20.0 LO.0-U.5 18.5-20.0 14.5-16.0 18.5-20.0 18.5-20.0 1O.0-U.5 14.5-16.0 18.5-20.0 10.0-11.5 14.5-16.0 16.5-18.0 10.0-U.S 14.5-16.0 16.5-18.0 10.0-11.5 14.5-16.016.5-18.0 18.5-20.0 

L85 2 • .50 2.47 1.89 1.79 2.78 2.69 1.57 1.81 2.59 1.68 2.10 1.49 1.09 1.86 1.BO 1.56 2.27 3.30 2.44 

192 356 602 394 164 1820 331 357 215 345 1400 526 399 540 266 285 344 196 521 716 
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The presence of high concentrations of VOCs below the pits 

indicates that an unknown quantity of these hazardous constituents were 

released from the disposal area. The VOCs also probably entered the 

ground water flow system since the water table is approximately 19 feet 

below the ground surface in the area of the pits. The disposal 

activities in some of the pits and trenches did result in releases of 

hazardous substances into the environment. The constituents left in the 

soil (Table 4-5) may also form continuing source to the ground water as 

precipitation infiltrates through the sandy soils. 

Sewer Systems. Sewer systems in use at the NIROP include separate 

sanitary and storm sewers (Figure 4-3). The sanitary sewer system 

installation was begun during the original site development. As the 

facility expanded, so did the collection system. Various sizes of clay 

pipe were used for the original gravity flow system. The sanitary sewer 

is 4 to 6 feet below the ground surface at the northern end and 8 to 10 

feet below the ground surface on the sourthern end of the facility. The 

sanitary sewer system from NIROP continues beneath FMC-owned property. 

The system carries plant sanitary wastewater and treated and untreated 

industrial wastewaters. It has a single 15-inch connection point to the 

metropolitan system. Total facility (NIROP and FMC) wastewater 

discharged to the metropolitan sewer system during 1983 ranged from 0.3 

to 0.5 MGD. The wastewater discharge has varied over time, depending on 

the number of employees, which has ranged from 1,000 to 11,000. There 

are currently approximately 3,200 employees at the NIROP. The plant 

effluent is piped to the Pig's Eye Wastewater Treatment Plant, which is 

operated by the Metropolitan Waste Control Commission. 
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Repairs to the FMC portion of the sanitary sewer system were 

initiated by FMC in October 1982, as reported by Papadopulos (1983). 

These repairs were needed because of unusually high ground water levels 

observed in a monitoring well located near the sewer. It was concluded 

that leakage from the sanitary sewer was probably causing the elevated 

ground water levels. This conclusion was also based on an inspection of 

the condition of the sewer in existing manholes and a television survey 

of the sewer between manholes. The wastewater contains several 

different types of wastes, and leakage from the sewer may have caused 

ground water contamination beneath the FMC-owned portion of the 

facility. The sewer was repaired in October 1982 by inserting a liner 

into the existing pipe. Inspection and repair of the lateral lines was 

not conducted. The condition of sanitary sewer lines beneath the NIROP 

is not known. The inspections and repairs described here occurred only 

beneath the FMC-owned portions of the facility. 

The storm sewer system is also shown on Figure 4-3. Most of the 

storm sewer system exits the facility at the southwestern corner of the 

main plant building, near monitoring wells 10-8, 6-D, and 6-S. The 

storm sewer system is connected to roof drains, catch basins in 

roadways, and in the plant, as well as floor drains throughout the plant 

(FMC Drawing 4251, 1984). The drawing indicates that many of the floor 

drains have been plugged as of 1984. A separate sewer drains the 

southeastern portion of the facility near well 9-S, toward the south. 

An 84-inch line draining to the Mississippi River is located to the 

south, near monitoring wells 19-5 and 19-D. 
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The sewer systems beneath the NIROP have the potential for 

releasing hazardous substances to the environment. Spills described 

earlier in this report, continue to occasionally find their way into 

floor drains and the sanitary sewer. It is likely that 20 to 40 years 

ago spills of liquid wastes, and intentional waste disposal practices, 

resulted in even greater discharges to the sewer system. Some section 

of the sewer lines are over 40 years old. It is not unlikely that small 

and large leaks may exist in parts of the system as was discovered 

beneath the adjoining FMC facility. 

The integrity of the sewer systems have not been investigated. 

However, two outfalls on the Mississippi River and the sanitary sewer 

were sampled in March 1981 (Hickok, 1981a). The results are summarized 

on Table 4-6. The sample from storm sewer outfall 20200 contained 

substantial quantities of TCE (0.4 mg/l), acetone, methyl ethyl ketone, 

and isopropyl alcohol. The second storm sewer sample contained only 

acetone. The sanitary sewer sample contained at least seven organic 

compounds, including 0.35 mg/l of TCE. These data suggest that if the 

sewers are leaking, hazardous substances can be released to the shallow 

ground water flow system beneath the NIROP. 

Industrial Wastewater Pretreatment Plant. The NIROP uses an 

industrial wastewater pretreatment system, constructed in 1973, for 

wastewater generated from metal plating operations. Before the pre-

treatment plant was constructed, plating wastes were discharged directly 

to the sanitary sewer (Envirodyne, 1983). 

The continuous pretreatment system automatically treats 

approximately 100,000 gallons per day of liquid plating wastes (rinse 
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TABLE 4-6 

SUMMARY OF SANITARY AND STORM SEWER EFFLUENT 
ANALYSES (FROM HICKOK, 1981). ALL CONCENTRATIONS IN mg/L. 

Sanitary Storm Sewer Outfalls 
Sewer NPDES 20200 NPDES 20300 84" Outfall 

Acetone 0.15 0.3 0.060 < 0.025 

n-Butyl alcohol < 0.025 < 0.025 < 0.025 < 0.025 

Isopropyl alcohol 0.3 0.1 < 0.025 < 0.025 

Methyl ethyl ketone < 0.025 0.3 < 0.025 < 0.025 

Methyl isobutyl ketone < 0.025 < 0.025 < 0.025 < 0.025 

Methylene chloride 0.06 < 0.025 < 0.025 < 0.025 

Mineral spirits 2.0 < 0.5 < 0.5 < 0.5 

Naphthalene < 0.025 < 0.025 < 0.025 < 0.025 

Tetrachloroethylene < 0.025 < 0.025 < 0.025 < 0.025 

Toluene < 0.025 < 0.025 < 0.025 < 0.025 

Trichloroethylene 0.35 0.40 < 0.025 < 0.025 

1,1,1 Trichloroethane 0.03 < 0.025 < 0.025 < 0.025 

Xylene (meta) 0.030 < 0.025 < 0.025 

Xylene (ortho/para) < 0.025 < 0.025 < 0.025 

Chromium 0.45 < 0.05 < 0.05 < 0.05 

Cadmium 1* < 0.01 < 0.01 < 0.01 

Copper < 0.05 < 0.05 I < 0.05 

Cyanide 0.023 < 0.006 < 0.006 0.006 

Lead 0.05 < 0.05 < 0.05 < 0.05 

Nickel 0.05 < 0.05 < 0.05 < 0.05 

Oil/Grease 364 10 NR* 13 

Zinc 0.14 0.03 0.02 0.01 

pH 8.6 8.1 8.1 8.2 

TOC I 5 9 8.2 

COD 16 < 4 16 20 

* I = Illegible copy and NR = Not Reported 
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water and spent plating solutions). The pretreatment plant employs 

chemical treatment to destroy cyanide, reduce hexavalent chromium to the 

trivalent state, neutralize acids and alkalis, and precipitate heavy 

metals. The treatment sludge, a listed hazardous waste containing heavy 

metals, is drummed and stored in a NIROP hazardous waste staging area 

prior to final disposal in an approved landfilL The treatment oper-

ation during the 1980 I S generated approximately 12 to 24 barrels of 

sludge annually. Clarified wastewater is discharged to the sanitary 

sewer system. 

4.2 Waste Component Characteristics and Behavior 

4.2.1 Introduction 

An evaluation was conducted by RMT to determine which chemical 

parameters at the NIROP site should be addressed more extensively in 

terms of environmental behavior and potential toxicity. The list of 

chemicals compiled in Section 4.1 was screened to select chemicals which 

satisfied one or more of the following general criteria: 

clear pattern of occurrence in on-site ground water samples 
clear pattern of occurrence in trench and pit soils 
known history of spills 
toxicologically important 

The highest priority was given to those chemicals for which there 

was evidence of migration in ground water (discussed in detail in 

Section 5.3.3 and 5.3.4 of this report). The compounds which were 

reported frequently in samples of ground water are listed below: 

Trichloroethylene 
Methylene chloride 
cis and trans 1,2-dichloroethylene 
Tetrachloroethylene 
l,l,l-trichloroethane 
l,l-dichloroethane 
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No metals exhibited an obvious ground water occurrence pattern 

indicative of on-site operations. Two inorganics, manganese and 

sulfate, were frequently measured at concentrations exceeding the 

secondary drinking water regulations. However, these levels appear in 

wells throughout the site and are likely due to either upgradient 

sources or natural geochemical conditions. 

Selenium was measured at a concentration over the primary drinking 

water standard in well 9-8 during the last round of sampling in 

November, 1986. For this reason the behavior of selenium will be 

further discussed. In addition, because of the occurrence of xylene and 

ethylbenzene at high concentrations in one of the excavated drums and 

PCBs in soils beneath one of the trenches, these parameters warrant 

further discussion. Toluene was also found in two drums and in some 

ground water samples. Isocyanates will also be discussed because they 

are listed as a raw material and are potentially very toxic. These 

compounds have not been included in any waste, soil, or ground water 

analysis program. The environmental significance of isocyanates is 

therefore unknown at the NIROP site. 

4.2.2 Behavior of Individual Compounds 

The behavior of the compounds in the list in Section 4.2.1 can be 

discussed as a group. All these compounds are liquids at room 

temperature but are considered volatiles. Xylene, ethylbenzene, and 

toluene can also be included in this group. Therefore, they would tend 

to evaporate from surface spills. If buried or spilled in large 

quantities these compounds would become available for leaching by 

infiltrating rainfall. 
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In general these compounds are soluble in water so that ground 

water could cause significant translocation in the subsurface. 

solubilities for each compound are listed in Table 4-7. 

Water 

If a spill or leak is large enough such that the solubility in 

ground water is exceeded, then these liquids would separate from water. 

Toluene, ethyl benzene and xylene are less dense than water and would 

float on the water's surface. The remaining volatile compounds are 

denser than water and would sink. It is possible that trichloroethylene 

may have sunk at the NIROP site because it appears to have been spilled 

or leaked in the largest concentrations. 

A sinking plume of trichloroethylene will be slowed by layers of 

less permeable strata or by bedrock. Ground water flowing past a 

sinking plume will dissolve trichloroethylene from the plume edges and 

transport it in the direction of ground water flow at concentrations 

less than or equal to the solubility (i.e., approximately 1000 mg/l). 

Trichloroethylene may also undergo biodegradation in the 

subsurface. The amount of degradation by microorganisms cannot be 

predicted at any particular site. It is dependent on concentrations of 

the compound, exposure time of the organisms to the compound, amount of 

oxygen present, other compounds present, and other hydrogeochemical 

factors. The breakdown products of trichloroethylene could include the 

three forms of dichloroethylene, vinyl chloride, chloroethane and carbon 

dioxide (Kleopfer et.a., 1985; Bario-Lage et.al., 1986). Dichloro

ethylene does appear in ground water samples. However, vinyl chloride 

has not been detected in ground water, indicating that degradation of 

trichloroethylene may not be occurring. 
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TABLE 4-7 

WATER SOLUBILITIES AND DENSITIES OF 
SELECTED VOLATILE ORGANIC COMPOUNDS 

Solubility* 
Compound (m~/L) 

Trichloroethylene 1,000 

Methylene Chloride 20,000 

trans 1,2-dichloroethylene 600 

cis 1,2-dichloroethylene 800 

Toluene 515 

Tetrachloroethylene 150 

1,1,1-trichloroethane 4,400 

1,1-dichloroethane 5,500 

Ethylbenzene 152 

Xylene 180 

*Solubility in water at 20°C 
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Density 
(H20 == 1) 

1.46 

1.3 

1. 28 

1. 26 

0.87 

1.63 

1.35 

L 17 

0.87 

0.88 



Polychlorinated biphenyls (PCBs) behave differently in soils. PCBs 

exhibit a much lower water solubility (less than 100 ppb.) PCBs also 

have an affinity for organic or other solid surfaces. Therefore, PCBs 

are not mobile in ground water, nor are they readily leached from the 

unsaturated zone. Migration can occur if other organic solvents are 

mixed with PCBs. However, at the NIROP site the soils in the pit/trench 

containing the highest concentration of PCBs did not contain detectable 

levels of organic solvents. 

Isocyanates are generally highly reactive with both organic 

solvents and water. In both instances, the cyanate molecule is 

altered. In the case of reaction with water, substituted urea compounds 

and carbon dioxide are formed. It is unlikely that isocyanates would 

remain intact after exposure to rainfall or ground water. 

The material safety data sheets at NIROP show that polymeric 

isocyanates are being used. Although this terminology is not 

definitive, it may refer to the polymeric form of MDI (diphenylmethane -

4,4'-diisocyanate). Synonyms for this material are methylene bisphenyl 

isocyanate and polymethylenepolyphenyl polyisocyanate. The vapor 

pressure of this material is low (0.00014 tarr at 25°C) which is 

significant because the toxicity of isocyanates is greater via 

inhalation than by dermal exposure. 

Selenium occurs in several oxidation states in the environment (-2, 

+4, +6). In intermediate redox conditions and at pH values between 2.9 

and 8.4, selenium normally exists as HSe03-. In this oxidation state 

(+4) selenium is called selenite. Selenite is strongly adsorbed to 

solid surfaces containing iron below a pH of 9. Clay minerals with low 
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iron content may adsorb selenite less strongly. At higher pHs carbonate 

can prevent selenite adsoprtion. Other anions may reduce selenite 

adsorption, including phosphate and possibly sulfate. 

4.2.3 Toxicology of Individual Compounds 

Volatile Organic Co.pounds. The carcinogenic potential of the 

compounds listed in Table 4-7 has been studied. Table 4-8 classifies 

the compounds by carcinogenicity_ 

The acute and chronic toxicities of these compounds to humans is 

not well known. In order to compare these compounds, the oral LDSO 

values for rats are shown in Table 4-9. Data on mutagenicity and 

teratogenicity is even more scarce. The information which is available 

is often contradictory or for inhalation experiments only (WDHSS, 1985 

and 1986). Therefore, an effective comparison of compounds cannot be 

made. 

PCBs. PCBs are regarded as a potential human carcinogen by NIOSH 

(1986). According to NIOSH, exposure by humans to PCBs can also cause 

chloroacne, gastrointestinal disturbances, changes in blood chemistry 

and numbness in fingers and toes. EPA concluded that PCBs may also 

cause adverse reproductive effects (49 CFR 28176 Tuesday, July 10, 

1984). However, PCBs have a low acute oral toxicity (> 1,000 mg/kg for 

rats and mice, NIOSH, 1986). 

Isocyanates. The isocyanates exert toxic effects primarily in the 

vapor phase (ACGIH, 1986). Although both eye damage and respiratory 

problems have been documented, most reported incidents have been in the 

lungs and bronchial airways. The threshold limit value - time weighted 
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TABLE 4-8 

CARCINOGENICITY OF VOLATILE ORGANIC COMPOUNDS 

Compound 

Trichloroethylene 

Methylene chloride 

trans l,2-dichloroethylene 

cis 1,2-dichloroetylene 

Toluene 

Tetrachlorethene 

1,1,1-trichloroethane 

l,1-dlchloroethane 

Ethylbenzene 

Xylene 

Carcinogenicity 

Known or probable carcinogen l 

Some data to indicate non-carcinogen2 

Insufficient data2 

Insufficient data2 

Some data to indicate non-carcinogen2 

Known or probable carcinogenl 

Non-carcinogenl 

Contradictory data2 

Insufficient data2 

Insufficient data2 

1 50 FR 46886 Wednesday, November 13, 1985. 

2 Public Health Related Groundwater Standards, September 1985 and June 
1986. Wisconsin Department of Health and Social Services, Division 
of Health • 
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TABLE 4-9 

ACUTE TOXICITIES OF SELECTED VOLATILE ORGANIC COMPOUNDS l 

Compound 

Trichloroethylene 

Methylene chloride 

cis and trans 1,2-dichloroethylene 

Toluene 

Tetrachloroethylene 

l,l,l-trichloroethane 

1,1-dichloroethane 

Ethylbenzene 

Xylene 

*LD50 for Mice 

Oral LD59 
for Rats (g kg) 

4.9 

2.0 - 3.0 

0.77 

4.3 - 7.5 

No data 

11* 

14.1 

3.5 

0.0043 

lTaken from Public Health Related Ground Water Standards, September 1985 
and June 1986. Wisconsin Department of Health and Social Services, 
Division of Health • 
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average (TLV-TWA) is 0.02 ppm in air for MDl (ACGlH, 1986). MDl appears 

to have a low oral toxicity and is not a potent skin irritant. 

Selenium.. Selenium is considered a potential carcinogen based on 

tests with laboratory animals (USDHS, 1983). However, there is some 

evidence that selenite may actually inhibit tumor formation (Sittig, 

1980). Other toxic effects of selenium are strongly dependent on the 

chemical form of selenium. Selenium is considered an essential nutrient 

for humans in the range of 0.01 to 0.1 mg/l in the diet (Sittig, 1980). 

For these reasons. a Primary Drinking Water Standard of 0.01 mg/l has 

been set as a precautionary measure until human health effects are more 

clearly defined. 

" 
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5. SUBSURFACE INVESTIGATIONS 

The U.S. Army Corps of Engineers (COE) has installed 33 monitoring 

wells on the NIROP in three phases in May 1983, May 1985, and January 

1986. The wells were designated with suffixes to identify the 

stratigraphic position of the monitoring well intakes: with "s" 

indicating a shallow (water table) well in the unconsolidated aquifer, 

liD" indicating a deep (piezometer) well near the base of the unconsoli-

dated aquifer, and "PC" indicating a monitoring well (piezometer) near 

the top of the aquifer in the Prairie du Chien Formation. The wells 

• were constructed of stainless steel, wire-wound well screens and 

galvanized well casing. The boreholes' were grouted and lockable 

protective casings were cemented over the well casings. Individual well 

construction diagrams are provided in Volume II of this report. 

This section of the report also compiles the regional information 

contained in published reports; unpublished data from previous 

investigations of the FMC Northern Ordnance Division Plant (Papadopulos, 

1983; Conestoga Roovers, 1983 and 1985); unpublished reports of previous 

• investigations at the NIROP facility (Envirodyne, 1983); and the 

November 1986 ground water sampling conducted by RMT. 

5.1 Soils ---
Physical Properties of Soils. The soils in the area of the NIROP 

formed in sandy glacial deposits. The glacial deposits occurring at the 

site consist of coarse sand, medium sand, and some gravelly sand. These 

unconsolidated deposits are up to 150 feet thick in the vicinity of the 

NIROP (Envirodyne, 1983). 
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Alluvial deposits occur in areas immediately adjacent to the 

Mississippi River, west of the East River Road. These deposits are of 

recent origin, and the soils formed show little development. The 

texture of these alluvial deposits varies widely. These deposits are 

frequently subjected to flooding (Envirodyne, 1983). 

The NIROP is located in the southwesternmost portion of Anoka 

County in a small strip of land referred to as the "Anoka County 

Boot." This portion of the county is not included in the present (1983) 

Anoka County Soil Survey. However, the Soil Conservation Service (SCS) 

was able to provide Envirodyne (1983) information as to the soils 

present at the NIROP. The SC5 indicated that the NIROP was located 

within the Hubbard-Nymore soil association, which is characterized by 

nearly level to gently sloping, excessively drained, sandy soils. The 

majority of the area has Hubbard soils, while small areas close to the 

Mississippi River are occupied by Becker and Chaska soils. 

The Hubbard series consists of nearly level to slightly sloping, 

excessively drained soils formed in broad outwash sands. These soils 

are located on broad flats adjacent to drainageways and large depres

sions in the sandy outwash plains. Hubbard soils have a black and very 

dark grayish-brown, coarse sandy surface layer about 20 inches ~hick. 

The subsoil is dark brown and yellowish-brown coarse sand. The 

underlying material at a depth of about 44 inches is pale brown, 

gravelly coarse sand. The permeability of these soils is rapid. 

The Becker series consists of nearly level, moderately well drained 

to well drained soils formed in loamy sediments underlain by sand. 

These soils are found on bottomland along rivers and streams. 
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Permeability of these soils is moderately rapid, and the available water 

capacity is moderate. This soil is occasionally flooded for short 

periods. The surface layer is very dark brown, black or dark grayish

brown fine sandy loam about 27 inches thick. The subsoil is dark brown 

and dark yellowish-brown, friable, very sandy loam about 17 inches 

thick. The underlying material is mottled yellowish-brown, loose coarse 

sand. This soil differs from the Hubbard soils in that it has a thick A 

horizon and a thicker loamy sediment. 

The Chaska series consists of deep, poorly and somewhat poorly 

drained soils formed in loamy alluvium on flood plains. The surface· 

layer is very dark gray silt loam 8 inches thick. The substratum is 30 

inches of very dark grayish-borwn and very dark gray mottled silt loams 

with strata of fine sand and very fine sandy loam over stratified and 

mottled dark grayish-brown and olive fine sandy loam and grayish-brown 

loamy fine sand. Slopes on these soils range from 0 to 2 percent. 

These soils are commonly subjected to periods of flooding. The 

permeability of these soils is moderate to moderately rapid • 

5.2 Geology 

The description of site geology is based upon published reports, 

NIROP monitoring well logs, and reports from the nearby FMC study area. 

A general geologic column (Hogberg, 1972) is presented in Table 5-1. 

The NIROP site lies on an alluvial terrace deposit which was formed 

during the Pleistocene Epoch, when glacial melt waters caused the nearby 

Mississippi River to flow at a higher elevation. The terrace deposits 

consist of a heterogeneous mixture of gravel, sand, silt, and clay. 
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TABLE 5-1 GENERAL GEOLOGIC COLUMN, TWIN CITY BASIN 
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Soil samples (39) from borings S-D, 6-D, 9-S, and 10-S were 

classified according to the Unified Soil Classification System following 

mechanical analyses. The predominant sediment type beneath the NIROP 

was found to be silty sand (SM). Gravelly sand (SP or SM-SP) occurred 

at boring 5-D, 6-D, and 9-8. Sandy clay was found in boring 5-D. 

Details of these analyses and depths of individual samples are presented 

in Volume II of this report. 

The bedrock unit immediately underlying most of the Quaternary 

deposits at the NIROP is the St. Peter Sandstone. Successive units 

underlying the St. Peter sandstone are the Prairie du Chien Group and 

the Jordan, St. Lawrence, Franconia, and Dresbach Formations. This 

discussion extends to the base of the St. Lawrence due to its role as a 

regional confining unit. 

The St. Peter Sandstone has been described by Thiel (1944) as 

consisting of a medium- to fine-grained, friable, white to yellow 

sandstone, with beds of s11 ts tone and shale in the lower part of the 

formation. Because of the small size of its quartz grains, the 

formation is not highly permeable • 

Much of the original thickness of the St. Peter Sandstone was 

eroded away before the overlying unconsolidated materials were 

deposited. Therefore, only the lower portion of the formation is 

present beneath the site. The base of the St. Peter Sandstone is 

typically silty to shaly. This low permeability unit therefore acts as 

a hydrogeologic confining unit within the ground water flow system, 
\ t), 'I- .(t, 

separating the Quaternary deposits from the underlying Prairie du Chien 

aquifer. Within the Mississippi River Valley, the St. Peter Sandstone 
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is often completely eroded away, exposing the underlying Prairie du 

Chien Group. Where the St. Peter is absent, or where "windows" occur, 

there is direct communication with the alluvium and hazardous substance 

migration into the Prairie du Chien Formation can occur. 

The Prairie du Chien Group consists of the Shakopee and Oneota 

Dolomites. The Shakopee Dolomite is much less dolomitic than the Oneota 

(Thiel, 1944). Its basal beds are sandy and, in many places, the 

succeeding layers are thin-bedded. Much of the formation is a massive, 

drab, dolomitic limestone with cavities filled with white calcite. 

Calcareous oolites may be found throughout the Shakopee, and much of the 

flint that is common in this formation is also oolitic. 

The Oneota Dolomite is thick-bedded, drab to buff, and in places 

pink, and may be sandy or shaly. The upper part may be cherty and in 

many locations it is porous to cavernous. Many of the cavities and 

joints are lined with quartz crystals, and huge calcite-lined pockets 

are common. In the southeastern counties where the dolomite is strongly 

developed in the bluffs of the Mississippi and its tributaries, there 

are extensive solution channels, some of which reach the dimensions of 

caves penetrable for some distance. Both the Shakopee and Oneota 

Dolomites are highly permeable and form a regional aquifer that is 

widely used for water supplies. 

The Jordan Sandstone, which underlies the Prairie du Chien Group, 

has been described by Thiel (1944) as a loosely cemented medium- to 

coarse-grained white sandstone, which becomes yellow or brown, due to 

oxidation, along its outcrops and jointing planes. It ranges from 75 to 

nearly 175 feet thick and is exposed in the valleys of the Minnesota 
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River and tributary streams; it also appears in the lower part of the 

bluffs of the Mississippi and its branches from near Hastings southward 

to the Iowa state line. Elsewhere the Jordan Sandstone is deeply buried 

beneath younger rock. The Jordan Sandstone is made up of two members, 

the Norwalk and the Van Oser. The upper Van Oser member is the 

coarser. It consists of friable gray, white, pink, or brown sand 

grains. The lower Norwalk member is not present in the Twin Cities 

area. The Jordan sandstone is very permeable and acts as a regional 

aquifer. 

The St. Lawrence Formation underlies the Jordan Formation. The St. 

Lawrence Formation consists of glauconitic, buff, dolomitic limestone 

(Thiel, 1944). Several conspicuous beds of gray to buff dolomitic 

siltstone occur near the base of the formation. The St. Lawrence 

consists of two members, the lower of which is the Nicolet Creek member, 

the upper, the Lodi shale. 

Nei ther member of the St. Lawrence Formation is important as a 

source of ground water. The chief value of these members lies in their 

function as confining strata under the Jordan Sandstone aquifer. 

Contaminants which have migrated to this depth would be impeded from 

further migration by the St. Lawrence Formation. 

Geologic Cross Sections. Geologic cross sections have been 

prepared to aid in the discussion of site geology at the NIROP study 

area. Cross-section locations are shown on Figure 2-2. Two north-south 

geologic cross sections and one east-west cross section are shown on 

Figures 5-1 and 5-2. Boring logs from the installation of NIROP 

monitoring wells and information from FMC reports were used in preparing 

Figures 5-1 and 5-2. 
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Several borings beneath the NIROP facility penetrate the bedrock 

formations. A distinct thinning of the St. Peter Sandstone occurs 

between wells I-PC and 4-PC. The thickness decreases from approximately 

37 feet to 7 feet between the wells. Further south, the St. Peter 

Sandstone is absent between borings 7-D and FMC 42 and 41 and appears 

again at FMC 31. In the area where the St. Peter Sandstone is absent, 

the Prairie du Chien Dolomite is in direct contact with the overlying 

alluvial deposits. The approximate areal extent of Prairie du Chien 

exposure is shown on Figure 5-3, which has been adapted from the Initial 

Assessment Study (1983). This area could allow vertical migration of 

contaminants into the Prairie du Chien Formation to occur. The contact 

area appears to be the mouth of a buried bedrock valley described by 

Payne (1965). Payne describes the valley as extending to the northeast, 

which would locate it under the southern portion of the NIROP 

facility. 

In summary, the NIROP is underlain by a thick layer of 

unconsolidated sediments. The majority of the sediments are silty sand 

and form an extensive aquifer beneath the facility. There are coarser, 

gravelly sand layers near the top and the bottom of the unconsolidated 

sediments. Both layers are hydraulically connected to thick sand 

deposits that appear to extend from near the ground surface to the 

bedrock along the Mississippi River. The clay layer(s) which 

significantly affects ground water flow and contaminant migration 

beneath the FMC facility becomes thin and discontinuous beneath the 

NIROP. It probably does not have a significant impact below the NIROP. 
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5.3 Ground Water 

5.3.1 Aquifer Syste.s 

Four aquifers underlie the NIROP site as defined by the Minnesota 

Geological Survey (Kanivetsky and Walton, 1979). These are (from 

youngest to oldest) the Quaternary aquifer, the Prairie du Chien/Jordan 

aquifer, the Franconia/Ironton/Galesville aquifer and the Mt. Simoni 

Hinckley/Fond du Lac aquifer. The upper two aquifers (Quaternary and 

Prairie du Chien/Jordan) are separated from the lower two units by the 

St. Lawrence Formation, which serves as a confining layer. Therefore, 

this investigation will focus on the upper two aquifers. 

The Quaternary aquifer is found within Mississippi River alluvial 

deposits which consist primarily of sand with some gravel, varying 

thicknesses of silts, and occasional clay lenses. The Qua ternary 

alluvial aquifer, though capable of yielding fairly high quantities of 

water to wells, is not commonly used for water supply purposes. The 

Quaternary aquifer is highly susceptibile to contamination; therefore, 

the underlying Prairie du Chien/Jordan aquifer is more commonly used 

(Envirodyne, 1983). 

The Prairie du Chien/Jordan (PCJ) is composed of two units: 

dolomites of the Prairie du Chien Group and the Jordan Sandstone. The 

Prairie du Chien is primarily a highly fractured dolomite and contains 

solution cavities that increase its permeability. The Prairie du Chien 

Group is underlain by the poorly cemented Jordan Sandstone which, 

together with the Prairie du Chien, is capable of yielding 500 to 

1,000 gpm. 
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In the mROP study area, the PCJ aquifer is generally separated 

from the overlying Quaternary aquifer by a silty to shaly basal bed of 

the St. Peter Sandstone. However, under the southwestern portion of the 

plant, the St. Peter Sandstone is fully eroded and in contact with the 

unconfined Quaternary alluvial a.quifer (see Figure 5-3). Where this 

condition occurs, the PCJ and the Quaternary deposits act as a single, 

hydraulically connected unit. 

Ground Water Use. Only two area wells were reported by Papadopulos 

(1983) as being finished in the Quaternary alluvial aquifer in the 

Vicinity of the NIROP. One well is north and west of the NIROP 

(upgradient), west of East River Road; and the other is about 900 feet 

south of the NIROP, west of East River Road. Both wells are in the area 

currently designated a.s a park. It is not known if either well is 

operational. The production from these wells was estimated by 

Papadopulos at less than a few hundred gallons per day. A high-capacity 

"Ranney" well system to augment the City of Minneapolis water supply has 

been proposed for the alluvial aquifer immediately west and south of the 

NIROP. These wells would be generally downgradient of the NIROP. 

The PCJ aquifer is a major source of ground water for the 

Minneapolis-St. Paul area. Within and near the NIROP site, ground water 

production from the Prairie du Chien/Jordan aquifer either has occurred 

or does occur from several wells. Three high capacity production wells 

are located on NIROP property (FMC/Navy wells 1, 2, and 3 on Figure 

2-2). These wells are no longer in use. The City of Fridley Municipal 

~e1l 13 (immediately northwest of the NlROP) , two wells owned by 

Honeymead/Minnesota Linseed Oil Company (located southeast of the 
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facility), and two wells owned by Kurt Manufacturing Company (located 

about 2,500 feet northeast of the NIROP), continue to rely upon water 

from the PCJ aquifer. 

Production from these wells has varied over the years. Navy wells 

2 and 3 produced at an average annual rate of about 500 to 650 gallons 

per minute (gpm) or about 0.7 to 0.9 million gallons per day (Mgd) prior 

to their closure in April, 1981 (Papadopulos, 1983). FMC well 1 

produced at an average rate of about 245 gpm (0.35 Mgd) in 1983. Prior 

to the closure of' Navy wells 2 and 3, FMC well 1 was used only to 

supplement the production from wells 2 and 3. The average annual 

production rate of FMC well 1 prior to August 1981 was less than 10 gpm 

(0.01 Mgd). Fridley well 13 is used intermittently at a pumping rate of 

approximately 1,000 gpm and produces about 15 to 30 gpm (0.02 to 0.04 

Mgd) on an average annual basis. The Honeymead wells average about 140 

to 170 gpm (0.20 to 0.24 Mgd) of production annually (Papadopulos, 

1983). Annual production from the wells owned by Kurt Manufacturing 

Company is unknown. 

Other wells that produce ground water from the Prairie du 

Chien/Jordan aquifer are located in the main Fridley well field (about 2 

miles north-northeast from the plant) and in the Brooklyn Center well 

field (about 2 miles north-northwest from the site). The production 

from these well fields in 1979 was about 4 and 3 Mgd, respectively 

(Papadopulos, 1983). However, in the Fridley well field, only about 40 

percent of the total production was from the Prairie du Chien/Jordan 

aquifer. 
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Effects of Puaping. Little is known about the effects of pumping 

in the vicinity of the NIROP. One effort to determine the effects of 

nearby pumping wells was reported by Papadopulos (1984). Three local 

production wells were evaluated; Fridley Number 13 (Figure 2-2), Kurt 

Manufacturing (about 1/2 mile northeast of the NIROP), and Honeymead/ 

Minnesota Linseed Oil Company (Southeast of the NIROP). Efforts to 

develop accurate data for both the Kurt Manufacturing and Honeymead 

wells were unsuccessful. 

The Fridley Well Number 13 test was more successful. Fridley Well 

Number 13 was pumped at a reported rate of 1,000 gallons per minute for 

24 hours beginning at 1:00 p.m., January 4, 1984. Water in the pumping 

well declined nearly 30 feet over the test period. Water level declines 

of 0.1 to 0.9 feet were observed in bedrock monitoring wells beneath the 

NIROP and FMC facilities. 

The short-term pumping test indicates that production from well 13 

could potentially affect ground water flow directions in the Prairie du 

Chien beneath the NIROP facility. If hazardous constituents were to 

enter the Prairie du Chien, they could be drawn toward Fridley Well 13 

during periods of intermittent use. 

5.3.2 Ground Water Floy 

Monitoring wells at the NIROP study area were installed in three 

phases. The U.S. Army Corps of Engineers supervised the installation of 

monitoring wells at the NIROP site. Fourteen monitoring wells were 

installed at the NIROP site between May and August 1983. Seven addi

tional on-site monitoring wells were installed in May and June 1985. 

1254.03 139:RTA:frid0506c 5-16 



Installation of twelve off-site monitoring wells was completed in 

February 1986. The purpose of these wells was to monitor the 

effectiveness of waste removal activities from the pits/trenches 

(described in Section 4 of this report), to determine ground water flow 

directions, and to determine the extent of ground water contamination. 
r\::w,.)~ 

Water levels were measured \regularl~ from October 1983 to April 1985, 

and from June to September 1986. Well construction logs and water level 

data are presented in Volume II of this report. Table 5-2 summarizes 

some of the monitoring well information. 

Three separate water table or piezometric surface maps have been 

prepared to present horizontal ground water flow directions (Figures ~ 
5-4, 5-5, and 5-6). Water level data from the adjacent FMC study area 

has been incorporated where appropriate. 
~'C r 

CJ ~~ 
The water table surface within the unconsolidated deposits has been Il"Y; ';f\ 

developed from water levels measured on July 22, 1986 (Figure 5.4). \j '0 \ 

Generally, ground water flow is towar..d the southwest or west, to the ~ ~\~'~ 
~,It,(A~\L.. 

Mississippi River. A\~gradient of 0.0005 feet/foot beneath 

most of the site (well 7-5 to well 10-5) steepens to between 0.014 

feet/foot (well 10-5 to well 11-5) and 0.010' feet/foot (well 20-5 to 

19-5) at the southern edge of the facility. The steepening occurs in 

the area of a broad "valley" within the water table surface between the 

NIROP and the Minneapolis Waterworks facility. The increased gradients 

and lower water levels may reflect the occurrence of the "clean" sand 

unit discussed in Section 5.2. This potentially more permeable unit 

would cause flow to converge in this area from the surrounding, less 

permeable silty sands. This low point in the water table may be 
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TABLE 5-2. NIROP MONITORING WELL CONSTRUCTION DATA 

WELL TOP OF CASING 
NUMBER ELEVATION 

1-5 837.14 

I-D 836.75 

1-PC 837.63 

2-S 836.07 

2-D 836.04 

2-PC 838.05 

3-S 836.75 

3-D 837.48 

3-PC 839.21 

4-5 837.45 

4-D 834.79 

4-PC 834.75 

5-S 835.06 

5-D 836.00 

6-5 835.73 

6-D 835.69 

7-S 835.97 

7-D 835.63 

8-5 835.76 

8-D 834.02 

9-5 836.68 

9-D 834.30 

10-5 835.89 

11-5 835.89 

12-5 838.51 

13-5 834.59 

14-5 835.99 

15-5 834.83 

16-5 837.26 

17-5 835.75 

18-5 834.08 

19-5 834.56 

20-5 837.62 

FMC-33 837.05 
* From top of casing 

** Open hole 

TOP OF SCREEN 
ELEVATION 

817.24 

731. 31 

653.97** 

816.62 

733.93 

679.35** 

817.06 

766.79 

706.51** 

817.67 

723.94 

677.42** 

815.38 

729.1 

816.28 

715.71 

816.23 

727.63 

815.96 

716.02 

817.38 

720.03 

814.59 

814.79 

812.61 

810.69 

811.59 

810.33 

811.46 

806.75 

803.33 

799.56 

812.02 

806.05 

BOTTOM OF SCREEN WELL * 
ELEVATION DEPTH 

802.16 34.98 

721.21 115.54 

628.97 208.66 

801.42 34.65 

723.74 112.3 

659.76 178.28 

802.00 34.75 

756.61 80.87 

679.81 159.4 

802.60 34.S5 

713.86 120.93 

652.42 182.33 

800.35 34.71 

718.9 117.1 

801.08 34.65 

705.74 129.95 

S06.03 29.94 

717.63 118 

805.86 29.9 

706.02 128 

807.38 29.3 

710.30 124 

804.59 31.3 

804.59 31.3 

802.61 35.9 

800.69 33'.9 

801.59 34.4 

800.33 34.5 

801.46 35.8 

796.75 39 

793.33 40.75 

789.56 45 

802.02 35.6 

760.05 77 .0 
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accentuated as a result of ground water leaking into the 84-inch storm 

sewer noted in Section 4.1 or, flowing laterally through very permeable 

bedding materials used in constructing the storm sewer system. The 

storm sewer may therefore intercept the southwestward ground water flow 

from the NIROP. Additionally, this area may be more subject to changes 

in stage of the Mississippi River. 

The piezometric surface in the base of the unconsolidated sediments 

is shown in Figure 5-5. Ground water is again flowing southwestward 
I 

toward the Mississippi River. The horizontal gradient beneath the 

northeastern two-thirds of the facility was calculated to be 0.0044 

feet/foot. The ~i~gradient on the southern edge of the facility 

again increases to 0.012 feet/foot. The increased gradients and 

"valley" in the piezometric surface may again be reflecting the presence 

of more pel~eable sands in the vicinity of wells 6-D, 7-D, and 8-D_ 

The piezometric surface for the Prairie du Chien/Jordan aquifer 

system shown on Figure 5-6. Flow is toward the southwest. The 

horizontal gradient calculated between wells I-PC and 2-PC was 0.0008 

feet/foot. The gradient appears to remain flat across the site to the 

Mississippi River. 

Vertical hydraulic gradients were calculated for eight NIROP well 

nests to allow a better understanding of the vertical components of 

ground water flow. The vertical gradients measured at the eight well 

nests on three different dates are summarized in Table 5-3. The dates 

were chosen to cover both high and low water table elevations. 

In general, vertical gradients are downward or near zero within the 

allUVial aquifer. The gradients are slight, except for ~ell nests 
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TABLE 5-3 

VERTICAL GRADIENTS* IN NIROP WELLS 

VERTICAL GRADIENT (ft/ft) 
WELL AQUIFER FINISHED IN 11/18-20/86 7/22/86 1/18/85 

1-5 Shallow Alluvial 0.002 0.007 0.0001 1-D Deep Alluvial 

2-5 Shallow Alluvial -0.0005 
0 -0.003 2-D Deep Alluvial -0.01 

l-PC Dolomite -0.005 -0.009 

3-5 Shallow Alluvial -0.003 0.0008 -0.002 2-PC Dolomite 

4-5 Shallow Alluvial 0.01 0.03 0.01 3-D Deep Alluvial -0.01 -0.008 -0.009 3-PC Dolomite 

5-5 Shallow Alluvial 0.05 0.07 0.07 4-D Deep Alluvial -0.2 -0.1 -0.1 4-PC Dolomite 

17-8 Shallow Alluvial 0.06 0.08 Wells Not 
7-D Deep Alluvial Installed 

18-S Shallow Alluvial -0.0002 a Wells Not 
8-D Deep Alluvial Installed 

19-5 Shallow Alluvial 0.004 0.005 Wells Not 
9-D Deep Alluvial Installed 
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5-8/4-D and 17-S/7-D, where gradients are nearly 0.1 feet/ foot 

downward. These steeper 'gradients may be attributed to a drop in 

hydraulic head as ground water enters the potentially more permeable 

sands found in the vicinity of wells 6-D, 8-D, and 9-D. 

Vertical gradients between the deep alluvial aquifer and the 

dolomite were calculated at three locations. Vertical gradients at 

these locations were upward. The strongest gradient (0.2 feet/foot) was 

measured at 4-D/4-PC, the well nest nearest the MiSSissippi River. The 

strong upward gradient may reflect ground water flow from the bedrock 

aquifer to a regional ground water discharge area, the MiSSissippi 

River. 

No information is available regarding hydraulic conductivities for 

the NIROP study area. Hydraulic conductivities from slug tests reported 

by Papadopulos (1984) for the unconsolidated sediments ranged from 0.5 

feet/day to 320 feet/day. The median value for 15 tests was 65 

feet/day. Grain size analyses of sand and gravelly sand (SP) from NIROP 

borings 5-D and 6-D were performed by the COE (see Volume II). Repre

sentative analyses were used to estimate hydraulic conductivity values 

for the sand using the methods presented by Masch and Denny (1966). The 

estimated values ranged from 20 to 90 feet/day, the same order of 

magnitude as the field test values from FMC. The silty sands (SM) found 

beneath much of the NIROP have not been tested. It is likely that the 

hydraulic conductivity is less than that of the sand (SP). 

Hydraulic conductivity values for the Prairie du Chien/Jordan 

aquifer have been estimated by Kanivetsky (1979). Values reported 

ranged from approximately 4.9 feet/day to nearly 66 feet/day_ The modal 

value was approximately 46 feet/day_ 
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The average linear ground water velocity (V) can be determined from 

the modified Darcy's Law: 

v = Ki -rr 

where: K - hydraulic conductivity of aquifer 
i-gradient 
n - porosity of aquifer 

The chart below has been prepared from hydraulic conductivities and 

gradients cited above. Values assumed for n are from Freeze and Cherry 

(1979). 

K i n V 
thit (ft/day) (ft/ft) ( asSl.llle:i) (ft/yr) 

Shallow lhconsolidated Sed:iDe:l.ts 65 0.(0)5 0.» 40 
Sha1.1ow l.bconoolidated Sed:1.nents 65 0.014 0.30 1,100 
D!ep lhconsolidated Sedlna1ts 65 0.0044 0.3:1 350 
reep T.hccnsolidated Sedirrents 65 0.012 0.30 950 
Prairie du Chien .Aquifer 46 0.0008 0.20 67 

These calculations indicate that flow rates near the water table 

over most of the NIROP are relatively slow, except in the southwest 

corner of the facility where gradients steepen. Ground water flow rates 

in the deeper portions of the unconsolidated sediments show less 

variability across the facility. 

5.3.3 Data QA/QC Evaluation and Presentation 

This section of the report documents the extent of hazardous 

substance occurrence in ground water as defined by the the monitoring 

well sampling program at the NIROP. Ground water samples have been 

taken six times from the original fourteen wells. The seven wells 

installed in May and June 1985 have been sampled three times, and the 

twelve off-site wells have been sampled twice. The latest sampling 
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round was in November 1986. Table 5-4 summarizes the history of ground 

water sampling from the NIROP wells. All samples were analyzed at the 

u. S. Army Corps of Engineers Waterways Experiment Station, Vicksburg, 

Mississippi. The section has been divided into two parts: the first 

portion deals with QA/QC and evaluation of NIROP data; the secondfortion 

looks at the extent of hazardous substances beneath the facility. 

This section evaluates data analyses for three of the eight 

sampling rounds performed by the COE between October 1983 and April 1986 

and by RMT in NOvember 1986. The first two rounds evaluated herein are 

a combination of the January and April 1986 sampling rounds and the June 

1985 sampling round. 

The quality control data for the June 1985 and January-April 1986 

rounds of water quality analysis were examined by RMT in order to 

evaluate accuracy of analyses performed by the Waterways Experimental 

Station (WES). Data were evaluated on the basis of percent recovery in 

spiked samples, relative percent difference in duplicate or replicate 

samples, and results of analysis of field blank samples. 

Percent recovery information for spiked samples from the June 1985 

and January-April 1986 sampling rounds is summarized in Table 5-5. The 

number of samples for which percent recoveries were reported, the range 

of percent recovery, and the mean percent recovery are indicated for 

each constituent. The last column in the table contains ranges of 

acceptable percent recovery for each constituent based on method 

performance data from a number of different laboratories and published 

in the Federal Register (October 26, 1984, Part VIII). The Waterways 

Experiment Station percent recovery data is very good and falls well 

within the acceptable range for every constituent. 
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TABLE 5-4 

MONITORING WELL INSTALLATION AND SAMPLING DATES 

SAMPLIN:; lJ\TE 
:ooTALIATION 

WELL NO. 1l\TE 10/83 4/84 10/84 1/85 6/85 1/86 4/86 11/86 

1..:; OS/26/83 X X X X X X 
1-0 OS/25/83 X X X X X X 
1-Fe 08/25/83 X X X X X X 
2-S CiJ/28/83 X X X X X X 
2-0 00/22/83 X X X X X X 
2-Fe 08/24/83 X X X X X X 
3-S 06/13/83 X X X X X X 
3-D CiJ/08/83 X X X X X X 
3-PC 08/15/83 X X X X X X 
4-5 CiJ/09/83 X X X X X X 
4-0 06/02/83 X X X X X X 
4-PC 08/26/83 X X X 
5..:; 06/02/fJ3 X X X X X X 
5-D OS/24/85 X X X 
6..:; CiJ/06/83 X X X X X X 
6-D CiJ/05/85 X X X 
7-S OS/2B/85 X X X 
7-0 02/07/86 X X 
8-S rJ)/1O/85 X X 
8-0 02/18/86 X X 
9-6 CiJ/ll/85 X X X 
9-D 02/01/86 X X 
1O-S CiJ/07/85 X X X 
11-S rJ)/06/85 X X X 
12-S 12/30/85 X X 
13-5 01/02/86 X X 
14-S 01/08/86 X X 
15-5 01/09/86 X X 
16-S 12/31/85 X X 
17-S 02/06/86 X X 
18-5 02/CiJ/86 X X 
19-6 01/17/86 X X 
20-5 01/13/86 X X 
lMC-33 01/24/83 X X X X X X 
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TABLE 5-5 

PERCENT RECOVERY FOR SPIKED SAMPLES 
FROM JUNE 1985 AND JANUARY-APRIL 1986 ROUNDS 

NO. OF RANGE OF MEAN % 
CONSTITUENT SAMPLES % RECOVERY RECOVERY 

Zinc 7 92.2 to 104 98.8 
Manganese 7 98.0769 to 105 101.9 
PCB 1221 3 80 to 110 90.3 
PCB 1248 2 ll2 to 114.4 
Chloromethane 2 75.25 to 97.375 
Bromomethane 2 66.375 to 103.25 
Vinyl Chloride 3 81.75 to 99.875 91.3 
Chloroethane 3 79.125 to 95.25 87.4 
Methylene Chloride 4 78.8235 to 108.75 87.8 
1,1 Dichloroethylene 6 86.5 to 104.25 95.3 
1,1 Dichloroethane 6 63.25 to 105.5 90.6 
1,2-Dichloroethylene 6 78.75 to 123.5 94.3 
Chloroform 5 90.75 to 100.75 95.8 
1,2 Dichloroethane 5 93.25 to 102.5 96.5 
1,1,1 Trichloroethane 6 83.5 to 106.25 97.1 
Carbon Tetrachloride 5 81.75 to 105.25 93.8 
Bromodichloromethane 5 91.25 to 100 95.5 
1,2 Dichloropropane 5 95 to 100.75 97.5 
Trans-1,3-dichloropropene 4 50.23 to 105.114 88.7 
Trichloroethylene (TCE) 6 72.5 to 100.25 87.8 
Dibromochloromethane 5 94 to 104 97.7 
Cis-1,3-dichloropropene 2 94.8718 to 100.321 
1,1,2 Trichloroethane 5 79 to 107.25 97.1 
Benzene 6 86.75 to 110.5 93.4 
2-Chloroethylvinylether 3 91.75 to 108 98.1 
Bromoform 4 76.75 to 95.5 83.9 
1,1,2,2 Tetrachloroethane 4 98.75 to 116.5 107.9 
Tetrachloroethylene 5 87 to 112 96.9 
Toluene 6 90 to 101.75 96.1 
Chlorobenzene 5 90.75 to 132.75 107.5 
Ethylbenzene 5 63.5 to 121. 5 93.6 
Acrolein 1 89.75 
Acrylonitrile 3 109.5 to 118.5 111.4 

USEPA % 
RECOVERY 
ACCEPTANCE 
RANGE 
CRITERIA * 
75 to 125 
75 to 125 
15 to 178 
38 to 158 
D to 273** 
D to 242 
D to 251 
14 to 230 
D to 221 
D to 234 
59 to 155 
54 to 156 
51 to 138 
59 to 155 
52 to 162 
70 to 140 
35 to 155 
D to 210 
17 to 183 
71 to 157 
53 to 149 
D to 227 
52 to 150 
37 to 151 
D to 305 
45 to 169 
46 to 157 
64 to 148 
47 to 162 
37 to 160 
37 to 162 
88 to 118 
71 to 135 

* USEPA Percent Recovery Criteria for organic compounds were obtained from 
the Federal Register, Friday, October 26, 1984, Part VIII, 40 CFR, Part 
136, Guidelines Establishing Test Procedures for the Analysis of Pollutants 
Under the Clean Water Act; Final Rule and Interim Final Rule and Proposed 
Rule. Criteria were obtained from tables for methods used by Waterways 
Experimental Station for water analyses: Volatile organic compounds, method 
624 (p 43326), PCB's, method 608 (p. 43379); and acrolein and 
acrylonitrile, method 603 (p. 43285). 

** D - Detected - results must be greater than zero. 
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Duplicate analyses were performed for some constituents for twelve 

of the June 22, 1985, samples and for 6 of 27 samples in the January-

April 1986 round. Relative percent difference (as defined by Contract 

Lab Program Procedures) was calculated for each duplicate sample pair 

for which quantifiable concentrations of a constituent were detected in 

both samples. Relative percent difference (RPD) values were calculated 

according to the following Contract Lab Program definition. 

RPD = 
C -1 

x 100 

C1 = Concentration of constituent in sample 
C2 = Concentration of same constituent in replicate sample 

The results of these calculations are summarized in Table 5-6. 

The range of values and the mean relative percent difference for 

five organic compounds and two inorganic elements were calculated. 

Generally, laboratories maintain records of duplicate analysis data from 

which confidence limits are established. Confidence limits for relative 

percent difference for a limited number of constituents are published in 

the Contract Laboratory Program Procedures Manual. Of those constitu-

ents in Table 5-6, only trichloroethylene has such a published 

confidence limit. The published confidence limit of 90 percent is given 

for a relative percent difference of 14. This is a 90% confidence limit 

meaning that, in nine of ten duplicate analyses, a laboratory should 

obtain a relative percent difference value less than 14. Eight of the 

nine duplicate pairs analyzed by the Waterways Experiment Station which 
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TABLE 5-6 

RELATIVE PERCENT DIFFERENCE (RPD) FOR DUPLICATE SAMPLES 
FROM JUNE 1985 AND JANUARY-APRIL 1986 ROUNDS 

USEPA 90% 
CONFIDENCE 

CONSTITUENT PA IRS * RANGE RPD MEAN RPD LIMIT OF RPD 

Zinc 7 0.7 to 4.0 1.9 

Manganese 7 0.0 to 1.7 0.9 

Trans 1,2 dichloroethylene 8 0.0 to 14.6 5.1 

Tetrachloroethylene 1 4.4 

Trichloroethylene (TCE) 9 2.3 to 14.3 8.1 

Methylene chloride 1 30.5 

Bis(ethylhexyl) phthalate 2 33.3 to 33.8 33.6 

*Indicates the number of replicate pairs for which quantifiable 
concentrations of the indicated constituent were detected in both 
samples • 
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contained quantifiable concentrations of TCE had relative percent 

difference values less than 14. 

percent confidence limit was 14.3. 

The one value higher than the 90 

One distilled water field blank sample was analyzed during the 

January-April 1986 round. The field blank was not of sufficient volume 

to analyze for all parameters. Therefore, the trip blank was not 

analyzed for lead, zinc, manganese, or any of the seven PCB Aroclors. 

Of the other constituents analyzed, only methylene chloride (0.013 mg/l) 

was detected in the field blank sample. Methylene chloride is a common 

contaminant resulting from laboratory analysis procedures. 

An eighth ground water sampling round was conducted at the NIROP in 

November 1986 by RMT. A QA/QC evaluation of laboratory results similar 

to that presented here for COE data is described in detail in the A-E 

Quality Control Summary Report (RMT, 1987). Results of that evaluation 

indicated that the data quality was similar to the two rounds of data 

evaluated here. The analytical quality of the reviewed data was deter

mined to be acceptable for use in the RI evaluations. The November 1986 

sampling round also improved the overall quality of the data base since 

it was the first round in which all wells were sampled for a consistent 

set of constituents. Previous rounds had included only portions of the 

monitoring well network and the analytical program changed between 

rounds. This had made evaluations of spatial and temporal trends in 

constituent concentrations difficult. 

Analysis of dissolved metals in the NIROP monitoring wells was 

performed for the first time in November 1986. Dissolved metals samples 

were prepared by filtering in the field in order to minimize chemical 
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changes to the ground water samples and to collect a more representative 

sample of the water moving through the ground. Three of the 34 ground 

water samples collected were analyzed for total metals as well as 

dissolved metals so that comparisons to previous sampling could be made. 

Laboratory results for the eight rounds of sampling are included in 

Volume II. Interpretation of data directly from the analyses shown in 

Volume II proved difficult for the following reasons: 

1. Due to the phased approach of well installation, various wells 
were sampled as they were installed. 

2. Constituents included in the analytical program and individual 
constituent detection limits changed between sampling rounds. 

3. The format shown does not allow for data manipulation and/or 
statistical analyses. 

In order to provide for easier interpretation, the data shown in 

Volume II were first reduced to a list of constituents which were 

detected in any of the wells at least one time over the entire 

monitoring period. A list of these constituents is shown in Table 5-7. 

From the lis t of detected cons ti tuents, a second set of tables was 

derived which lists each constituent detected by sample round and by 

well. These tables are shown in Appendix A. 

Reduction of data to the format shown in Appendix A allowed 

grouping of constituents alphabetically by well (Appendix B). 

Alphabetical grouping facilitated statistical analyses of detected 

constituents. Both manual and computer checks of data reduction were 

performed to ensure completeness and accuracy. 

Statistical analyses chosen for data presentation included the 

selection of maximum and mean values of detected constituents. In order 
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TABLE 5-7 

LIST OF CONSTITUENTS DETECTED IN MONITORING WELL SAMPLES 
FROM THE NIROP SITE, FRIDLEY, MINNESOTA 

INORGANIC CONSTITUENTS ORGANIC CONSTITUENTS 

Arsenic 1,1,1 Trichloroethane 

Barium 1,1-Dichloroethane 

Cadmium 1,1-Dichloroethylene 

Calcium Benzene 

Chloride Bis (2 ethylhexyl) Phthalate 

Chromium Chloroform 

Copper 1,2-Dichloroethylene 

Lead Ethylbenzene 

Magnesium Methylene Chloride 

Manganese PCB 1242 

Mercury PCB 1248 

Nickel PCB 1254 

Silver PCB 1260 

Sodium TOC 

Sulfates Tetrachloroethylene 

Zinc Toluene 

Alkalinity Trichloroethylene 

Nitrate-N Trichlorofluoromethane 
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to determine mean values of constituent concentrations, the following 

assumptions were made: 

1. Data points were left blank in instances where individual 
wells were not sampled, samples were broken, or "insufficient 
sample" was present. Thus, the above instances are not 
included in the count for calculation of mean concentrations. 

2. A value equal to one-half the detection limit was assigned to 
samples listed as not detected at concentrations less than the 
detection limit, or present, but below the detection limit. 

3. Actual values were assigned to constituent concentrations 
detected as equal to or greater than the appropriate detection 
limit. 

Results of statistical analyses of maximum and mean values of 

constituents detected are included in Appendix C. Statistical analyses 

of new constituents added in the November 1986 sampling round were not 

performed. Data for added constituents are shown in Appendix D. 

5.3.4 Evaluation of Constituents 

The purpose of this section 1s to evaluate constituents detected in 

monitoring wells at the NIROP site. This evaluation is aimed at 

determining which constituents are to be further considered as 

significant ground water contaminants. In order to facilitate 

discussion, constituents have been grouped together as inorganics and 

organics. 

Inorganic Constituents. Until November 1986, most inorganic 

consti tuents were analyzed only once or twice. Only lead, manganese, 

and zinc analyses were performed in each of the first seven sampling 

rounds. Prior to lbvember 1986, samples for analysis of inorganic 

constituents were unfiltered and preserved \iith acid prior to shipment 

(total concentration). Filtered samples (dissolved concentrations) as 
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well as three total concentration samples (for comparison), were 

obtained for analyses in November 1986. 

Findings are presented below for individual constituents which were 

measured above detection limits in at least one sample. Constituents 

which have never been found above detection limits include antimony, 

beryllium, cyanide, and thallium. Dissolved constituent concentrations 

are discussed where appropriate in detail because it is the dissolved 

fraction that is potentially mobile in ground water, and it is the 

dissolved fraction in ground water that may result in exposures to 

humans or the environment. The dissolved concentrations are summarized 

on Table 5-8. Detected concentrations have been compared to Maximum 

Contaminant Levels (MeLs), Maximum Contaminant Level Goals (MCLGs) and 

Secondary Maximum Contaminant Levels (SCMLs) as defined by the Safe 

Drinking Water Act (as ammended). 

Arsenic was analyzed in the second sampling round (April 1984) and 

in the last sampling round (November 1986). Measurable concentrations 

of total arsenic were reported in 1984 in only one well (1-5) at a 

concentration of 0.008 mg/l. Dissolved arsenic concentrations were 

reported in the November 1986 sampling round from wells 9-S and 15-S as 

well as duplicate samples from those wells. It was not detected in the 

well 1-S sample in November. The total arsenic concentration in well 9-

S was 0.023 mg/l while the dissolved concentration was < 0.005 mg/l. 

Total and dissolved arsenic detected in 15-S was 0.045 mg/l and 0.014 

mg/l, respectively. The dissolved arsenic values are below the MeL of 

0.05 mg/l. Arsenic is not known to have been used in processes at the 

NIROP. 
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TABLE 5-8. CONCENTRATIONS OF DISSOLVED 

INORGANIC CONSTITUENTS DETECTED IN GROUND WATER 
SAMPLES, NOVEMBER 1986 (mg/l) 

hlt : p" ... ltr : 1-5 : 1-0 : I'PC : 2-S : 2-0 I Ht : l-S I 3-0 I He I H I 4-0 I HC : H I 5-D : b'S I 6-0 .: 7·5 
iio'·.ii"-'(~·I"i"'-'-I~i"i'l'----------·-·T-----ffjr---"ii'-T--···-lfi·j·----·569·j.··-·-i"b"sT-·.--i:iT·----4iiT·-···ioi-i-···-iii-i·····Iii·i······iii·j······m·j··-···i"ii"i--···irii·i--····iiti······ib"o·i··--·5if:-

Mo •• 86 : Amnlt. Din. I ( 0.005 I ( 0.005 I < 0.M5: ( 0.005: ( o.m: ( 0.005: ( 0.005: < 0.005: ( 0.005: ( 0.005: ( 0.005 I ( 0.005 I ( 0.005: ( 0.005 I ( O.~05 I ( 0.005: ( 0.005: 

" ... 86: e",uI. OU! O.OSO I 0.010 : 0.119 : 0.105: 0.015 I 0.051 : O.IU: 0.074 : o.m: O.0~8 : 0.0991 O.on : 0.061 : 0.080 : o.on: 0.092 : 0.060 I 

Mo.-96: Dmu. Tolil I O.ODD: 1 I I 
Noy-86:Cadllul.Dln. 1 ( 0.0001 I 0.0004 : 0.0008 I 0.0006 I ( 0.0001 : 0.0005 I 0.0003: 0.00011 0.0005 I O.OOObl 0.0002 I 0.00051 0.0009 : ( 0.0001 I 0.0004 I ( 0.0001 : 0.00091 
Ho,-86I Cdclul. Din. I 1011 86.0 : 81.5: 169 : 110: 21.1: 1571 1151 110: 6-1.9: 99.1: 90.11 1861 111: 145 I 102 : lib I 
Moy-96 : C.ln ••• 10111 I I I I I I I 1691 I I I : I I 
"0.-B6 : Chlorldo I 1M: ]0.9: 58.1: 1.5: 41.71 59.71 1.81 22.6 I 11.71 1.2: 72.6: 15.6: 50.0: l.2: 12.71 72.5: 18.1: 
Mo.-86: Ch,OIl ••• DIn. I 0.005 : 0.001 : 0.002 I 0.00:; I 0.001 I 0.0021 0.0031 0.0011 0.002 : 0.002: o.oOII( 0.0011 0.0021 0.O021( 0.001 : ( 0.0011 0.002: 
Noy-B6 I CopDor. ~in. I 0.004 I ( 0.001 I 0.00' : 0.008 : ( 0.001 : 0.0031 0.00] I 0.006 I 0.003 : 0.0091( 0.001: 0_002 I 0.004:( 0.0011( 0.001 I 0.009 I 0.001: 
Noy·86 Ilfd. Dhl. I( 0.001 I ( 0.001 I 0.002 I O.OOII( 0.001 : 0.0011 0.0021 ( 0.001 I 0.001 :( 0.001 I ( 0.0011( 0.001 ( 0.001 : ( 0.001 I 0.002 : 0.0011 0.002: 
HDt-B6: n.,nnlu •• Diu. I 20.21 38.8 • 15.0 I lUI ~1.6 I 10.71 10.11 Il.5: 54.'1 21.51 48.11 4'.9 11.5 : 61.4: 39.4' 11.61 21.11 

No,-D61 nlnqln.". Din. I 1.011 0.090 0.04& I 0.198 I 0.391 I 0.0021 1.011 0.016 I 0.052 I 0.005 I o.ml 0.210 0.5911 0.100 I 0.564 0.1301 1.01 : 

Hov-B6InmurY.Oin. I ( 0.0004 I ( 0.0004 ( 0.0004 I ( 0.0004 I ( 0.0001 I ( 0.0001 I ( 0.0001 I ( 0.0004 I ( MOOI : ( 0.0004 : ( 0.0001 I ( 0.0001 ( 0.0001 : ( 0.0004 I ( 0.0004 < 0.0004 I ( 0.0004 I 
No,·B6: NlChl. 015,. 0.0091 0.001 ( 0.0011 0.005 I 0.002 I 0.O011! 0.0011 0.004 : ( 0.001 I 0.00'1 ( 0.0011 0.014 0.0121( 0.001 I 0.025 0.043 I 0.072 : 
Ho.-86 I ~ltrllt-Nit,09!n I 0.1091 1.171 0.160 I 1.171 I 0.0601 6.56 : 0.10& 2.M I 0.0161 1.291 
N •• ·86: hlmiul. Ous. 1.92 : 2.20 3.28 : 1.U: 2.67: 36.81 1.85: 2.20 I 2.621 2.791 2.1l1 1.52 4.671 2.741 4.00 2.34 : 2.81 : 
Ho.-06: Sohni ••• 0155. I( 0.005 : ( 0.005 0.005 : ( 0.005 1 ( 0.005 I ( 0.005:< 0.005 I ( 0.005 I ( 0.0051( 0.0051 ( 0.00$ : ( 0.005 0.005:( 0.005 I ( 0.005 ( 0.005 : ( 0.0051 
Mo.-B6 : S!lfnln. TollI I I I I I :e 0.0051 I I I I I : 
Nov-8b : 5\1y",. Diss. I 0.005 I 0.003 0.002 I ( 0.001 I ( 0.001 I ( O.OOII( 0.001 I ( 0.001 I ( o.oOII( 0.001 : ( O.OOlle 0.001 0.001 : 0.003 : ( 0.001 0.001 I! 0.001: 
No.-S6 I Sodlol. Diu. I 14.S: 5.85 12.91 5.99 I 6.061 34.01 7.83: 4.811 50681 11.51 13.51 10.2 IB.OI 3.57 I 26.0 15.0 I 6.711 
Noy-86 1 Sulfltes I 71.51 129 96.0 I 56.3 : 1941 110: 97.01 7011 1041 45.2: 148 : 85.9 1921 IBI I 172 116: ~ 

·Ho.-86 I linc: Diu. 0.133 I 1.25 0.068 : 0.8511 0.6bO I ( O.O}O I 0.111: o.a42 I 0.3571 o.m I 0.4921 0.086 0.6011 0.681: 0.909 0.923 : 1.051 

Dab : P,ar ... ,hr : 7-1 I 9-S I 8-0 I 9'9 I H I IH I II-S I 12-5 : Il-S I \4-5 : 15-5 I I6-S 1 17-S I 18-5 I I9-S I 20-S I FnC-]l I 
... -................. "' ..... ~ ............................ -...... -.. --........ -..... "' ......... -............. --.......................... -.... -........... -............................ --... ~- ..... --..................... --_ ......... _ .. _ ........ _-----_ .. __ ......... __ ................................................................................................ - ...... _ ............... .. 

Noy·B6 : ~lhlinitY I loll 4691 m: 1lt.1 lUI 4931 1261 4171 3741 lIll 4171 195 I 1581 1021 2641 190 I 5011 

Moy-86 I Arnnlt. Din. I( O.DOSI( 0.005 I ( O.OOSI( 0.0051( 0.005 (n.ml( 0.0051 ( 0.0051 ( 0.005:( 0.0051 0.014 I ( 0.005 1 ( 0.005 1 ( 0.0051 ( 0.005 :( 0.005 : ( 0.005 I 

Moy·86 : Bar I ••• 01" I 0.111 : 0.072 I 0.090 I 0.1091 0.061 0.0791 0.1061 0.0&4 I 0.091 I O.on I o.m : 0.068 I 0.050 I 0.095 I o.m I o.ml 0.128: 

••• -861 Bm •• , Told I I I I 0.984 : I I I I I 0.172 : I I I 
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Barium was analyzed only in the November 1986 sampling round. 

Total concentrations of barium measured in wells 3-S, 9-S, and 15-8 were 

0.088 mg/1, 0.086 mg/l and 0.172 mg/l, respectively. Quantifiable 

dissolved barium was found in all wells with concentrations ranging from 

0.032 mg/l in downgradient well 19-5 to 0.165 mg/l in on-site well 3-S. 

Background concentrations of barium are similar to downgradient 

concentrations and no sample exceeded the MCL for barium (1.0 rug/I). 

Cadmium was analyzed in samples collected in October 1983, April 

1984, and November 1986. The highest total cadmium concentration 

reported from NIROP samples was 0.0194 mg/l, in the November 1986 sample 

from upgradient well 15-S. This value is above the MCL for cadmium of 

0.01 mg/l. The dissolved cadmium concentration for the sample from well 

15-8 (0.0008 mg/l), however, is more than one order of magnitude below 

the MCL. Dissolved cadmium was reported in 30 of 34 samples at concen

trations of 0.0002 to 0.0024 mg/l. 

Cadmium is used in NIROP plating processes and these sludges may 

have been disposed of on-site. EP Toxicity tests for cadmium were run 

on drummed wastes removed from the pits/trenches. The highest concen

tration detected was 7.21 mg/l (Volume II). However, EP Toxicity tests 

run on soils from pits 3, 5, and 6 showed 36 of 37 samples had no 

measurable cadmium concentrations above the detection limit of 0.01 

mg/l. One sample had a reportable cadmium concentration of 0.002 mg/I. 

This data suggests that mobile (leachable) cadmium is not present in the 

soils beneath the sampled pits and trenches. The presence of similar 

cadmium concentrations in background and downgradient ground water 

samples also indicates that cadmium is not being released to the ground 

water from the NIROP. 
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Calcium was analyzed only in the November 1986 sampling round. 

Concentrations of total calcium measured for wells 3-8, 9-8, and 15-8 

were 169 mg/l, 154 mg/l and 207 mg/l, respectively. The dissolved 

calcium concentrations for these three samples were 8 to 48 mg/l less 

than their respective total concentration. Dissolved calcium 

concentrations ranged from 21.1 mg/l to 208 mg/l. Background and 

downgradient samples had similar calcium concentrations. No health-

based or environmental standards have been established for calcium. 

Chloride was analyzed only in the November 1986 sampling round. 

Chloride was detected in all 34 monitoring wells at concentrations. 

ranging from 3.2 to 75.6 mg/l. The SMCL of 250 mg/l was not exceeded in 

any well. 

Chromium was analyzed in samples collected in October 1983, April 

1984, and November 1986. The MCL for chromium is 0.05 mg/l. It was 

exceeded by total chromium concentrations from well 2-5 (0.057 mg/l) and 

well 9-8 (0.267 mg/l) in October 1983 and November 1986, respectively. 

The dissolved and total chromium analyses from November 1986 indicated 

that total concentrations were 3 to 300 times higher than dissolved 

concentrations. The total values therefore do not accurately reflect 

potential hazardous constituent migration because much of chromium is 

associated with the sediment which is not transported with the slow

moving ground water. Dissolved chromium was detected in 28 of 34 

monitoring wells, at concentrations ranging from 0.001 mg/l to O. 005 

mg/l, during the November 1986 sampling round. The MCL for chromium was 

not exceeded by any dissolved chromium concentrations and there were no 

significant differences between background and downgradient dissolved 

chromium concentrations. 
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Chromium was used in the NIROP plating shop and may have been 

disposed on-site with plating sludges. EP Toxicity leaching test 

results of drummed samples from the pit/trench area indicated a maximum 

concentration of 0.31 mg/l (for legible results) (Volume II). These 

wastes were removed and soils at pit bottom, and at I-foot and 2-feet 

below the pit bottom were subjected to EP Toxicity tests in pits 3, 5, 

and 6. Results from 26 of 42 samples showed no leachable chromium above 

the detection level of 0.01 mg/l. The highest leachable concentration 

was 0.02 mg/l in 4 of 42 samples (Volume II) suggesting that chromium is 

not present beneath the disposal areas sampled. The lack of significant 

chromium concentrations in ground water downgradient of disposal sites 

also suggests that chromium that may have been disposed on the NIROP 

facility does not appear to be migrating to, or with, ground water. 

Copper was analyzed in samples collected in October 1983, April 

1984, and November 1986. The MCLG for copper is 1.3 mg/l. The highest 

value of total copper detected in NIROP monitoring wells was 0.377 mg/l 

in well 9-S (November 1986). The dissolved copper concentration for 

well 9-S was 0.005 mg/l. Again, most of the copper is associated with 

sediment which is not transported by ground water. Dissolved copper 

concentrations range from 0.009 mg/l to < 0.001 mg/l. None of the 

dissolved copper concentrations exceeded the MCLG. Copper was used in 

the plating shop at the NIROP facility and may have been disposed on

site. The ground water data however, suggest that copper disposed on 

the facility is not entering, or migrating With, the ground water. 

~ has been analyzed in all sampling rounds. Total lead has ueen 

detected in numerous samples (both upgradient and downgradient of the 
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facility) at concentrations above the MCL of 0.05 mg/l. A comparison of 

dissolved and total concentrations from November 1986, however, show 

that total concentrations, on the order of 70 times greater than 

dissolved concentrations, reflect lead associated with sediment. None 

of the dissolved lead concentrations exceeded the MCL. Almost all the 

dissolved lead concentrations measured in November 1986 were less than 

or equal to 0.005 mg/l. The highest dissolved lead concentration 

detected in November 1986 came from well 9-D (0.011 mg/l) and the 

adjacent well 19-5 (0.009 mg/l). Both wells are downgradient of the 

NIROP. It is not clear whether this is indicative of a release from the 

facility since other downgradient wells closer to the plant yielded 

samples with lower lead concentrations. Measureable lead concentrations 

(> 0.01 mg/l) were reported by Papadopolus (1984) in three water table 

wells and two piezometers installed for the FMC investigations. The 

concentrations ranged from 0.02 to 0.24 mg/I. It is not known if 

results reported by Papadopolus were for total or dissolved lead. It is 

therefore difficult to draw any conclusions regarding the relationship 

of the FMC data to the observed lead concentrations at wells 19-5 and 

9-D. 

Magnesium was analyzed in only the November 1986 sampling round. 

The WES did not report analyses for total magnesium. Data for dissolved 

magnesium showed concentrations ranging from 10.7 mg/l to 61.4 mg/l. No 

health-based or environmental standards have been set for magnesium. 

Manganese was analyzed in all eight sampling rounds. No MCL or 

MCLG has been set for manganese. However, total manganese 

concentrations have exceeded the SMCL of 0.05 mg/l in every well 
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sampled. Dissolved manganese was detected at concentrations exceeding 

the SMCL in all but 6 wells. In general, the highest dissolved 

manganese concentrations were detected in background wells (15-S, 12-S, 

13-S, and 16-5). Based on these results, the observed manganese levels 

do not appear to be originating from on-site operations. 

Mercury was analyzed in 14 well samples collected in April 1984 and 

in 34 well samples collected in November 1986. Total mercury was 

reported in 1984 at concentrations exceeding the detection limits in 

shallow wel1s 3-S-, 4-S, and 6-S at 0.0013, 0.0007, and 0.0008 mg/l, 

respectively, and in the Prairie du Chien well 2-PC at 0.0008 mg/l. 

Neither dissolved mercury nor total mercury were reported above the 

detection limit of 0.0004 mg/l during the November 1986 sampling 

round. No concentration of mercury (total or dissolved) has exceeded 

the MeL of 0.002 mg/l. Mercury is not reported as having been used in 

NIROP processes. 

Nickel was analyzed in 14 samples obtained in April 1984 and 34 

samples collected in the November 1986. Total nickel was reported in 

all of the well samples collected during April 1984, between concentra

tions of 0.003 and 0.107 mg/l. The comparison of dissolved and total 

concentrations from three of the November 1986 samples indicates that 

much of the nickel is associated with suspended sediment that is not 

transported by ground water. Total concentrations ranged from 0.332 to 

0.018 mg/l, while dissolved concentrations were less than 0.005 mg/l. 

Dissolved nickel concentrations ranging from 0.001 mg/l (9-D) to 0.072 

mg/l (7-S) were reported in 22 of the 34 monitoring well samples 

collected in November 1986. Background well samples had the same range 
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of dissolved nickel concentrations as on-site or downgradient well 

samples. Nickel is used in the plating process at the NIROP facility, 

but is apparently not being released to the ground water. MCLs and 

MCLGs have not been set for nickel. The ambient water quality criterion 

for the protection of human health has been set at 0.0134 mg/l. The 

observed dissolved nickel concentrations are generally one-half the 

criterion. 

Selenium was analyzed for the first time in samples collected 

during November 1986. 

approximately equal 

respectively). This 

Dissolved selenium and total 

when detected (0.049 and 

is typical since selenium is 

selenium were 

0.076 mgtl, 

not generally 

associated with sediment. Only two wells showed concentrations of 

dissolved selenium above the detection limit of 0.005 mg/l: background 

well 14-5 (0.008 mg/l) and on-site well 9-S (0.049 mg/l). The MeL for 

selenium is 0.010 mg/l and the MCLG is 0.045 mg/l. Concentrations of 

selenium detected in the sample from well 9-5 exceeded the MCL. Well 

9-5 is near the NIROP property boundary on the eastern (upgradient) side 

of the facility. Sources of selenium are not apparent since it has not 

been reported as being used at the facility. The presence of selenium 

may be indicative of an as yet unidentified upgradient source. 

Silver was analyzed in samples obtained at the NIROP facility in 

October 1983, April 1984, and November 1986. Silver was reported in 

only one sample (4-5) in April 1984 at the detection limit of 0.001 

mg/l. Dissolved silver was detected in 10 of the 34 monitoring wells in 

November 1986. Concentrations ranged from 0.001 mg/l (12-S) to 0.005 

mgtl (1-5). Both background and downgradient well samples had similar 
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concentrations. Silver was used in both the NIROP plating process and 

the photo lab but is apparently not being released to the ground water. 

The MCL of 0.05 mg/l was not exceeded by any sample. 

80dium was analyzed in only the November 1986 sampling round. 

Concentrations ranged from 3.57 mg/l to 14.1 mg/l in samples from wells 

5-0 and 19-5, respectively. There were no apparent spatial trends in 

sodium occurrence across the NIROP. No health-based environmental 

standards for sodium have been established. 

Sulfate was analyzed in only the November 1986 sampling round. 

Concentrations ranged from 26.8 mg/l (19-8) to 422 mg/l (18-S). The 

SMCL for sulfate is 250 mg/L The SMCL for sulfate was exceeded in 

eight wells, including one background well. Approximately two-thirds of 

the wells with high sulfate concentrations are downgradient of the 

southwest corner of the NIROP (7-0, S-D, 11-S, 17-S, and lS-8). It is 

not clear if this spatial distribution is related to any particular 

source on the NIROP. 

Zinc was analyzed in all eight sampling rounds at the NIROP 

facility. Total zinc concentrations, measured at all monitoring wells, 

have ranged from 0.086 to 29.8 mg/l. The SMCL of 5.0 mg/l was exceeded 

in 15 of 34 monitoring wells sampled. The high total zinc values appear 

to be associated with suspended sediment in the well samples. Compar

ison of dissolved and total concentrations from November 1986 show total 

values to be 12 to 17 times greater than dissolved concentrations. 

Dissolved zinc concentrations above the 5.0 mg/l standard were not 

observed in any well sampled during November 1986. The dissolved zinc 

concentrations ranged from 0.030 mg/l to 4.42 mg/l. There were no 
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significant differences between upgradient and on-site or downgradient 

dissolved zinc concentrations. 

Some of the zinc detected in the well water at the NIROP facility 

may have leached from well casing materials. The highest dissolved and 

total zinc concentrations are found in those wells that have galvanized 

well casing in contact with the ground water. Galvanized well casings 

can reportedly leach zinc into well water (Barcelona et al., 1983). The 

leached zinc may precipitate at the bottom of the well or be absorbed by 

sediment at the well bottom. Zinc is not reported as being used in the 

plating process at the NIROP. Based on these results, the observed zinc 

levels do not appear to be originating from on-site operations. 

Table 5-9 has been prepared to aid in summarizing the findings of 

the previous sec tion. Prior to November 1986, only to tal 

concentration( unfiltered samples) were reported and the data suggested 

that significant concentrations of hazardous inorganic constituents 

could be found in the ground water. The samples collected in November 

1986 had total concentrations fairly consistent with previous results. 

However, dissolved concentrations were considerably lower, indicative of 

the fact that much of the inorganic concentrations were associated with 

sediment in the samples. Sediment is not transported by ground water 

and is not generally consumed. In fact, only three constituents 

exceeded federal standards when dissolved concentrations were 

considered; manganese, sulfate, and selenium. Of these constituents, 

manganese and sulfate both exhibited concentrations in excess of SMCLs 

in both background wells and downgradient wells. 
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TABLE 5-9 

SUMMARY OF INORGANIC CONSTITUENTS DETECTED AT LEAST 
ONE TL~E IN GROUND WATER SAMPLES FROM THE NIROP STUDY AREA 

(mg/l) 

SDWA 
Maximum Total Maximum Dissolved Regulatory 

Constituent Concentration/Location Concentration/Location Level 

Arsenic 0.045 15-S 0.014 15-8 MCL-O.OS 

Barium Not Analyzed 0.165 3-S MCL-l.O 

Cadmium 0.0194 lS-S 0.0024 19-8 MCL-O.Ol 

Calcium Not Analyzed 208 FMC-33 None 

Chloride Not Analyzed 75.6 4-PC SMCL-250 

Chromium 0.057 2-S 0.005 l-S MCL-O.OS 

Copper 0.377 9-8 0.009 4-8 MCLG-1.3 

Lead 0.366 12-8 0.011 9-D MCL-G.05 

Magnesium Not Analyzed 61.4 5-D None 

Manganese 27.5 7-S 1. 96 lS-S SMCL-O.OS 

Mercury 0.0013 3-8 < 0.0004 all wells MCL-0.002 

Nickel 0.107 2-8 0.072 7-S None 

Selenium 0.076 9-S 0.049 9-8 MCL-O.OlO 

Silver 0.001 4-S 0.005 1-8 MCL-O.OS 

Sodium Not Analyzed 41.4 19-8 None 

Sulfate Not Analyzed 422 18-S 8MCL-2S0 

Zinc 29.8 10-8 4.71 18-8 SMCL-5.0 
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Selenium in a sample from well 9-S (0.049 mg/l) is the only 

dissolved inorganic constituent detected in ground water above an MCL. 

Well 9-S is located along the eastern (upgradient) edge of the NIROP 

facility. Thus, it is possible that the selenium detected in well 9-5 

may be related to an off-site source. Selenium has only been analyzed 

in a single sampling round (November 1986). Additional sampling would 

be required to increase the certainty in any interpretat~on of selenium 

occurrence. 

Organic Constituents. Organic constituents have been analyzed in 

samples from all 8 sampling rounds. Most of the analysis has focused on 

volatile organic compounds. A number of these compounds have, and 

continue to be, used on the NIROP facility. Many are also used in large 

quantities. Previous investigations (see Section 4.1) have also found 

these compounds to be in past waste disposal areas. Some samples (14 

collected in April 1984) have also been analyzed for the more extensive 

priority pollutant list. 

A summary table (Table 5-10) has been prepared to clarify the 

occurrence of organic constituents in ground water samples. The table 

lists only those compounds that have been detected at least one time at 

the NIROP. The data is summarized as mean concentrations to simplify 

the presentation. The maximum reported value is also listed to provide 

a sense for the variability observed at a given monitoring well. 

Bis (2 ethylhexyl) phthalate was analyzed in all but the April 1986 

and November 1986 sampling rounds; therefore, no background wells have 

been analyzed. Bis (2 ethylhexyl) phthalate was detected in every round 

when analyzed and in nearly every well at least once. The occurrence of 
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TABLE 5-10 MAXIMUM AND MEAN CONCENTRATIONS OF 

ORGANIC CONSTITUENTS DETECTED IN GROUND 
WATER SAMPLES, OCTOBER 1983 to NOVEMBER 

1986 (mgl1) 
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" 'I 61 

" 
, . J. 'I 31 " 

21 

O.OOSO 1 0.0050_ 0.005010.00501 o.oO~O I O.OOSO I 0.03701 O.OOSOI 0.00501 0.~501 0.0050' O.OOSOI O.OOSOI 0.00251 0.00501 0.002510.001$1 o.oonl 

0.0038 I 0.0038' 0.0039 I 0.0039 I 0.003BI0.001BI 0.01ll' 0.00381 0.0038' 0.00ll I 0.0018 I 0.0033 I 0.0038' o.oon I 0.0039 I o.oonlo.oml o.oonl , • , , • . • I I • ; 
61 'I 61 ,. " ,I 'I 'I 'I 'I ,. 31 'I 11 " 31 11 21 

0.3000 I 0.1100 1 0.1600 I 41.0000' O.BlOO, 6.0000 I 0.1300 I 0.0300 I 0.110010.000010.4400' 0.01'1010.029010.002510.0100.0.002510.001$. 0.001$' 
0.0551' D.Om. 0.03281 6,840al a.lIls! 1.0391' 0.03911 0.0075' 0.024110.1482' 0.0712- 0.009910.009210.002'10.018510.001$10.001$10.001$. 
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TAf1LE 5-10 (Cant' d). MAXIMUM AND MEAN 
CONCENTRATIONS OF ORGANIC CONSTITUENTS DETECTED 

IN GROUND WATER SAMPLES, OCTOBER 1983 to 
NOVEMBER 1986 (mg/1) 

Puuthr : 1-$ : 1-0 : HI'" : 10-$ I 11-$ I 12-5 : IH I 14-5 I 15-$ I 16-5: I 11-$ I II-S : n-s : 2t-S : fllC~n : 

· · . · . · · · C ... , ,. ,. II II SI " H It II ,. ,. I' ,. ,. 2' 
" 1,1.loTrithlorotlIlUt 'Ia.hllt: (I.om. 0.0(\25' 0.39OOt 0.001" O,OOZ5' 0.0025' 0.00}5' I.GOn. O.OO1'!l t o.eon , t.tI02'S· 0,0025' 0.0025' 0.0025 • (I,om. 0,00501 .... , 0.0115 • 0.0025' O.lUfl t.OO~1 0.0025 I 0.0025. 0.00151 O,GOn. (I.oon. 0.00151 0.002:1 I 0.002$. 0.0015' 0.0025 f '.OOUt 0.0011 I , · · • · · • • • • • • • t-' 1 ,. II ). H ). SI ,. ,. ,. ,. II ,. ,. ,. ,. 
" ,.I"icMoto.!kalf lIut •• , O.oon I '.0025' '.0"' f 1.0015 • 0.0075' '.oon I •• OO~. O.oors • '.0025 , '.00151 0.0013 • O.OO~I o.om. um. o.ms. 0.0110' III- , I.om. UG15 • •• 0$40_ 1.0025. 0.0025 • 0."25_ o.oont 0,0015' '-DO", UOH' '.0025' O.oo25i •. ons t •• 002$ • '.OOlSt '.Olllf I • • • · • • · • • • • • C ... , , ,. , . ). ,. ). SI ,. 

" 21 , . ,. It ,. ,. ,. I' 1.1-lldlarotUu. lIad .. 1 0.0015 t '.0015. '.oon, '.OO:r5_ o.oOB • O.oors_ 0.0025_ 0.0025'0.00:/5' '.0025 • uon. o,oon, 0.0015 • ..oOl5' 0.0015' 0.00501 
IIuo '.0025 • '.oon. MOl •• '.001S I 0.002$ • '.0025' '.001$ • '.0015' 0.0015 • 0.'&25'0.00251 0.0075 • 0.0025' 0.0025' t.oln. MOll , , , • • • · • , • • • • • 
''''' ,. ,. " ,. ,. II II ,. 

" 
,. ). 

" II " 
,. I' 

IHut'tt 11 .. 1 ... 1 0.0025 f 0.0051 , '.oon. ,.0$. 0.0015_ 1.0015' 0.001!· '.002$. '.0025 • 0.0'25 t '.001$ • 0.00'" O.~25· 0.002$ I 0.0025' 0.0100 • 
III .. , 0.002! • o.Gm_ "'015_ MOll. 0.0025 • '.0025 • '.0075 • 0,0025' '.0015' UOH • 1.0015 ~ 0,00'$' 

o.oon _ 0.0025 , UGl5 ! '.0053 • , · · · • , • · · • · • · , • c .. , , .. O. ,. I • " I' .. " I. O' ,. 
" 

O. .. II 
" 'hl1tthtl"'nIlPfltll,ltb 1I.1I1m11 0.0000 • ... 1.0000 • ... 0.0001 I '.00(II- ... •• ... ... '"~ ... ". ... ... I.mo • .... , 0.0000 I , .. '.0000 ~ IA. 0.0003 I 0.6001 • ,AI "' ••• ... .. ' H' ... ... ... um • 

• · · . · • • • · • • j ; 
C"" , ,. ,. 

" !o " " ,. ,. ). ,. ,. " !. II I' " OIII!1'I"D'. IInl ... : 0.0015 • 0,0025' 0.0025. uon_ O.Ml~' ""02,· 0.0025. t.OO~. 1.0025 I Uon. O.O!I~t O.OG2~ I O.OotS· um· o.oO~· 0.005.0 • .... o.ous. '.0025. U025. U015' 0.00:5 • •. ous. Mon • U025 • e.o025 f M02!. 0.00:5. '.0015' 0.0025 • M'TS • 0.0025 • o.oou • · · · ["" : ,. to ,. ,. 
" 

,. ,. I' ,. ,. ,. ,. 
" 

,. I> II 
CuI.H)cMOtDtU ... "~III1" : 0,1400. O.!'Int·. O.:;.j~ • t.(·280. U3it. •. m~. (I.O~~ • t\,*::. uc~ • '.011:5' uo:~ I f.Gm_ tI.~lOf _ 

UO~51 ~.~~ I ,.mo· .... c.~~l)t\ , ,.(1410. 0.j4f'" O,II:n • it.')::'" ',c.:a. UIl:SI uoz:. MO.;_ U~:;, ('.0£.;:. (+.0=10' (0.:1(10' O,Oi':~ , O.(I(>~I U.,lt , · · . · • • • · • • c .. , , ,. !o I' I' " ,. ,. /I ,. ,. )I )I II ,. ). 

" Uhvtbtnrtnlt llad •• : t.OO2S' 0.0015 • 0.002'$1 0.00151 o,otllSl uon. O.OO~' 0.01251 ,.oonl 0.01251 ,.OO~ • .. "~. 0.007!i I O.Hn' O.O(I~ I '.1100' 
III" 

, '.0025 • 0.0025 • 0.0025 • ,.0015' 0.0025 I 0.0025 • 0.002$. 0.002$. 0.0025 • '.0025 • '.001$ • 1.0Il'S • a.oo~. ..om_ 0.0(125' '.04$5 t , • , 
too" , ,. ). " ,. " " It II II ,. " I' I' ,. 

" II 
J1tUI~ltfI. ChlorU. "_11 ... 1 0.0025_ 0.00151 '.1)02$. o.omt uon, UOl'S. '.0015 • ..002:5. '-Oon • •. om. 1.0025 • 0.002$ , 0.0025' 0,0025' 1.1025' '.12(1,. 

III" 
, a.om. 0.0025 • '.0025 • Uo~. 0.001$1 uon_ ",015 • "'025' 0,60%$ • ',0041' '.1025 I '.0015 t 0.0075 • 1.001$. uont 0.0311 I , , , 

_ ... "' ............................... *" ..... .,u.t ............. ~u ..... ""'~."n""." .... ,...n."" ...... ."n ............. _" .... n."""n_ .... "~ ........ ~ ......... P"u ........ _-..un __ "_"""sn"." .... ., 
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• • TABLE ,-10 (Cont'd). MAXIMUM AND MEAN 
CONCENTRATIONS OF ORGANIC CONSTITUENTS DETECTED 

IN GROUND WATER SAMPLES, OCTOBER 1983 to 
NOVEMBER 1986 (mg/1) 

1~4.01 

h,mh, I I-S I 1-0 I I-PC I 2-S : 2-0 I HC I s-s I 3-D I HC I 1'$ I ... I HC I H I '-I I ,-s I 6-D. I 1-S I 7-11 1 I-S I 
.............................................................................. "' ...... _---........................................................................... _--.......... -----_ ........................ -...... _--_ ......... _ ... _ ...... _-------_ ..... _-............ _ .... _--_ .. - ... -_ .... _ ....... -............ _----.. _--

PClll.2 

PC8J249 

PC812S4 

Kamo 

T,lrachlolflh,n, 

TOC 

Toluene 

I 
I 

Counl 1 ~ • 5 • 5' 5' 5 I . 5' 51 51 SIS' 5. 2' 5' 2 • S. 2' 2 • I I I • 
""UUI: 0.00050,0.00020'0.00030,0.00010'0.00010'0.00050,0.00010'0.00020'0.00030'0.00020'0.0001010.00010.0.00040,0.00010'0.00020'0.0001010.00010'0.00010'0.000101 ",ift I 0.00011'0.00011 .0.00013.0.0000910.0000910.00011'0.0000'IO.OOOII.O.000Il'0.0001110.0000910.0000810.0001510.0001010.00011 10.0001010.00010'0.0001010.00010. 

I 1 I 1 I • 1 • I I I • I I I I I I • • 

Cou.1 I 5. 5' 5 • ~ • 5. 5' 5' S. 5 I 5. S I 2 I , I 2' 5 I 2' 2' 1 I I I 
"IrI ... IO.OOOIOIO.OOOIOIO.oom.o.oOOloIO.OOOIOIO.OOOIOIO.OOO10'0.0001010.0004010.0001010.00010.0.0001010.0001010.00010'0.00010,0.00010'0.00010,0.00010,0.00010, 
"raft 10.0000910.0000'10.0000910.0000910.00009. 0.000091 o.oom I 0.00009 I 0.000\11 0.000091 o.n0009 I 0.0000II1 0.00009' 0.00010 I 0.00009 I 0.00010' 0.00010 I 0.00010.0.00010 I 

I I' 

tCUftt I S. 51 51 $' 51 $1 51 SIS' $. 5, 2' 51 It 51 2t 21 'I ,. 
"ad ... I 0.00075 t 0.00050 • o.oOO~O I 0.00110 • 0.00020 • O.OOOSO • 0.00070 I 0.00030 • 0.00030' 0.00040 I 0.00010 • 0.00010 I 0.00020 • 0.00010 • 0.00010 I 0.00010 • 0.00010 I 0.00010 I 0.00010 t 

"un : 0.00023 • 0.00011 I 0.00013 .0.00029 I 0.00011 I 0.00017 I 0.00021 • o.oom • 0.00013 I 0.00015 I 0.00009 t 0.00008 I 0.00011 I 0.00010 • 0.00009 I 0.00010 I 0.00010 I 0.00010 • 0.00010 • 
I • f f 

[Dunt I 5 I 5 I 5' 5' 5. 5 t 5 I 5. ,. 5. 5. 2' 5 I 2 I 5. 2' 2 I II II 

ftnl ••• I 0.00010 I 0.00010 , 6.00010 I 0.00010 , MOOle I 0.00010 • 0.00010 • 0.00010 • 0.00010 • 0.00010 • 0.0005S • 6.00010 • 0.00010 I MOOIO • 0.00II10 • 0.00010 • 0.00010 • 0.00010 • 0.00010 • "m : 0.00009.0.00009 I 0.00009' 0.00009 I 0.00009.0.00009 I 0.00009 I 0.00009 I 0.00009 I 0.00009 I 0.00011 , 0.00008 I 0.00009 I 0.00010 I 0.00009 I 0.00010' 0.00010' 0.00010,0.00010 I 
I' I I I I I •••• I I I I • 

Count I ,. 61 61 " 6. ,. ,. 6. ,. " •• ]I 61 31 6. ,. 3' 2, 2. 
h.lo .. I 0.0050. 0.0050' 0.0050 I 0.0050' O.OOSO' 0.0050' 0.0170' O.DOSO. 0.0050 I O.OOSO' O.OOSO I O.OOSO I O.OO~O, O.OO~' 0.2000 I 0.0025' O.OO~ I 0.0025. 0.0460 I 
HUh a.om. 0.0019' 0.0019' 0.0039 I O.OOle, 0.0018 I 0.0011 I 0.00'Sl' 0.0038' 0.0018' 0.0038' O.OOlll 0.0019. 0.0025 I 0.&554. O.OO~ t 0.0015 t 0.0015 I 0."60 I 

• I · I I I I I , • · • I . I I I 'I 
Count I 2' ,. '1 \. 21 21 21 2. 21 21 2' \1 21 o· 2' O. 01 O. O. 
""hu.1 22.80' 612.00' 51.80' 57.001 7.40. 15.90' 16.101 3.S0t £.601 10.101 30.701 2.301 £49.001 ItA I 27.60. NA' HA' HAt MA. 

"fin I 16.25' 322.35' 10.85. 57.001 6.101 9.15' 15.651 2.60' 4.90' UOI IS.85 I 2.301 331.151 WAI 20.40. MAl !IA' lUI. !lA1 , , , , , , • , • · I I • . . I I 

CDllnt I 61 61 61 6' 6. 61 " 61 6' 61 61 31 ,. l' 61 31 'I 21 2' 

h.hu.1 0.00SOI0.0120' 0.0110.0.0050' O.OOSO' 0.0200' O.OOSO' 0.0012' 0.0110' o.oOSO' 0.0061' 0.011010.00501 0.0015' O.OOSO. 0.0025' O.OO~ I 0.00251 0.0025' 

"fin I 0.0018. 0.00621 0.0052' O.OOlBI 0.00381 0.0067' 0.0039' 0.0045' 0.0063' O.OODI O.OOlll 0.0012.0.0038' o.oo~. 0.00381 O.OO~I 0.00251 0.00251 0.002$. 

1 I • I · I I I . I I I · • I I I . 1 , 
tount I 6' 6' 61 P ,. 6' " 61 6' 6' &. 1. ,. It 6. 3t 3' 21 2. 

Tran,I.2-0ithlDr.flh.n,ftllitu.: 0.0050. O.OOSO' 0.0050' O.OOSOI O.OOSO' 0.00:50' 0.29001 O.OOSO' O.OOSO' 0.00501 0.00501 0.00"..0.0.00501 0.0025' O.~BOO I 0.002510.0015' 0.00251 0.24001 

0.0039' 0.0039 I 0.00l9 I 0.0038 f 0.1320' 0.00381 O.OOSB' O.OOlB. 0.00'Sl' O.OOll.O.OO38' 0.002510.1728. 0.0025' 0.00251 0.00251 0.2ISO' 
"fin I 0.0038' 0.0038' . I f · I I . . I I I 

Count: 6' ,. 6' 6' ,. " 61 61 61 6. 61 It 61 1I ,. 3t 3' 2. 2' 
Trlch\oro,th,nt ""hull 0.0050. O.OOSO' O.ooSO' 0.1100' O.OOq2 I 0.0620 I 28.0000 I 0.0230' 0.0810' 0.0190 I O.OOSO I 0.0050 I O.OOSO I 0.0025 I 3.0000' 0.0110' 0.1500 t 0.0025' '.20001 

"m I 0.0039' 0.003BI 0.003010.075510.0053.0.02081 &.0117' 0.01401 0.02911 0.00651 0.0038' 0.0033' 0.00381 0.0025' 1.3321' 0.00191 0.1380' 0.0025' 6.~001 

I 



Parnthr 

PCBI2U 

PtBI24B 

peam4 

\'tlmo 

lrtr.cbior.thtnf 

Tot 

'olu.n' 

TIE 5-10 (Cont' • MAXIMUM AND IN CONCEN-
TRATIONS OF ORGANIC CONSTITUENTS DETECTED IN 
GROUND HATER SAMPLES, OCTOBER 1983 to NOVEt1BER 

1986 (mg/1) 

I '-D I HI". I 10-S : 11'5 I 12-5 I \l-S I 11-$ I 15-5 I I6-S : 17-9 I II-S I 1905 : 2O-S : fllt·n I 

. 
I I 

C~.nt II ,. I' 2t 2' II o I I' I' I' II II I. II 'I 
",da.a: 0.00010 I 0.00010 I 0.00010 I 0.00010 • 0.00010 I 0.00010 • NA' 0.00010 • 0.00010 , 0.00010 I O.OBOIO • D.OOOIO I 0.00010 I 0.00010 I 0.00010 t 
"un I 0.00010 • 0.00010 I 0.00010 • 0.00010 I 0.00010 • 0.00010 • NA t 0.00010 • 0.00010 I 0.00010 • 0.00010 I 0.00010 t 0.00010 I 0.00010 I 0.0000' I 

I I 
Count I I' 21 I' 21 2. II o I I. I' I' I' II I. I' S. 
"liil •• : 0.00010 I 0.00010 • 0.00010 I 0.00010 I 0.00010 • 0.00010 I HA 10.00010 I 0.00010 I 0.00010 • 0.00010' 0.00010 • 0.00010 • 0.00010 • 0.00010 • 
"un I 0.00010' 0.00010 • 0.00010 I 0.00010 , 0.00010 • 0.00010 , HA , 0.00010 I 0.00010 • 0.00010 • 0.00010 • 0.00010 I 0.00010 I 0.00010 I 0.00009 • 

I I I 
[ount I II 21 I' 'I 21 I' 01 II II II II I' II II 5 t 
"nllu. I 0.00010 , 0.00010 I 0.00010 • 0.00010 • 0.00010 1 0.00010 1 NA' 0.00010 I 0.00010 , 0.00010 I 0.00010'1 0.00010 I 0.00010 • G.OOOlO I 0.00010 1 

"un O.OGOIO I 0.00010 • 0.00010 , 0.00010 I 0.00010 I 0.00010 , MA I 0.00010 I 0.00010 I 0.00010 • 0.00010 I 0.00010 I 0.00010 , 0.00010 I 0.00009 , 
I • 

Count I I. II II 2 • 21 II 01 II II I' I' I' II II $. 
"llll.1 I 0.00010 I 0.00010 I 0.00010 I 0.00010 • 0.00010 I 0.00010 • NA I 0.00010 I G,OGOIO • 0.00010 I 0.00010 I 0.00010 I 0.00010 I 0.00010 I 0.00010 , 
"un I O.OGOIO , 0.00010 I 0.00010 t 0.00010 t 0.00010 • 0.00010 I MA 1 0.00010 • 0.00010 , 0.00010 • 0.00010 I 0.00010 • 0.00010 I 0.00010 I 0.00009 I 

I • I I I I • I I I I 
Count I '1 3 I 2 • 3' 3t 2. 2 • 21 2t 2 • 21 2 • 21 2 • 'I 
"all.u. I o.o02~' 0.2200' 0.0025 I 0.0025 I 0.0025 I 0.0025 I 0.0025 • 0.0025. 0.0025 I 0.0025 , 0.0025 , 0.0025 I D.OO2'5 I 0.002$ I 0.0240' 
"fin I 0.0025 I 0.1833 I 0.0025. 0.002'5 I 0.0025 I 0.002'5 I 0.0025 I 0.0025 I 0.0025 , 0.0025. 0.002'51, 0.002'5 I. 0.002'5 ,_ 0.0025 I, 0.0074 I 

I • , · I I I . . I , I • . I • 
Count I 01 O. O. 01 01 01 01 01 01 01 01 O. 01 O. 2 I 
"odlU. ; IA. IIA I NA • KA. IIA I MAl NA I MA I KAI MA' IA. 11/11 MA' RAt 4.5111 
"un I IA I NA I HA I KAI U. MA' NA • HAl MA' NA' KAI IIA' ItA I MA I 4.OS1 

I I • • I • , I • • I • 
[ounl I 21 3' 2' 31 3t 2' 2 I 21 21 2 I 2 I 21 2t 2 I ,. 
n.x1lul I 0.0015 I 0.0025 • 0.0082. 0.002'51 0.0025 I 0.0025 I 0.0025 • 0.0025' 0.0025' 0.0025' 0.0025 I 0.0025 I 0.0025 I 0.002~' 0.005ll 1 
",1ft ! 0.0025 I 0.0025 : 0.0054 : 0.0025 : 0.0025: 0.0025: 0.0025 : 0.0025 I 0.002'5. 0.0025 I 0.0025 I 0.0025' 0.002'5 I 0.0025 I o.om. . t' ,- ,. t- .- ,- I' , 
COUnt I 2' ,. 2' 3' ]I 2. 2 • 21 2. 2 I 2. 2 I 21 2t 'I 1un51.2-Dlchlorofthfnl "illtot: 0.04BO. 0.5!00 I 0.02BO I D.0360' O.O:u.O' 0.0025. 0.002~ I 0.0025 • 0.002'51 0.0025 , o.mol 4.700010.002S1 0.0025 I 0.2300' 
"un I 0.0'15' 0.4500 • 0.0205 I 0.0210. 0.0307' 0.0025 I 0.0025 • 0.0075 f 0.002'5 I 0.0075 • 0.0355 I 2.51511' 0.002'51 0.0025' 0.1217. 

I • I · , I I . . • I I I 
COIInt I 2. 3 I 2' It 11 2t 2 I ,. 2 • 2 I 2 , 2t 21 'I 61 

Trlchlororthrnf "trhul I 10.1000 • 4.2000 I G.6500 I 0.2100' 0.0440 I 0.002'5' 0.002S I 0_0025 • 0.0170 I 0.1700 • 0.19001 2.900010.08801 0.002'5'37.00001 
"fin I 8.2000. l.Oml 0.4500' 0.1&471 0.0370 I 0.0025. 0.0025 I 0.0025 I 0.0121. o.mo I 0.1435. 2.21511. 0.01.50 I 0.002517.91671 

I 
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this compound is highly variable in space and time. In the April 1984 

round, this compound was found at its highest concentrations in wells 

3-5 (0.14 mgt!) and 6-5 (0.22 mg/l), both of which also exhibited high 

TCE levels. The samples collected from 14 wells in January 1985 had 

concentrations from < 0.00001 to 0.00007 mg/l. By June of 1985, 9 of 

these 14 wells yielded samples with concentrations of 0.00062 to 0.0049 

mg/l. Bis (2 ethylhexyl) phthalate was not detected in the soil samples 

beneath the disposal pits (see Section 4.1). Bis (2 ethylhexyl) 

phthalate is widely used as a plasticizer in a variety of rubber and 

plastic compounds. As such, it has become a common contaminant in 

laboratory settings and sampling equipment. This may account for the 

sporadic occurrence of this compound in the NIROP data base. No MCL or 

MCLG has been set for bis (2 ethylhexyl) phthalate. 

Benzene was analyzed in all eight sampling rounds. It was reported 

in 19 percent of the samples as detected but not quantifiable to 0.010 

mg/l. Three samples had concentrations as high as 0.022, 0.021, and 

0.023 mg/l. Almost all benzene detections (93%) were reported prior to 

June 1985. In November 1986, benzene was detected in only one well 

(17-5) at a concentration of 0.0065 mg/l. The MCL for benzene is 0.005 

mg/l and the MCLG is zero. Thirty-three of 34 samples did not .exceed 

the MCL in November 1986. There are no apparent spatial or temporal 

trends related to past or current NIROP activities. 

Chloroform was analyzed in all eight sampling rounds. It was 

reported at the detection limit of 0.010 mg/l on several occasions, but 

never above the detection limit. The data show no consistent spatial or 

temporal pattern. Chloroform was not detected in any well during the 
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November 1986 sampling round. Chloroform was also not found in the soil 

samples collected beneath the pits (see Section 4.1). It is unlikely 

that a significant source exists based on these results. The MeL for 

chloroform is 0.10 mg/l. 

1,1 Dichloroethane was analyzed for in all eight sampling rounds. 

It has been found in measurable concentrations only at 3-S, 8-S, and 

FMC-33 (in the pit/trench area) and, at well 9-8 on the eastern 

boundary. It waS not detected in wells in the vicinity of well 6-S 

until November 1986, when 1,1-dichloroethane was reported at 0.019 

mg/l. No detectable concentrations of 1,1-dichloroethane were found in 

the background wells. 

dichloroethane. 

No regulatory levels have been set for 1,1-

1? 1 Dichloroethylene was analyzed in all eight rounds. It was 

detected only in well 9-8 at 0.0092 and 0.0056 mg/l in June 1985 and 

January 1986, respectively. It was not detected in the most recent 

(November 1986) sampling round. No detectable concen tra tions of this 

compound were found in background wells. 

1,1 dichloroethylene is 0.007 mg/l. 

The proposed MeL for 

1,2-Dichloroethylene was analyzed in samples from the April 1984 

and October 1984 in only a few wells and again in November 1986 in all 

wells. The concentrations shown for cis 1,2-dichloroethylene are 

identical to the reported concentrations for trans 1,2-dichloroethylene. 

The value reported for both compounds is total 1,2 dichloroethylene, 

according to Richard Karn of the WES. 

In April and October 1984, it was detected in shallow wells 3-S and 

6-S, FMC-33 and the bedrock well 2-PC. In November 1986, cis 1,2-
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dichloroethylene was reported in samples from 11 wells at concentrations 

ranging from 0.022 to 0.53 mg/l. 

It is likely that 1,2 dichloroethylene originated from the 

microbial degradation of TCE. This process of degradation has been 

previously reported in both laboratory and field investigations. The 

MCLG of 0.07 mg/l was exceeded in samples from 6 wells. The wells which 

yield samples with 1,2 dichloroethylene also exhibited high 

concentrations of TCE. 

Ethylbenzene was analyzed in samples from all eight sampling 

rounds. Ethylbenzene was not detected in any sample in November 1986. 

Previously, it has been detected in only two wells (3-8 and FMC-33) 

immediately downgradient of the disposal pits. At FMC-33 the concentra

tion decreased from 0.21 mg/l in October 1983 to < 0.005 mg/l in 

November 1986. At 3-8 the concentration has decreased from 0.037 mg/l 

to below the detection limit during the last two rounds of sampling. 

The l-iCLG for ethylbenzene is 0.68 mg/L Ethylbenzene was identified in 

both drums and soil samples collected below the disposal pits (see 

Section 4.1). The decrease observed in the monitoring well samples 

suggests that the pit excavations have removed the ethyl benzene source 

upgradient of wells 3-5 and FMC-33. 

Methylene chloride was analyzed in all eight sampling rounds. It 

was detected at least once in 16 of the 34 wells. Reported concentra

tions range from 0.0065 to 41. 0 mg/l. The latest sampling round had 

methylene chloride occurring in only one sample (1-5 at 0.013 mg/l). It 

was also detected in three of the field blanks taken prior to November 

1986. The results are highly variable and difficult to interpret. 
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Methylene chloride is a common extraction solvent used for laboratory 

sample preparation, and its presence in field sample results may 

arguably be due to laboratory contamination. MCLs or MCLGs for 

methylene chloride have not been established. 

PCB Aroclors 1016, 1221, 1232, 1242, 1248, 1254, and 1260 were 

analyzed in water samples from all monitoring wells. Aroclors 1016, 

1221, 1232, and 1260 were not found in any sample. In the October 1984 

sampling round, the only Aroclor reported was 1242, in 10 of 14 samples 

at concentrations ranging from 0.0002 to 0.0005 mg/l. Aroclor 1254 was 

reported only in January 1985 samples. Concentrations in 10 of 14 

samples collected on that date ranged from 0.0002 to 0.0011 mg/l. 

Aroclor 1248 was detected in 2 of 5 rounds from well 3-PC in concentra

tions of 0.0004 and 0.0002 mg/l. The reported levels are at or near the 

detection limit of the method (0.0002 mg/l), and therefore identifica

tion and quantification are difficult. The proposed MCLG for PCBs is 

zero, which is below the detection limit. The lack of consistent 

spatial or temporal trends also makes the reliability of these low 

concentrations uncertain. PCBs were found in barrels and soils in the 

pit/trench area; however, the wells immediately downgradient of the 

disposal areas were never reported to contain any PCB Aroclors. The low 

confidence in the reported values (near detection limits) and the lack 

of spatial or temporal patterns suggests that PCBs are not of concern in 

the ground water. 

Tetrachloroethylene (PCE) was analyzed in all eight sampling 

rounds. peE has been found at much lower concentrations than TCE 

(0.0053 to 0.22 mg/l) in samples from 6 monitoring wells. These areas 
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include the pit/trench area wells FMC-33, 8-S, and 3-S (peE not detected 

in 3-5 since October 1984); well 9-5 at the eastern boundary; and in 

well 6-S near the southwest corner of the main NIROP building. No 

detectable amounts were found in the background wells. The concentra

tions of PCE have decreased to at or below detection levels in the 

pit/trench area. However, the levels have remained somewhat constant at 

well 6-5 (average of 0.028 mg/l) and were as high as 0.21 mg/l at well 

9-S in the January 1986 sampling round and 0.20 mg/l in November 1986. 

The proposed MCLG for tetrachloroethylene is zero. 

Toluene was analyzed in all eight sampling rounds. Toluene has 

been detected in 14 monitoring wells at near the detection limit (0.020 

to < 0.005 mg/l) in 18 percent of the samples collected. Most of the 

samples (88%) with detectable concentrations were collected prior to 

June 1985. Toluene was not detected in any well sample in November 

1986. The wells immediately downgradient of the disposal areas have not 

had significant toluene concentrations. The spatial distribution of 

toluene occurrences, therefore, does not appear to correlate with the 

pit locations, where it was reported in drums and soil samples below the 

pits. The MCLG for toluene is 2.0 mg/l. 

Total Organic Carbon (TOC) concentrations are typically used as a 

general indicator of the presence of hazardous organic substances. TOe 

method detection limits are not compatible with compound-specific 

organic detection limits achieved using organic carbon techniques. In 

other words t fairly significant organic contaminant levels could go 

undetected because of the high detection limits of the TOC methods. 
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TOC was analyzed in the October 1983 and June 1984 sampling 

rounds. During the October 1983 sampling round, concentrations of TOC 

were reported to range from 649.0 to 2.3 mg/!. By June of 1984 these 

concentrations had decreased to 15.2 to 1.0 mg/l. The high TOC 

concentrations in October may be due to the following: 

1) Poor well development. This was the first sampling round 
after installation, and organic drilling fluids (if used) may 
not have been completely removed. 

2) Other nonvolatile organics (not routinely analyzed) may be 
present and contributing to the TOC values. 

3) Laboratory measurement errors (e.g., 190 percent recovery was 
reported for FMC-33). 

4) VOCs may have been lost in analyses; thus, TOe may be correct 
and VOCs low. 

1,1,1 Trichloroethane (TCA) was analyzed in all eight sampling 

rounds. The highest concentrations of TCA have been measured in well 9-

S, where concentrations have decreased from 0.39 to 0.12 mg/l between 

January 1985 and November 1986. Monitoring wells 6-S and 8-5 have also 

consistently yielded samples with measurable TCA concentrations ranging 

from O. 018 to 0.13 mg/!. Traces of TCA (0. 0086 to < O. 005 mg/l) have 

also been reported from wells 2-S, 7-5, and 9-D. No background wells 

contained measurable concentrations of 1,1,1 trichloroethane. The MCLG 

for this compound is 0.2 mg/l. Only the first two samples from well 9-S 

exceeded the MCLG. No concentrations detected in November 1986 exceeded 

the MCLG. This compound appears to be associated with the occurrence of 

TCE, and releases from the NIROP facility_ 

Trichloroethylene (TCE) has been analyzed in samples from all eight 

sampling rounds. TCE has been detected (~ O. 005 mg/l) in 22 of 34 

monitoring wells at the NIROP, with concentrations ranging from 0.005 to 
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37.0 mg/1. TCE has been detected in two of the upgradient wells, in 

three monitoring wells on the east edge of the property, in 16 monitor-

ing wells adjacent to or downgradient of disposal areas on the plant 

property and in one bedrock monitoring well. Seven wells have exhibited 

TCE concentrations an order of magnitude higher than other wells at the 

NIROP facility where TCE has been detected. The seven wells include the 

following: 

Maximum Average 
Well Concentration (ms/l) Concentration (m~/l) 

FMC-33 37.0 7.9 

3-S 28.0 6.1 

8-D 10.7 8.2 

8-S 9.2 6.6 

9-S 4.2 3.1 

6-S 3.8 1.3 

18-S 2.9 2.2 

The proposed MCL for TCE is 0.005 mg/1; over one-half of the 

monitoring wells have exceeded the proposed MCL at least one time. The 

distribution and significance of TCE occurrence will be discussed fully 

• in Section 5.3.4 of this report. In general, TCE occurrence appears to 

correspond to past waste disposal activities and be related to other 

past or on-going releases both on and off of the NIROP facility. 

Table 5-11 has been prepared to aid in summarizing the occurrence 

of organic constituents in ground water. The primary organic 

compound found in wells on the NIROP site is trichloroethylene. Data 

suggest multiple source areas and changing concentrations with time 

(discussed in Section 5.4). The data also suggests that off-site 

(upgradient) sources of TCE may be present. 
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TABLE 5-11 

SUMMARY OF ORGANIC CONSTITUENTS DETECTED AT LEAST 
ONE TIME IN GROUND WATER AT THE NIROP STUDY AREA 

Maxi.num 
Concentration 

Coostituent Detected (~1) 

Benzene 0.023 

Bis (2 ethyJ..hexyl) 0.22 
phthalate 

Chloroform 0.010* 

Ethylbenz~ 0.21 

1,1 dichloroethane 0.066 

1,1,1 trichloroethane 0.39 

1,2-di.chloroethylene 4.7 

Methylene Chloride 41 

PCBs 0.0011 

Tetrachloroethylene 0.22 

Toluene 0.02 

'rOC 649 

Trichloroethylene 37.0 

Well C',oommts 

2-PC l'b consistent trend with concentrations 
usually near detecticn limit. Detected in 
only ooe 'Well. in November 1986. 

6-S Highly variable concentratiom in first 
seven roonds. All concentrations had 
decreased to < 0.0006 by June 1985. 

Several Barely present in several. ro.mds. 
Wells lbt detected in NoveaDer 1986. 

OC-33 Only detected dOWDgradient of pit areas. 
Concentrations have decreased since 
pit/trench excavation. Not detected in 
November 1986. 

9-S Similar distrihltic:n as '1.'CE. 

9-S OOy detected in 9-S. 

9-S Similar distrihltic:n as 'ICE. 

18-5 Similar distrlhltion as TCE. 

2-S Inconsistent concentratic:n ani locations. 
May be sampling or analytical contaminant. 

2-S Very lOW' concentratiom ani inconsistent 
occurrence in any wall. 

9-S Similar distrihltic:n as '!'CE. 

2-PC Detected in several on-site walls at 
lOW' concentrations. Not detected in 
November 1986. 

5-S Poor indicator of site conditions. 
Analysis discontinued after June 1984. 

OC-33 Widespread distriooticn suggests 100re than 
ooe source (both en- and off-site). 
Concentrations near pit area have declined 
since birrel ren:oval. 

* Indicates present, but not quantifiable, at concentrations belON tb: detection limit. 
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Other organic compounds occur at much lower concentrations than 

TCE. 1,2-Dichloroethylene isomers (breakdown products of TCE) appear to 

be correlated with the occurrence of TCE. Tetrachloroethene, 1,1-

dichloroethane, and 1,1, 1-trichloroethane also generally occur in the 

same areas as TCE, but at much lower concentrations. They do not appear 

in the background wells. 1,1-Dichloroethylene exhibits a distinctive 

distribution pattern in that it is only reported from well 9-S. The 

balance of organic compounds detected in ground water were found 

infrequently, at very low concentrations, or demonstrated no obvious 

source areas. 

5.3.5 Occurrence and Migration of Hazardous Substances in Ground Water 

This section of the report relates the occurrence of hazardous 

substances in ground water (Section 5.3.3) to the site hydrogeology 

(Sections 5.3.1 and 5.3.2), industrial practices, and past disposal 

activities (Section 4.1). Section 5.3.3 described contaminant levels 

observed in ground water. Several organic contaminants and one 

inorganic contaminant (selenium) were shown to have been detected in 

ground water at concentrations above their respective MCLs and MCLGs. 

Section 5.3.3 showed that generally, wherever TCE was detected in ground 

water, several other contaminants were also detected. Additionally, 

Section 5.3.3 showed TCE was detected in the highest concentrations 

(37.0 mgtl at FMC-33) and in the most wells (21 of 34). TCE is the best 

indicator of ground water contamination at the NlROP site and has been 

used in this section to define contaminant plumes and migration. 
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The extent of the TCE contaminant plume in both shallow and deep 

zones of the aquifer in the unconsolidated sediments is shown in Figure 

5-7. Mean TCE concentrations have been used in preparing Figure 5-7 

because a single point-in-time presentation would not clearly represent 

the TCE occurrence. Mean TCE concentrations for the adjacent FMC study 

area (Conestoga Rovers, 1985) were checked against Figure 5-7 and showed 

good correlation to the NIROP contours. A figure has not been prepared 

for the bedrock aquifer since there is no indication of ongoing TCE 

contamination in the bedrock. 

A single elongated TCE "plume" is near the base of the 

unconsolidated sediments (dashed line in Figure 5-7). The occurrence of 

TCE deep in the sediments is probably an extension of the "shallow 

plume" shown by solid contour lines in Figure 5-7. The TCE plume is not 

extended to the base of the aquifer northwes t of the NIROP building 

because the existing deep wells in the area (l-D, 2-D, 4-D, 5-D, 6-D, 

and 7-D) yield samples with TCE concentrations less than or equal to 

0.011 mg/l. The vertical extent of TCE in the aquifer beneath and 

immediately downgradient of the waste disposal pits is not known. 

Two distinct TCE plumes are evident in the shallow portions of the 

in the unconsolidated sediments. The first forms part of possibly 

aquifer-thick plUlll.li. extending from well 9-8 to well 18-S. The second 

plume in the shallow portion of the aquifer extends from well l5-S, 

beyond the northern property of the NIROP, to well 6-8. 

The distribution of TCE in the shallow aquifer suggests four 

potential hazardous constituent source areas which include the 

following: 
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Pit/trench disposal area 

Off-site source(s) north and east of wells 16-S and 15-S 

An on-site source near well 9-5 or, an upgradient (off-site) 
source northeast of well 9-5. 

Possible localized source(s) near the southwest corner of, or 
beneath, the main NIROP building. 

These four potential source areas as well as NIROP activities which may 

have contributed to ground water contamination are discussed below. 

Table 5-12 has been prepared to aid in the discussion of potential 

on-site source areas. The table includes those constituents which have 

been detected at the NIROP in drums, soils beneath disposal areas, and 

ground water. The table also lists raw or waste material constituents 

which are reported to have been used or disposed at the facility. 

Qualifiers showing whether constituents have been detected in signif;'" 

icant or insignificant concentrations have been included in Table 5-12. 

The qualifiers were based on comparison to background levels and overall 

results. 

The pit/trench area has been a source of ground water contamination 

at the NIROP site as reflected in the mean TCE concentrations observed 

at wells 3-S, FMC-33 and 8-5 (Figure 5-7). The area impacted by TCE is 

bounded on the northeast by wells l-D and 1-8 which exhibit no 

detectable levels of TCE. On the north, TCE is reported at mean 

concentrations of 0.096 to 0.17 mg/l in wells 7-5 and 16-8, but has not 

been detected in the base of the aquifer (well 5-D). Low TCE 

concentrations have been found below the northwest corner of the NIROP 

facility; well 2-S has averaged approximately 0.065 mg/l since April 

1984, while well 2-D has shown increasing concentrations « 0.005 to 
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I~~LE 5-12 SU~ftARY OF CONSTITUENTS DETECTED OR REPORTED ON THE MIROP FAC!LITV 

All CONST!TUEHTS KNOWN RAW DETECTED DETECTED DETECTED 
DETECTED MATERIALS IN DRUMS IN SOILS IN 6ROUND 

OR WASTES WATER 

1,1,1,2 tetrachloroethane ND NO 
1,1,1 trichloroethane X t OS DS 
1,1,2,2 tetrachloroethane f 110 NO 
1,l,Z-tr~chloroethane t NO NO 
1,1 dlchioroethane f OS OS 
l,l-alchloroethylenene * OS DI 
Benzenes OS NO Dl 
Bis(Z ethylhexyll phthalate t DS Dl 
Chloroforl t NO 01 
CIS l,Z-dlchloroethylene t NO DS 
Cresols OS NA NA 
CyanIde ND NO NO 
Ethyl Benzene OS ND Dl 
Ethylene Glycol X NA NA NA 
Isocyanate NA NA NA 
lsoproponal DS NA Nfl 
Methyl Ethyl Ketone X OS WI NO 
Methylene ChlorIde ~ t 01 Dl 
Napnthaiene X OS NA NO 
PCh DS DS DI 
Pestl clIies NO 01 NO 
Phenols NA IlA NO 
Tetrachloroethylene f OS OS 
Toluene DS OS Dl 
Trans l,2-dichloroethylene Ii OS OS 
TrIchloroethylene DS DS OS 
TflChlofofluofolethane HA NA D1 
T r1 ethy 1 ill ne NA NA NA 
lylenes DS NA ND 

t - Orul anlayses provided by Chell cal Waste 
Kanaqelent uoes not dIstIngUIsh bet~een 
vac! WhiCh were not detected and those 
WhiCh were not analyzed. 

X - IndIcates raw latefials known to have been 
used at the NIROP frOI fIle InforlatloR. 

NA - ConstItuent not analyzed. 

ND - Constituent not detected. 

OS - ConstItuent detected at a SignIfIcant 
concentration. 

01 - ConstItuent detected at an InSignIfIcant 
concentratlon. 



fHBLE 5-12 SU"M~RY OF CONSTITUENTS DETECTED OR REPORTED ON THE NIROP FACILITY 

ALL CONSTITUENTS KNOWN RAW 
DETECTED MATERIALS 

OR WASTES 

~rsenic 

Banu. 
C"dllun X 

Chroilul X 

Copper X 

Lead A 

!langan!s! X 

l'Iercury 
NlCkel 
Seienlul 
Silver 
Zinc: 

ACl(iS X 

GasollRe X 

Hydrocarbons, Alipnatic 
Hydrolatlc, ~rolatlc 

Hydrocarbons 
kerosene 
'hneral Spints 
Oi 1 and &r ease 
Pa.lnt 
Palnt Thinner 
Stoddard Sol vent 

f - Drul anlayses provided by Chelieal Waste 
"anagelent does not distingUIsh bet_een 
VOCs wnleh were not detected and those 
which were not analyzed. 

DETECTED 
IN DRUMS 

01 
OS 
OS 
os 
Dl 
DS 
NA 
01 
01 
01 
Dl 
OS 

D 

x - IndIcates raw laterlals knoNn to have been 
used at the NIROP frol file inforlation. 

NA - ConstItuent not analyzed. 

ND - Constituent not detected. 

DS - Constltuent oetected at a SIgnIficant 
conc:entratl on. 

Dr - Constltuent detected at an insIqnIfic:ant 
concentratlon. 

DETECTED DETECTED 
IN SOILS IN BROUND 

WATER 

Dr 01 
OS 01 
01 01 
OS 01 
OS D1 
OS 01 
OS 01 
Dr 01 
OS 01 
D1 OS 
Dl 01 
DS Dl 

NA 



0.0092 mg/l) since April 1984. The intermittent pumping from Fridley 

municipal well 13 may be drawing TCE northwestward from the apparent 

source area(s) in the northcentral portions of the NIROP facility. 

The high TCE concentrations observed immediately downgradient of 

the pit area decreased substantially between October 1983 and April 1984 

(wells FMC-33 and 3-S, Figure 5-8). Since that time TCE concentrations 

have remained relatively stable between 0.5 and 3 mg/I. Samples from 

monitoring well 8-S, however, show the opposite trend; an increasing TCE 

concentration from 4.0 to 9.2 mg/1 between June 1985 and November 1986. 

It is difficult to assess the significance of this apparent trend with 

only two data points. 

The decreases in TCE concentrations observed in FMC-33 and 3-S may 

be linked to the pit/trench remedial action taken under COE direction in 

the fall of 1983 (described in Section 4.1 of this report). This 

action, however, consisted of the removal of 43 barrels, 41 of which 

came from one trench upgradient of well 8-S, where TCE concentrations do 

not appear to be decreasing. The data obtained to date therefore do not 

clearly indicate an improvement of ground water quality as a result of 

the barrel removal. At a minimum, the data suggest that there may be a 

continuing source of TCE in the pit/trench disposal area. If Pit 5, was 

not excavated as planned in earlier investigations, it may be 

contributing to the continuing TCE concentrations observed in wells 3-S, 

8-S, and FMC-33. 

Low concentrations of TCE have been reported in one of four 

monitoring wells in the bedrock aquifer (2-PC), since their installation 

in the fall of 1983. The low TCE concentrations from well 2-PC have 
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decreased by a factor of 12 (0.062 to 0.0053 mg/l) by November 19t:S6. 

Three production wells are also completed in the Prairie du Chien/Jordan 

bedrock aquifer (Figure 2-2). The 3 wells on the NIROP and FMC property 

were found to contain from 0.035 mg/l (Navy 3) to 0.200 mg/l (FMC-1) of 

TCE in April 1981 (Hickok, 1981). Navy wells 2 and 3 were then shut 

down. FMC-1 was sampled until April 1982. The last two samples 

collected from this well contained 0.082 mg/l (Envirodyne, 1983). The 

mechanism by which TCE migrated into the bedrock aquifer is not known. 

Currently, vertical gradients are upward across the St. Peter Formation 

that separates the Prairie du Chien from the overlying unconfined 

aquifer. If TCE was released in volumes great enough to form a separate 

phase in the unconfined aquifer, it could have sunk through the 

unconfined aquifer and the St. Peter Formation. There is no evidence to 

suggest that this has happened near Navy wells 2 and 3 or beneath the 

NIROP facility. The TCE plume above production well FMC-l may extend to 

the base of the unconfined aquifer. The Prairie du Chien aquifer is in 

contact with the unconfined aquifer (Figure 5-3), allowing for direct 

migration into the intake zone of this well. It is not known how 

pumping of these wells changed ground water flow patterns. It is likely 

that pumping reversed the vertical gradients near the wells and ground 

wa ter flowed downward through the St. Peter. If TCE was present near 

the base of the unconfined aquifer, it would have been more likely that 

TCE could have crossed the St. Peter and entered the production wells. 

It is also possible that TCE migrated along the casing of Navy wells 2 

and 3. These wells were installed in 1941 using cable tool m~thods. It 

is unlikely that the 16-inch drive casing that served as the well was 
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grouted or sealed into the St. Peter Formation. This unsealed contact 

between the sediments, rock, and casing could have allowed TCE to enter 

the wells. The potential for TCE migration by this route would be 

greatly enhanced by the reduction of heads caused by pumping. 

Other contaminants detected in significant concentrations in ground 

water downgradient of the pit/trench source area include 1,1,1 

trichloroethane (8-5), 1,1 dichloroethane (8-S, 3-5 and FMC-33), 1,2-

dichloroethylene (8-5, 3-S, and FMC-33), and tetrachloroethylene (8-S, 

3-5, and FMC-33). These five constituents in ground water were detected 

in significant quantities in soils (Table 5-12). 

Three of the five constituents detected at significant 

concentrations in soils were also used as raw materials at the NlROP 

(Table 5-12). Of the remaining two constituents detected in ground 

water, the 1,2-dichloroethylene isomers are breakdown products of TCE 

(see Section 5.3.3). 1,1 Dichloroethane is the only constituent 

detected in ground water and soils which cannot be linked directly to 

the NIROP. However, since 1,1 dichloroethane was detected in 

significant concentrations in soils from the pits/trenches, it is 

probable that it was used at the facility. 

Several constituents which were either detected in drums found in 

the pits/trenches, or were known to have been used as raw materials, 

have not been detected in ground water samples or were detected in 

insignificant concentrations (Table 5-12). These constituents include 

cresol, methyl ethyl ketone, naphthalene, cyanide, phenols, and xylenes. 

Several products used a: the NIROP were not analyzed in any 

medium. These include acids, oil, grease, and gasoline. Although not 
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specifically tested for, most of these products contain constituents 

which would have been included in the analyses performed to date. For 

example, very low pH would have indicated the presence of acids and 

elevated benzene concentrations would have been detected from the 

presence of gasoline. 

The extension of the TCE plume to the north and east of the NlROP 

facility (Figure 5-7) suggests a potential off-site contaminant source. 

TCE has been detected in wells 7-S, 15-S, and 16-5 on both occasions 

that the wells hav:e been sampled. TCE concentrations in samples from 

wells 7-S and 16-S have typically ranged from 0.097 to 0.19 mg/l while 

the two samples from well 15-S had concentrations of 0.017 and 0.0071 

mg/l. The high concentrations at wells 7-5 and 16-5 suggest a source 

between these wells and wells 14-S and 15-5 or a narrow TCE plume 

migrating southwestward between wells 14-5 and 15-5. 

Kurt Manufacturing is a CERCLA site to the northeast of the NIROP 

and could be a potential source of organic constituents. The likelihood 

of Kurt Manufacturing contributing to the observed concentrations has 

not been evaluated. Previous investigations (Braun Engineering, 1983), 

however, found that tetrachloroethylene was generally found in 

concentrations greater than or equal to TCE. Only TCE has been detected 

in the monitoring wells immediately upgradient of the NIROP. 

The water table map (Figure 5-4) indicates that ground water flow 

in the shallow portions of the unconsolidated aquifer travels from the 

vicinity of wells 15-5 and 16-5 across the NlROP facility. Thus, TCE 

from an off-site source would contribute to the total TCE mass observed 

beneath the NIROP in the unconsolidated aquifer. No deep alluvial wells 
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have been completed in the vicinity of 15-5 and 16-s. The contribution 

from any potential off-site source to the deep portions of the 

unconsolidated aquifer is unknown at this time. 

The TCE concentration data on Figure 5-7 suggests a separate 

contaminant source either in the immediate vicinity of well 9-5 or 

upgradient (offsite and to the northeast) of well 9-S. Well 9-S was 

first sampled in June 1985. Significant concentrations of 1,1,1 

trichloroethane (0.39 mg/l), 1,1, dichloroethane (0.066 mg/l) , 

tetrachloroethylene (0.22 mg/l), 1,2 dichloroethylene (0.50 mg/l) and 

TCE (3.2 mg/l) were detected at that time. Two subsequent sampling 

rounds in January 1986, and November 1986 yielded similar concentrations 

of the above constituents as well as dissolved selenium (0.049 mg/l), 

which was analyzed for the first time in November 1986. The mix of 

organic constituents detected in well 9-S are mostly the same as those 

detected in the pit/trench area. However, concentrations detected at 

9-S are generally higher than those seen in the pit/trench area since 

drum excavation. In fact well 9-5 has had the highest concentration 

detected at the NIROP for four VOCs including 1,2 dichloroethylene, 

tetrachloroethylene, 1,1,1 trichloroethane and 1,1 dichloroethylene 

(Table 5-11). Monitoring well 9-S was also the only well to yield 

samples with significant quantities of selenium. 

Potential sources of the contamination detected at well 9-S on the 

NIROP facility include an above-ground TCE tank, underground fuel oil 

tanks, and underground Stoddard solvent tanks. The above-ground TCE 

tank was moved near well 9-5 in 1983 as detailed in Section 4.1. If the 

above-ground TCE tank was the source of contamination at well 9-5 then 
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one would not expect to see tetrachloroethylene, 1,1 dichloroethylene or 

selenium emanating from the tank area as well. 

Similar arguments can be made for both the underground fuel tanks 

and the underground Stoddard solvent tanks located near 9-S. An 

underground fuel tank leak would have shown the presence of benzene, 

toluene and xylene and not the constituents detected above. Likewise, a 

leaking Stoddard solvent tank would also have shown benzene, 

ethylbenzene, toluene, and xylene and not TCE or selenium. Therefore, 

it appears that the source of contamination detected in well 9-8 may be 

due to off-site activities to the northeast. 

The vertical extent of hazardous substances into the deeper 

portions of the unconfined aquifer on the east side of the NIROP may be 

reflected by the chemistry of samples from well 3-D. TCE concentrations 

from this well have been low but consistent (0.023 to 0.012 mg/l). With 

the exception of the November 1986 sampling, the shallow well at that 

location (4-5) has been free of TCE, suggesting that the TCE in well 3-D 

could not have originated from downward migration. This still leaves 

open the possibility for lateral (off-site) migration through the 

gravelly sand layer in which well 3-D is completed. 

The plume of hazardous constituents that originates near or 

migrates on to the eastern NIROP boundary apparently extends west of 

River Road to wells 8-0, 9-0, 18-5, and 19-5 (Figure 5-7). TCE con

centrations at well 8-0 and 18-S are on the order of 8 mg/l and 2 mg/l, 

respectively, while concentrations from wells 9-0 and 19-5 are on the 

order of 3 mg/l and 0.07 mg/l. The highest concentrations are found at 

the base of the alluvial aquifer at both locations. Based on the ground 
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water flow paths in the base of the aquifer (Figure 5-5), it is likely 

that these high concentrations extend eastward toward well 9-S. 

Other organic compounds found west of East River Road include 1,2-

dichloroethylene (8-D, 9-D, and 18-S), tetrachloroethylene (8-D) , and 

1,1,1-trichloroethane (9-D). Only 1,2-dichloroethylene is found at 

significant concentrations (> 0.05 mg/l). This differs from the 

apparent upgradient mix of organic compounds found in samples from well 

9-5; where 1,1-dichloroethylene, tetrachloroethylene, and 

trichloroethane occur in concentrations from 0.008 to 0.4 mg/l. 

1,1,1-

The mix 

of constituents is similar to that found at wells 7-5, 10-S, and 11-5 

(discussed below), but the concentrations at 18-S and 8-D are one to two 

orders of magnitude greater. 

There is insufficient information at this time to assess the 

cause(s) or significance of the inconsistencies between the mix of 

hazardous constituents and their concentrations amoung the monitoring 

wells. It is apparent, however, that high concentrations of TCE (1 to 

10 mg/l) are leaving the NIROP facility and moving toward the 

Mississippi River. It is also not clear as to whether some or all of 

the TCE observed on the east side of the NIROP originated on the site or 

has migrated onto the site from some unknown source to the east. 

Separate sources of contamination may be located beneath or 

southwest of the main NIROP building, near wells 6-S, 10-S, 11-5, and 

17-S. A narrow TCE plume extending from the pit/trench area through 

wells 10-5 and 6-5 is shown on Figure 5-7. Wells to the north and west 

of 6-5 and 10-8 (4-D, 5-5, and 4-PC) and to the south (11-5 and 6-D) are 

outside of the plume indicated. Constituents detected in well 6-S 
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include TCE, 1,2 dichloroethylene, 1,1 d1chloroethane, tetrachloro

ethylene, and 1,1,1 trichloroethane. However, well 10-S has shown only 

the presence of TCE and 1,2 dichloroethylene, suggesting separate 

sources for the constituents observed in these wells. 

Well 10-S is located less than 100 feet from the pre-1983 location 

of the above-ground TCE tank (see Figure 2-2). The constituents 

detected in well 10-S (TCE and 1,2 dichloroethylene) suggest a pure TCE 

contaminant source near 10-S, the pre-1983 TCE tank. This may be the 

source of some of the constituents seen in 6-S; however, the tetra

chloroethylene and 1,1 dichloroethane detected in 6-S would have to come 

from a source other than the former TCE tank. 

Well 6-S is located very close to two storm sewers which exit the 

NIROP westward toward the Mississippi River (Figure 4-2). These lines 

drain most of the area within the NIROP building. Several spills of 

various materials into floor drains that are part of the sewer system 

were documented in Section 4.1. Corrective action taken in the instance 

of some spills was to seal storm sewer drains in the vicinity of the 

spill, thus implying that spilled materials have entered the storm sewer 

system. Sampling of the storm sewer outfall on one occasion also found 

several organic compounds, including TCE, to be in the effluent (Hickok, 

1981). Leaks from the storm sewer system immediately west of the 

building might account for the hazardous substances seen at well 6-5. 

Monitoring well 6-S is also downgradient of the pit/trench disposal area 

(Figure 5-4 and 5-7). Some of the hazardous constituents observed in 

samples from well 6-8 probably originated from the ~lt/trench area. 
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Monitoring wells 17-5 and 7-D are downgradient of both wells 10-S 

and 6-S. Samples from well 17-S contain both TCE and 1,2-

dichloroethylene while 7-D (the deep alluvial monitoring well) is free 

of organic constituents. The lack of organic constituents at the base 

of the alluvial aquifer supports the interpretation of a shallow plume 

on the west side of the NIROP facility. The data from the shallow well 

(17-5) show the plume continuing toward the Mississippi River, with a 

constituent mix similar to that found at well 10-S. It is not known Why 

the other organic constituents seen at well 6-S are not found in 17-5. 

Leaks from the sanitary sewer system (Figure 4-2) may also have 

contributed to the organic constituents detected in ground water. 

Spilled materials as well as treated wastes enter the sanitary system. 

For example, a 200-gal10n TCE spill to the sanitary system was detailed 

in Section 4.1. Sampling of the effluent has found organic compounds, 

including TCE (Hickok, 1981). Thus, leaks from the sanitary system to 

the ground water may contribute to contamination in the vicinity of 

wells 6-S, 11-S, and 17-5. An attempt to evaluate potential leaks from 

the sanitary sewer by evaluation of major ion chemistry was made during 

the November 1986 sampling round. Sanitary sewage typically contains 

significant concentrations of chloride, nitrate, alkalinity, and sodium 

(Todd, 1980; Miller, 1980). The intent of the major ion analyses was to 

determine whether these constituents increased in concentration down-

gradient of the NIROP relative to upgradient or background concentra

tions. The data were evaluated using trilinear plots (Piper, 1944). 

The cation-anion balances for 88 percent of the samples were < 10 

percent, yielding a large set of acceptable data for the evaluation. 
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When the data were plotted, the samples generally fell wi thin the Ca + 

Mg: HC03 + 804 field of the diagram. There was no evident change in 

chloride, alkalinity, or sodium concentrations downgradient of the NIROP 

sanitary sewers. Nitrate concentrations also did not show a spatial 

distribution related to the sanitary sewers. The highest nitrate values 

(17.0 to 3.29 mg/l) were found upgradient of the NIROP sewers. The 17.0 

mg/l concentration measured in the sample from well 14-S exceeds the 

10.0 mg/l MCL. 

SlUIIIIary • Four separate source areas of contamination have been 

related to the observed occurrence of hazardous constituents in ground 

water. These areas were identified on the basis of the constituents 

detected and ground water flow patterns. The four areas discussed 

included the pit/trench area near wells 8-S, 3-S, and FMC-33; an off

site source northeast of the NlROP; the area around well 9-S or an off

site source east of well 9-S; and the area southwest of the NIROP main 

building around wells 10-8 and 6-8. Some of the constituents found 

southwest of the building may have originated with the TCE storage tank 

located near well 10-8 from 1962 to 1983. The remaining constituents 

have probably migrated southwestward from the pit/trench area. 

The distribution of hazardous constituents suggests two separate 

plumes are found beneath the NIROP facility_ One plume begins north of 

the NIROP and moves beneath the pit/trench area where TCE concentrations 

increase by one order of magnitude. Migration continues to the south

west toward wells 6-5, 10-5, and 17-5, where TCE concentration increases 

suggest an additional source of TCE to the ground water. The plume also 

appears to be limited to the upper portions of the alluvial aquifer. 
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The second plume originates near well 9-S or somewhere east of the 

NIROP facility. The plume migrates southwestward toward wells 18-8 and 

8-D where the data suggest that the TCE plume may extend across the 

entire thickness of the alluvial aquifer. 

The two plumes apparently merge in the vicinity of wells 1i-S and 

18-S, continuing to migrate westward until the ground water discharges 

to the Mississippi River. Concentrations of TCE in the ground water 

reaching the river are probably on the order of 1 to 10 mg/l. 
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6. SURFACE WATER INVESTlGATIOfi 

6.1 Surface Water Characteristics 

The NIROP facility is situated on an alluvial terrace of the 

Mississippi River. Much of this very flat surface is covered by build

ings and pavement. Runoff from these hard-surfaced areas, as well as 

from drains within the plant, is collected by a series of storm sewers, 

which discharge into the Mississippi River, located approximately 800 

feet west of the plant boundary. 

The flow of the Mississippi River is recorded by the United States 

Geological Survey (USGS) at a gaging station near Anoka, which is 

located about 6 river miles upstream from the N1ROP site. Water 

elevation near the NIROP range from 800 to 810 feet MSL. The average 

discharge at this station is about 7,600 cubic feet per second (cfs) or 

4,900 million gallons per day (Mgd). The average monthly flow at this 

station is seldom less than 1,000 cfs (650 Mgd) and is generally between 

4,000 and 10,000 cfs (2,600 and 6,500 Mgd) (Norvitch and others, 

1973). Low-flow conditions for the river are expressed generally in 

terms of a number of consecutive days during which the flow does not 

exceed a gi ven value. Statistically, these conditions occur with a 

certain frequency called a recurrence interval. For the Mississippi 

River near Anoka, a flow of less than 1,000 cfs (650 Mgd) for a 7-day 

duration occurs about once every ten years. A low-flow of 2,400 ds 

(1,500 Mgd) for a 7-day duration occurs about once every two years 

(Mann, 1971). 

As part of a 1975 study, the U.S.G.S. determined flood plain datums 

at the 1-694 bridge less than 1 mile north of the NIROP. The lOO-year 
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flood plain elevation was found to be 818 feet (MSL) and the 500-year 

flood plain was found to be 821.5 feet (MSL) (U.S.G.S. 1987). 

Ground elevations for the terrace on which the NIROP site is 

located are over 830 feet (MSL). Therefore, the facility is not within 

the boundaries of either the 100-year flood plain or the SOO-year flood 

plain. 

6.2 Ground Water/Surface Water Relationship 

Papadopulos (1983) showed that hydraulic communication exists 

between both the alluvial and Prairie du Chien aquifers and the 

Mississippi River beneath the FMC study area, immediately south of the 

NIROP. Papadopulus determined that the control the Mississippi River 

exercises on ground water levels in the vicinity of the site is evidence 

that the river is the downstream head control for the ground water 

system and is the discharge area. Conditions at the adjacent NIROP 

study area are expected to be the same. Similar comparisons with NIROP 

well data and river stage are difficult at this time, since newer wells 

near the river were not installed until 1986. 

6.3 Surface iater Use 

The Mississippi River is a drinking water source for Minneapolis 

and St. Paul. Surface water is withdrawn from the Mississippi River at 

the St. Paul water intake (about 3 1/2 river miles upstream from the 

site) and at the Minneapolis water intake (about 1 mile downstream from 

the site). In 1970, St. Paul had a total water use of about 56 Mgd. 

Most of this water was derived from the intake on the Mississippi 
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River. In 1970, Minneapolis was withdrawing approximately 77 Mgd from 

the river (Norvitch and others, 1973). In 1979, St. Paul's total water 

use had declined to about SO Mgd and Minneapolis' withdrawal was 

estimated to be about 55 Mgd (Papodopulos, 1983). 

In addition to drinking water, the MissisSippi River is used for 

recreation, transportation, and wastewater discharge. In the vicinity 

of the NIROP, the Anoka wastewater treatment facility is located about 

13 river miles upstream from the disposal site and discharges effluent 

into the river. The discharge rate is about 2 Mgd (Larson and others, 

1976). 

6.4 Surface water Contamination 

On March 16, 1981, and April 23, 1981, Navy water supply wells and 

FMC well 1 (Figure 2-2) were tested and found to contain 

trichloroethylene (TCE) at concentrations ranging from 0.035 mg/l to 

0.200 mg/l. Subsequent sampling in 1981 at the Minneapolis water supply 

intake, approximately 1 mile downstream in the Mississippi River (Figure 

2-2), found detectable but unquantifiable TCE Concentrations during 4 

sampling rounds. On December 31, 1981, the first quantifiable 

concentration (0.0012 mg/l) of TCE was detected at the water supply 

intake. Table 6-1, adapted from the lAS report (Envirodyne 1983), 

summarizes the concentrations of TCE detected at the water intake for 

the period July 1981 to August 1982. The TCE concentrations detected at 

the water intake may have been related to activities at the NIROP (sewer 

discharge or ground water contamination) or from other upgradient 

sources. 
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TABLE 6-1 

TRICHLOROETHYLENE CONCENTRATION AT MINNEAPOLIS SURFACE WATER INTAKE* 
(mg/l) 

Minneapolis Minneapolis 
Sample Date Water Intake Finished Water 

07/22/81 ** 

07/29/81 'II'll 

08/14/81 ** 
09/08/81 ** 
12/31/81 0.0012 

01/27/82 0.0013 

02/03/82 0.0010 

02/10/82 0.0012 

02/17/82 0.0011 

03/03/82 0.0009 

03/17/82 0.0008 0.0006 

04/01/82 < 0.0002 

04/07/82 < 0.0002 < 0.0004 

04/16/82 < 0.0002 < 0.0002 

04/19/82 < 0.0002 

04/21/82 < 0.0002 0.0004 

04/23/82 < 0.0002 

06/16/82 0.0009 0.0004 

06/30/82 0.0008 0.0002 

07/14/82 0.0004 0.0010 

07/28/82 0.0006 'II'll 

08/11/82 0.0006 0.0002 

* (Envirodyne, 1983). 

** Indicates that TC[ was present, but the amount was too small to 
quantify. 
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7. ASSESSHENT OF POTENTIAL IKPACT OF EXISTING GROUND WATER 
CONTAKlNATION TO PUBLIC HEALTH 

7.1 Introduction 

The factors evaluated to complete the assessment of the potential 

impact of the existing ground water contamination include the following: 

The contaminants present in the ground water 
The potential contaminant migration 
The distribution of ground water contamination on and off the 
site 
The potential for human exposure and the adverse effects of 
exposure 

Existing conditions at the NIROP site were defined by available 

analytical data obtained through November 1986. The information was 

used to identify critical contaminants and the pathways by which they 

may impact public health. The risk assessment was evaluated for the 

potential receptor area of the Minneapolis municipal water supply intake 

situated downstream of the site on the Mississippi River. 

7.2 Suamary of Existing Conditions 

The graphical representation of TCE contamination as shown in 

Figure 5-7 in the shallow alluvial wells reveals that there are probably 

at least 4 source areas. Two major potential sources are the "pits and 

trenches" area along the northern side of the plant and a second area to 

the east of the plant. Wells in these two locations exhibit the highest 

TCE concentrations. Soil samples taken after excavation of the pits and 

trenches also reveal residual levels of TCE, 1,2-dichloroethylene, 1,1-

dichloroethylene, tetrachloroethane, toluene, and 1,1,1-trichloroethane. 

The distribution of TCE in the unconsolidated aquifer is consistent 

with shallow ground water flow. For example, TCE levels generally 
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decrease at wells downgradient of the suspected -source areas, and at 

wells that are transverse to flow lines through the source areas. Wells 

not subject to flow from the source areas typically exhibit TCE levels 

at the analytical detection level. It is also possible that there are 

additional off-site or on-site sources which have not yet been identi

fied, and which may be influencing the observed distribution of TCE. 

Ground water flow through the unconsolidated (as well as underlying 

bedrock) aquifer discharges to the Mississippi River west of the site. 

The unconsolidated aquifer pathway may result in contaminant loading to 

the river • Contaminants discharging to the river would be subject to 

dilution in proportion to the ratio of ground water flow to river 

flow. Based on available hydrogeological data and the annual average 

daily low flow for the river, this dilution factor was estimated to be 

approximately 555, assuming complete mixing (RMT, 1987). Since the 

receptor point of interest, the Minneapolis water supply intake, is 

located only 1 mile downstream of the NIROP facility, complete mixing 

may not be a valid assumption. If incomplete mixing is assumed which 

results in ground water mixing with only 10 percent of the river flow, 

the dilution factor would be 55. 

The actual dilution factor is probably closer to 55 (10 percent 

mixing) as calculated with the following equation taken from the Draft 

Superfund Exposure Assessment Manual (Versar, 1986): 

MZ .. 0.4 w2u 

O.6d / gds 
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where: 

MZ = mixing zone length 
w = width of water body 
u = stream velocity 
d stream depth 
s = slope of the stream channel 
g = acceleration due to gravity 

Values used in the above equation which were felt to be representative 

of the Mississippi River near the NIROP were as follows: 

w = 
u = 

720 feet; measured on site map 
2 feet/second (Case 1) 
1 foot/second (Case 2); values for u were selected based 
on the equation 

u = Q (discharge) 
w . d 

w = 720 feet (from above); d was assumed to be 10 feet 
(Case 1) and 20 feet (Case 2) 

Q = Approximately 14,500 cubic feet/second was average 
discharge in water year 1985 reported by USGS 

d = 10 feet (Case 1) 
20 feet (Case 2); 
0.0003 feet/foot; 
32 feet!second2 

s = 
g = 

values assumed 
measured on USGS topographic map 

Solving the equation yields mixing zone values of 42 miles (Case 1) and 

7.5 miles (Case 2). If mixing is assumed to be linear over the entire 

mixing zone and the distance to the water intake equals one mile, then 

that distance would equal 2.4 percent of the mixing zone (Case 1) and 

13.3 percent of the mixing zone (Case 2). Thus, the use of a dilution 

factor of 55, asuming 10 percent mixing, is probably of the right order 

of magnitude. This level of precision is sufficient for the preliminary 

assessments made in this report. 
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Evaluation of the I.pact of Existing Conditions to Public Health 

:Method of Evaluation 

This evaluation is a preliminary assessment of the public health 

impacts based only on available ground water monitoring data and is not 

intended to be a comprehensive risk assessment. The method for 

evaluating the health risk for contaminants identified on-site has been 

adapted from the Superfund Public Health Evaluation Manual, draft 

edition, December 18, 1985, prepared for the USEPA by IFC, Inc. (RMT, 

1987). 

The risk level for TCE was calculated for the Minneapolis water 

supply intake by "diluting" the observed off-site concentrations by the 

dilution factors of 555 (100 percent mixing) and 55 (10 percent mixing) 

described in Section 7.2. The average mean value for all samples from 

the off-site wells was used in this calculation because the flux of 

ground water to the river is across a two-dimensional plane represented 

by all the wells, and not by any particular well. The water intake 

evaluation actually results in an incremental risk level since it does 

not include the potential presence of TCE in the river from other 

upstream sources. It is also conservative because it assumes that there 

is no removal in the river by volatilization or biodegradation. 

7.3.2 Deviations and Assuaptions 

This evaluation is based on the assumption that the primary route 

of human exposure occurs only through ingestion of ground water or river 

water and that the effect of exposure through other media (e.g., air 

transport and inhalation, soil contact, etc.) are negligible. Hence, it 
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was not considered necessary to select other indicator chemicals through 

the ranking process outlined in the Superfund Public Health Evaluation 

Manual. 

TCE contamination via ground water discharge to the Mississippi 

River has been evaluated in this section. Although Hickok (1981) 

reported several detected VOCs in storm water discharge to the river 

(see Section 4.1.3), the storm sewers have not been sampled since that 

time. 

7.3.3 Computation of Results 

The calculation of risk is based on the numerical technique 

described in the Superfund Public Health Evaluation Manual. The 

calculated values of TCE concentrations at the Minneapolis municipal 

water intake were found to be 0.003 mg/l if 100 percent dilution occurs 

and 0.033 mg/l if the dilution factor is 10 percent (RMT, 1987). 

Since TCE is listed as a human carcinogen, the estimated daily 

intake was multiplied by the USEPA I S carcinogenic potency factor to 

determine actual risk levels. In evaluating carcinogenic risks, the 

USEPA considers risks lower than 1 x 10-6 as the acceptable range. The 

Minnesota Health Department considers the risks of multiple carcinogens 

to be additive and uses risks lower than 1 x 10-5 as being in the 

acceptable range for the total of all carcinogens present. 

Because the relationship between risk and observed concentration is 

linear, it can be plotted as a straight line on log-log paper. Figure 

7-1 plots specific TCE data points at several locations. Figure 7-1 

illustrates that there is a carcinogenic risk at on-site and off-site 
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wells as well as in a background well (15-5), in excess of state and 

federal guidelines. The calculations for risk at the Minneapolis 

municipal water supply intake are generally in the range of acceptable 

levels, depending on the dilution assumption used. 

7.4 Evaluation of Possible Future Effects 

Based upon present knowledge regarding the extent of past waste 

disposal practices and the fact that TCE levels are declining in some 

wells, it appears that the risk evaluation for existing (observed) 

conditions provides a conservative estimate of future risks as well. 

The evaluation of risk for potential future conditions could be improved 

by better defining sources and by identifying any additional trends in 

ground water quality over time. 

The future risk to public health may be summarized as follows: 

In the absence of remedial action, a large, unidentified 
continuous TCE source may yield downgradient concentrations 
which are higher than those presently observed. Public health 
risks would increase proportionally. The data to date, 
however, do not indicate worsening ground water quality in 
terms of TCECo'Ocentrations. This scenario is not realistic 
if all large sources are presently known. 

If there have been no new sources of TCE in the last 5-10 
years, then the concentrations presently observed (and the 
corresponding risks) probably will not increase. 

Since the effects of small, isolated sources of relatively 
pure TCE (such as subsurface pools or pockets) are relatively 
local, not all of the risks may be presently known. 
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9. TEBKINOLOGY GUIDE 

The following guide is broken into the following two sections: 

Explanation of various federal environmental laws 

Other terminology 

The laws are not in alphabetical order, the other terms are. 

ENVIB.ONKENTAL LAWS: 

ltCRA 

Resource Conservation and Recovery Act of 1976. What we commonly 

refer to as RCRA is an amendment to the first piece of Federal solid 

waste legislation called the Solid Waste Disposal Act of 1965. RCRA was 

amended in 1980 and most recently on November 8, 1984 by the Hazardous 

Solid Wastes Amendments of 1984 (HSWA). 

The goals set by RCRA are the following: 

To protect human health and the environment. 

To reduce waste and conserve energy and natural resources. 

To reduce or eliminate the generation of hazardous waste as 
expeditiously as possible. 

To achieve these goals, three dis tinct yet interrelated programs 

were developed under RCRA. The first program, outlined under Subtitle D 

of RCRA, encourages states to develop comprehensive plans for the 

management of solid wastes, primarily nonhazardous (e.g., household 

waste). The second program, outlined under Subtitle C of the Act, is 

the one most people think about when RCRA is mentioned. It establishes 

a system for controlling hazardous waste from the time it is generated 

until its ultimate disposal, in effect, from "cradle to grave." The 

last of the three programs established under RCRA is also the newest. 
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This program, outlined under Subtitle I of the Act, regulates certain 

underground storage tanks. It establishes performance standards for new 

tanks and requires leak detection, prevention and correction at 

underground tank sites. 

It is important to note that although RCRA creates a framework for 

the proper management of hazardous and nonhazardous solid waste, it does 

not address the problems of hazardous waste encountered at inactive or 

abandoned sites or those resulting from spills that require emergency 

response. They ar~ taken care of by a different act, the Comprehensive 

Environmental Response, Compensation, and Liability Act (CERCLA), better 

known as Superfund. 

The Subtitle C program developed under RCRA creates a Federal 

.. cradle to grave" hazardous waste management system that sets forth 

statutory and regulatory requirements for the following: 

Identifying hazardous waste. 

Regulating generators of hazardous waste. 

Regulating transporters of hazardous waste. 

Regulating owners and operators of facilities that treat, 
store, or dispose of hazardous wastes. 

Issuing operating permits to owners or operators of treatment, 
storage, and disposal facilities. 

Enforcing the Subtitle C program. 

Transferring the responsibilities of the Subtitle C program 
from the federal government to the states. 

Requiring public participation in the Subtitle C program. 

Subtitle I of the Act is a new program created by HSWA to regulate 

petroleum products and hazardous substances (as defined under CERCIA) 

stored in tanks underground. It is designed as a regulatory program 
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that may be delegated to states. Under this program, the EPA must 

establish regulations laying out performance standards for new tanks as 

well as standards covering leak detection, leak prevention, and 

corrective action for both new and existing underground storage tanks 

(UST). The objective of this subtitle is to prevent leakage from tanks 

that could pollute the environment, especially ground water. 

Subtitle I regulates underground tanks storing petroleum products 

(including gasoline and crude oil) and any substance defined as 

hazardous under CERCLA. It is important to note that Subtitle I does 

not regulate tanks storing hazardous wastes as defined by RCRA. Such 

tanks are already regulated under Subtitle C. 

Under certain circumstances, RCRA facilities may have to comply 

wi th the regulatory requirements of other federal environmental acts 

including the following: 

HSWA 

Clean Air Act 

Clean Water Act 

Safe Drinking Water Act 

Toxic Substances Control Act 

Comprehensive Environmental Response, Compensation, and 
Liabili ty Act 

The Hazardous and Solid Waste Amendments of 1984 (Public Law 98-

616) that Significantly expanded both the scope and the coverage of 

RCRA, especially regarding Underground Storage Tanks. 
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CEB.ClA 

The Comprehensive Environmental Response, Compensation, and 

Liability Act (CERCLA), passed in 1980 and commonly known as 

"Superfund." CERCLA gives the federal government the power to respond 

to releases (e.g., spills), or threatened releases, of any hazardous 

substance into the environment as well as to a release of a pollutant or 

contaminant that may present an imminent and substantial danger to 

public health or welfare. CERCLA established a Hazardous Substance 

Trust Fund (Superfund), available to finance responses taken by the 

Federal Government. 

The Superfund program consists of the following three functions: 

Taking actions in response to releases or threatened releases 
of hazardous substances, pollutants, or contaminants. 

Requiring responsible parties (any individual(s) or 
corporation(s) responsible for, or contributing to a hazardous 
waste site--also referred to as RPs) to take the appropriate 
response action and overseeing their response. 

Recovering expenditures for response actions taken by the 
Federal Government. 

EPA has authority to take action under CERCLA whenever any of the 

following occurs: 

A release or substantial threat of release of any hazardous 
substance. 

A release or a substantial threat of release of any pollutant 
or contaminant that may present an imminent and substantial 
danger to the public health or welfare. 

Two types of response actions exist: removal and remedial. 

Removal actions generally are short-term cleanups that usually 
address problems only at the surface of a site. They are 
conducted in response to an emergency situation, e.g., to 
avert an explosion or to clean up a hazardous waste spill, or 
to stabilize a site until a permanent remedy can be found. 
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Remedial actions are generally more expensive (an average of 
$6-$12 million) and of longer duration (an average of 3.5 
years) than removal actions. Remedial actions are intended to 
provide permanent- solutions to hazardous substance threats. 
The EPA can take remedial actions only at hazardous was te 
sites on the National Priorities List (NPL), which contain the 
nation's most dangerous sites. Sites are placed on the NPL 
after being evaluated through the Hazard Ranking System 
(RRS). The HRS is a model that determines the relative risk 
to public health and the environment posed by hazardous 
substances in ground water, surface water, air, and soil. 

The EPA often tries to identify the parties that are responsible 

for the contamination before taking any response action. The following 

individuals can be considered responsible parties (RPs): 

Past and present owners or operators of the site. 

Generators of hazardous substances found at the site. 

Transporters of hazardous substances to the site. 

Once the RPs are identified, the EPA determines whether they are 

able to undertake the response action. If they are, the EPA can either 

negotiate a legal agreement requiring the RPs to respond or unilaterally 

order them to take the response action. If the RPs are either unable to 

respond or refuse to comply with the Agency's order, the EPA can take 

the necessary response action itself. 

Regardless of who carries out the response, the procedures for 

doing so are uniform. These procedures are outlined in the National 

Contingency Plan (NCP). Although CERCLA and RCRA are separate programs 

(CERCLA addressing problems at facilities no longer operating, RCRA 

regulating present and future waste management), they overlap in a 

number of areas. The areas of relationship encompass the following: 

Disposal of Superfund wastes. 

Corrective action. 
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Imminent hazards. 

Disposal 

When wastes from a CERCLA site are taken off-site for treatment, 

storage, or disposal, the facility to which they are brought must have a 

RCRA permit to be operating under interim status. Superfund policy 

further requires that facilities used for treatment or disposal of 

Superfund waste be inspected by the EPA to ensure that they are in 

compliance with the appropriate RCRA regulations. In addition to 

sending waste to facilities that are in com.pliance with RCRA regula

tions, any individual moving waste from a Superfund site must adhere to 

RCRA's generator and transporter requirements. 

Wherever applicable, on-site treatment, storage, or disposal of 

hazardous waste at Superfund sites must meet RCRA technical requirements 

for the design and operation or the closure of a facility. 

corrective Action 

Prior to HSWA, the EPA's only explicit authority for requiring 

owners or operators of RCRA facilities to conduct extensive cleanups was 

under CERCLA. Now, RCRA authorizes EPA to require corrective action 

under an order or as part of a permit whenever there is or has been a 

release of hazardous waste or constituents into the environment. HSWA 

provides similar corrective action authority in response to releases at 

interim status facilities. HSWA further directs the EPA to require 

corrective action beyond the facility boundary, on a case-by-case basis, 

pending new regulations to that effect. 
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The EPA interprets the term "corrective action" to cover the full 

range of possible actions, from studies and quick-fix measures to full 

cleanups. Anyone who violates the corrective action order can be fined 

up to $25,000 per day of noncompliance and runs the risk of having their 

interim status suspended or revoked. 

Imminent Hazard: 

Both CERCLA. and RCRA contain provisions that allow the EPA to 

require persons contributing to an imminent hazard to take the necessary 

actions to clean it up. Under CERCLA., the EPA is given authority, via 

the courts, to abate an imminent or substantial danger to public health 

or welfare or the environment that results from an actual or threatened 

release of a hazardous substance. The authority under RCRA is 

essentially the same, except that in RCRA's imminent hazard provision, 

nonhazardous as well as hazardous solid waste releases are addressed. 

The CERCLA. and RCRA imminent hazard provisions may be used in tandem to 

strengthen the government's case. 

SARA 

Superfund Amendments and Reauthorization Act of 1986 (Public Law 

99-499) which reauthorized and amended CERCLA (as well as certain other 

Acts), and established a new title pertaining to emergency planning and 

community "right-to-know." 

Selected key factors include the following: 

Sets CERCLA cleanup standards with emphasis on permanent 
remedies -- particularly in favor of on-site treatment -- even 
when the remedy selected is untested or unproven in the field. 
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Requires on-site remedial actions to meet all Federal and 
State "Applicable or Relevant and Appropriate Requirements 
(ARARs)" unless requirements are waived -- thereby closing the 
earlier gaps between CERCLA and other environmental acts. 

Allows for increased state participation in CERCLA cleanup 
decisions and in site evaluation/negotiation processes. 

Enables private citizens to file civil suits under CERCLA. 

Amends RCRA regarding underground storage tanks (UST) 
requiring:---among other things, that EPA write financial 
responsibility requirements for UST owners. 

Applies CERCLA to federal facilities. 

Establishes an $8.5 billion fund to finance CERCLA cleanups 
and a $500 million UST trust fund to finance UST program 
activities. 

OTHER TERMINOLOGY: 

LD50 = Lethal dose 50 is the dose of a substance which is fatal to 
50 percent of the test animals. 

MCL • Maximum contaminant level which (per 40 CFR l41.2(c» means 
the maximum permissible level of a contaminant in water which is 
delivered to the free flowing outlet of the ultimate user of a 
public water system, except in the case of turbidity where the 
maximum permissible level is measured at the point of entry to the 
distribution system. Contaminants added to the water under 
ci rcums tances controlled by the user, except these resul ting from 
corrosion of piping and plumbing caused by water quality, are 
excluded from this definition • 

MCLG = Maximum contaminant level goal (formerly recommended maximum 
contaminant level or RMCL) which (per 40 CFR l41.2(u) means the 
maximum level of a contaminant in drinking water at which no known 
or anticipated adverse effect on the health of persons would occur, 
and which includes an adequate margin of safety. [Maximum 
contaminant level goals] are nonenforceable health goals. 

Mineral Spirits = (per the Merch Index, 10th edition, item number 
6067) Petroleum spirits. In the U.S.A. same as ligroin; in the 
U. K. a volatile hydrocarbon mUtture having a flash point below 
O°C. Mineral spirits are a petroleum distillate product. 
Petroleum distillates contain no chlorinated solvents. 

MPCA = Minnesota Pollution Control Agency. The Minnesota Pollution 
Control Agency (MPCA) was established in 1967, replacing the Water 
Pollution Control Commission, established in 1945. The Agency was 
given all of the powers and duties of the commission, and was also 
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directed to establish air quality standards and make recommenda
tions on solid waste disposal and land use. In 1969, the legisla
ture increased the Agency's water pollution control authority, more 
fully described the Agency's air pollution standards and permit 
authority, and gave it the power to adopt standards and regulations 
for the collection, transportation, and disposal of solid waste. 
Over the years, additional responsibilities have been added, such 
as noise pollution and toxic and hazardous waste regulation. 

PCBs (Aroclors) = Polychlorinated biphenyls (trade name under which 
they were marketed by Monsanto was Aroclor). 

The term polychlorinated biphenyls (PCBs) refers to a family of 
organic chemicals which have been produced and marketed in this 
country for 45 years as a series of relatively complex mixtures 
under the trade name Aroclor. Each of these mixtures contains a 
number of chlorinated biphenyl isomers out of an overall range of 
chlorine content from one chlorine to ten chlorines per molecule. 
In general, higher chlorine content corresponds to greater 
resistance to chemical (and biochemical) degradation. 

PCBs are among the stable organic compounds known, and, in 
addition, they exhibit other properties which render them extremely 
advantageous for use as dielectric and heat transfer fluids. These 
properties include low solubility in water, low vapor pressure, low 
flammability, high heat capacity, low electrical conductivity, 
favorable dielectric constant, and suitable viscosity-temperature 
relationships. 

The commercial process by which the PCBs are made involves the 
chlorination of biphenyl with anhydrous chlorine in the presence of 
a catalyst which may be either iron filings or ferric chloride. 
The crude product is generally purified to remove color, traces of 
hydrogen chloride, and the catalysts by treatment with alkali and 
subsequent distillation. The resulting product is then a more or 
less complex mixture of the chlorobiphenyls, the precise composi
tion depending on the conditions under which chlorination was 
carried out. 

The products made by Monsanto under the tradename Aroclor are 
designated as to . the starting material, with biphenyl represented 
by the 12 prefix, and with the approximate chlorine percentage by 
the second set of digits (i.e., Aroclor 1248 is a chlorinated 
biphenyl containing approximately 48 percent chlorine). 

SMCL = Secondary Maximum Contaminant Level which (per 40 CFR 
143. 2(f» means SMCLs which apply to public water systems and 
which, in the judgement of the [EPA] Administrator, are requisite 
to protect the public welfare. The SMGL means the maximum permiS
sible level of a contaminant in water which is delivered to the 
free-flOwing outlet of the ultimate user of public water system. 
Contaminants added to the water under circumstances controlled by 
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the user, except 
plumbing caused 
definition. 

those resulting from corrosion of piping and 
by water quality, are excluded from this 

Stoddard Solvent = (per the Merch Index, 10th Edition, item number 
8676) White spirits. A petroleum distillate. Liquid. 
Distillation range: Not less tnan SO percent at 350°F, dry end 
point not above 410°F. Flash point lOO-llO°F. Insol in water. 
Miscible with abs alcohol, benzene, ether, chloroform, carbon 
tetrachloride, carbon disulfide, and oils except castor oil. 

Use: In dry cleaning, as solvent. 

Petroleum distillates contain no chlorinated solvents. 
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APPENDIX A 

CHRONOLOGICAL SUMMARY OF CONSTITUENTS DETECTED IN AT. 
LEAST ONE SAMPLE FROM. NIROP WATER CHEMICAL ANALYSES 



• • 
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Apr 8C I Copper. lohl I 0.019 I 0.056 I 0.011 I 0.060 I 0.029 I 0.019 I 0.026 0.053 0.031 0.041 I 0.056 I 
Apr 01 I Elhylbfnltnt I I 0.010 I ( 0.010 I ( 0.010 I I 0.010 I ( 0.010 I ( 0.010 I 0.029 I ( 0.010 I (0.010 0.010 I ( 0.010 I 
Apr'SI 1 lud. lohl I 0.014 I 0.019 I 0.110 I 0.018 I 0.001 I 0.015 I 0.010 I 0.011 I 0.016 0.019 I 0.011 I 
Apr-BII","qinm,Iolll I I I I I I I I I I 
Apr 81 : "mury. 10111 I ( 0.0001 I ( 0.0001 I ( 0.0001 I ( 0,0015 I ( 0.0001 0,0008 I o.om I ( 0.0004 I ( 0.0004 0.0001 I 0.0004 
Apr-BI I ",Ihyltn. eMond. I ( 0.010 I ( 0.010 I 0.022 I ( 0.010 I 0.010 0.021 I 0.064 I I 0.010 I 0.11 ( 0.010 I 0.013 
Apr-BI I Nltl." 10111 I 0.071 I 0.031 0.008 I 0.1011 o.m O.OOS I o.on I 0.01 I o.olS 0.0111 0.006 
Apr -BI I PCB 12'2 I ( 0.0002 I ( 0.0002 I ( 0.0002 I ( 0.0001 I (0.0002 I 0.0002 I I 0.0002 I ( 0.0001 I (0.0002 (0.0002 I ( 0.0002 
Apr-BI : PCO 1219 I ( 0.0002 I ( 0.0002 I ( 0.0002 I ( 0.0002 I (0.0002 (0.0001 I ( 0.0002 I ( 0.0002 I 0.0004 (0.0002 I ( 0.0002 
Apr-Ol I pee 1251 I ( 0.0002 I ( 0.0002 I ( 0.0002 I ( 0.0002 I (0_0002 (0.0002 I ( 0.0002 I ( 0.0002 I (0.0002 (0.0002 I ( 0.0002 
Apr-SI 1 PCB mo I (0.00021 (0.0002 I (0.0002 I (0.00021 (0.0002 (0.0002 I (0.0002 I (0.0002 I (0,0002 (0.00021 (0.0002 
Apr-BI lSI"", 10101 I I 0.001 I ( 0.001 I ( 0.001 I ( 0.001 I (0.001 (0.001 I ( 0.001 I ( 0.001 I (0.001 0.001 I ( 0.001 
Apr ·BI I hlmhlor,lhen. I ( 0.010 I ( 0.010 I ( 0.010 I ( 0.010 I ( 0.010 ( 0.010 I 0.013 I ( 0.010 I ( 0.010 ( 0.010 I < 0.010 
Apt-81 : IOC I 9.1 I 2.1 I 9.9 I IS I 7.1 3.0 I 15.2 I 1.7 I S.2 9.1 I 1.0 
Apr -BI I lolul.. I ( 0.010 I ( 0.010 I ( 0.010 I ( 0.010 I (0.010 0.010 I I 0.010 I ( 0.010 I (0.010 0.010 I ( 0.010 
Apt -91 I lrans 1.2-Dithlorotlhm I ( 0.010 I ( 0.010 I ( 0.010 I ( 0.010 I (0.010 0.010 I 0.076 I ( 0.010 I (0.010 0.010 I ( 0.010 

( lOOns nol d.\r,trd usln9 d.hclion lull shoo.1 P ,uns ,lfs.nl bul hloo d.hctio. Ihltl IS I"ns inoullid.nl IIlpl. hVI I 

I 
( 0.0001 I 
(0.00011 
( 0.0001 I 
(0.00011 
( 0.0011 
( 0.010 I 

619.01 
0.010 I 
0.0101 

( 0.0101 
0.406 I 
0.010 I 
0.0101 
0.0101 
0.0051 

( 0.010 I 
0.0161 

0.0017 I 
( 0.0101 

0.006 I 
0.010 I 
0.018 I 
0.0101 
0.0081 

I 
( 0.0001 I 
( 0.010 I 

O.OIB I 
1(0.00021 
I 10.0002 I 
I ( 0.0002 I 
I ( 0.0002 I 
I( 0.0011 
I( 0.0101 
I 13.51 
I ( 0.010 I 
I ( 0.010 I 

I 0.0111 
I( 0.0101 
I( 0.0101 
I I 
IP 0.0101 
I I 
I 0.00621 
I( 0.0101 
I 0.0101 
I I 

0.OB2 I 
( 0.0101 

0.1121 
6.51 

( 0.010 

(0.0001 
(0.0001 
(0.0001 
(0.0001 
( 0.001 

IP 0.010 
I 11.6 
110.010 
I o.OCI 
I I.B 
I 1.311 
I 0.098 
I ( 0.010 
I( 0.010 

( 0.005 
( 0.010 

0.72 
0.0011 

( 0.010 
0."11 
0.15 
o.m 
0.010 
0.022 I 

I 
0.00091 

( 0.0101 
0.018 I 

(0.00021 
(0.00021 
(0.00021 
(0.00021 
( 0.0011 

0.042 I 
\3.21 

I( 0.0101 
I 0.151 

'I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
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• • 
ChronoloqHOI Su ... ry Df [o.ulllu.nll O.hchd In al l.1I1 Ont Suplt Fro. NI~OP Gr.und Ylltr thuital A"I, ... 1'9111 1251.01 

I I-S I H I Ht I H I 2-D I He I H I H I 3-Pt I 4-5 I 4-0 I HC I 5-S I 5·' I 6-S I 6-D I 1-S 
~~ ~ ~ --~ -~~ ~-- ~ .. -. -" ............................................................ --------- .. ---- --_ .. _----- .... _-_ .... __ ..... _..................... ....................................................................................................................... -.. ----------_ .. _---_ ... __ ........................ ... ........................................ -"' ....................... .. 
Apr·94 I Tmhlor.tlhm I( 0.0101( 
Apr-B4llm,lolll I 0.411 
Ocl'8111.I.HrichlororlhlOf I( O.OIOI( 
Oel-81 I 1,I-OlChl.ro.lhm 1 ( 0.010 I ( 
OtlB411.1-Ouhloro.lhm I( O.OIDI( 
Del BI I An,.IC. Tolal I 

0.010 
1.15 

0.010 
0.010 
0.010 

Oe18410mfn. I ( 0.010 I ( 0.010 
Oe\-84 1 Dul2.lhvlhPlyllPhlhllalPl 0.002 I ( 0.002 
Detal led ..... IDlal I I 
Del BI I [hlorolorl I ( 0.010 t ( 0.010 

( 0.010 I 
D.lBII 
0.010 I P 
0.010 I ( 
0.0101( 

I 
0.010 I < 
0.012 ( 

0.069 I (0.010 0.011 I 5.0 I 0.023 I 0.091 I ( 
0.155 I 0.912 1.41 r 0.511 1.681 1.131 
0.010 I (0.010 0.010 I ( 0.010 I ( 0.010 I ( 0.010 I P 
0.010 I (0.010 0.010 I ( 0.010 I ( 0.010 I ( 0.010 I ( 
0.010 I (0.010 0.010 : ( 0.010 I ( 0.010 I ( 0.010 I ( 

I I I I I 

0.010 I ( 0.010 
1.141 3.1l 

0.0101( 0.010 
0.010 I ( 0.010 
0.010 I ( 0.010 

I 
0.010 I ( 0.010 ( 0.010 I ( 0.010 I ( 0.010 I ( 0.010 I ( 0.010 I ( 0.010 
0.002 I 0.003 0.005 I 0.008 I 0.004 0.008 I O.OOl I 0.004 

I I I 1 
0.010 ( 0.010 I ( 0.010 ( 0.010 I ( 0.010 I ( 0.010 ( 0.010 I ( 0.010 I ( 0.010 

I I I I I 
0.010 ( 0.010 ( 0.010 I (0.010 0.024 r 0.091 I (0.010 0.010 I ( 0.010 I ( 0.010 

Jkl 94 I [hro'lu" lola I I I 
Oel-SI I CIS 1,2-0IChloro.lh.no I ( 0.010 I ( 

I I I I I I I 
0.010 ( 0.010 ( 0.010 I ( 0.010 I ( 0.010 I P 0.010 I (0.010 0.010 I ( 0.010 I ( 0.010 I 
0.0Il 0.090 0.\19 I 0.011 I 0.029 I 0.063 I 0.018 0.035 I 0.OS8 I 0.032 I 
0.095 0.775 I.B9 I 0.369 I 0.203 I 2.12 I 0.100 0,109 I 0.410 I 0.231 I 

I I I I I I I 

Ocl,QlltoPOtf.lotal I I 
Del 91 I Ethvlb!hlm I ( 0.010 I ( 
OeHIllud.lohl I 0.0911 
Ocl·84 I Kanglnm, 1.111 I 3.681 
Ocl-94lKercury,IolIl I I 

0.029 I P 0.010 I 0.20 I 0.1l I P 0.010 0.012 I 0.014 I 0.'1 I 
I I I I I I I 

Oel·B4 I "tlhvlen, Chlorldf I ( 0.010 I 0.062 0.010 
Ocl-S4 I Nlclfl. lola I I I 
Det-91 I Pte 1212 I 0.0005 I 0.0002 
0,1-81 I PCB I2IB (0.00021 (0.0002 
Oel-BI 1 PCB 1254 ( 0.0002 I ( 0.0002 
OtHI I fC8 1260 ( 0.0002 I ( 0.0002 
Oel81 ISII""10111 I 
OtH! I I.lrlChlOl'tlhPnf ( 0.010 I ( 0.010 
Oet·S4 1 ID[ I 

0.0003 I ( 0.0002 1 ( 0.0002 I MOOS I ( 0.0002 I 0.0002 I 0.0001 I 0.0002 I ( 0.0002 I 
( 0.0002 I ( 0.0002 I (0.0002 (0.0002 I ( 0.0002 I ( 0.0002 I 0.0002 I ( 0.0002 I ( 0.0002 
( 0.0002 I ( 0.0002 I (0.0002 (0.0002 I ( 0.0002 I ( 0.0002 I ( 0.0002 I ( 0.0002 I ( 0.0002 
( 0.0002 I ( 0.0002 I (0.0002 (0.0002 I ( 0.0002 I ( 0.0002 I ( 0.0002 I ( 0.0002 I ( 0.0011 

I I I I I I I 
0.010 I ( 0.010 I ( 0.010 ( 0.010 I P 0.010 I ( 0.010 I ( 0.010 I ( 0.010 I ( 0.010 

I I I I I I 
Dcl-B4 I 10lum 0.0101 P 0.010 0.010 I ( 0.010 I ( 0.010 P 0.010 I P 0.010 I ( 0.010 I ( 0.010 I P 0.010 I P 0.010 

0.010 0.010 I ( 0.010 I ( 0.010 ( 0.010 I O.OBI I ( 0.010 I ( 0.010 I ( 0.010 I ( 0.010 
0.010 0.010 I 0.061 I' 0.010 0.014 I 1.3 I O.OIlI' 0.010 I ( 0.010 I ( 0.010 

Oel-SI I I"n5I,2-0IChlomlhm 0.0101 ( 
Otl-SII'mhloroflhfn, O.OIOI( 
Oe1-91 I line. lohl US I t.l5 1.311 3.14 I 0.419 0.743 I 3.39 I 0.951 I 0.125 I 6.20 I 0.995 
Jan-951',I.l-Irichloro.lhlnf O.OOSI< 0.005 ( 0.005 I P 0.005 I (0.005 0.005 I ( 0.005 I ( 0.005 I ( 0.005 I ( 0.005 I ( 0.005 

0.005 ( 0.005 I ( 0.005 I (0.005 0.005 1 ( 0.005 I ( 0.005 I ( 0.005 I ( 0.005 1 ( 0.005 
0.005 I ( 0.005 1 ( 0.005 I (0.005 0.005 '( 0.005 I ( 0.005 I ( O.O~ I ( O.OOS I ( 0.005 I 

I I I I I 1 

J .. -85II,I-OlChloroethm 0.0051 ( 
Jln 85 I 1,t-nlChloroothenr 0.005 I ( 
Jlh-SSIArmlC.lohl I 
Jan-B5 I Bente"' P 0.005 I P 0.005 P 0.005 I' 0.005 I (0.005 0.023 P 0.005 P 0.005 I r 0.005 I 0.0061 I P 0.005 I 

0.00001 I (0.00001 I (0.00001 ,(0.00001 (0.00001 (0.00001 I (0.00001 I (0.00001 I (0.00001 I 
I I I I I I I 

Jan-BS I BisI7.thvlht'VIlPhlhdah, (0,00001 1(0.00001 
Jan-951 Cadilul. lold I I 

0.005 I ( 0.005 I ( 0.005 I (0.005 (0.005 o.m I ( 0.005 I ( 0.005 I ( 0.005 I 
I I I I I I 1 

Jan·SS 1 ChlDrolon I ( 0.005 I ( 0.005 
Jan-B5IChroliu •• IDIiI I I 
Jan-951 Cis 1,2-0IChlorotth!n. I I I I I I I I 
JI.-BS; CoPPer. 10hl I I I I I I I I I 
Jan·951 Hh.lbfnnne I ( 0.005 I ( 0.005 ( 0.005 I ( 0.005 I ( 0,005 I (0.005 (0.005 0,005 I ( 0.005 I ( 0.005 I ( 0.005 I 
Jan·aS I lPld. lohl 
Jan-BSIKanganfSf,Told 
Jan-BSIKPlCury.lolal 
l,n·85 I K,thylm ChlDrldt 
J,n·851 Hiehl, lola I 
Jan-8~ I PCB 1111 
Jln-95IPtB1710 
Jln·9S I PCB 1254 
Jln-S5lmmO 
JanBSISllvl'.Tolli 
Jln-B5 I hl'jchlottlh.nt 
Jan-SSIIOC 

0.0311 0.0Il 0.059 I 0.09ll 0.010 I 0.011 0.035 0.0211 o,m I 0.020 I 0.0181 
1.16 I 0.064 0.705 I 1.10 I 0.311 I o.m I 1.72 O.OBS I 0.102 I o.m I O.l!l I 

I I I I I I I I I 
0.10 I 0.11 I P O.OOS I P 0.005 I 0.83 I 0.012 I 0.0061 I ( 0.0005 I 0.0065 I o.m I P 0.0005 I 

I I I I I I I I I I I I 
I ( 0.0002 I ( 0.0002 I ( 0.0002 I ( 0.0002 I ( 0.0002 I ( 0.0002 I ( 0.0002 I ( 0.0002 I ( 0.0002 I ( 0.0002 I ( 0.0002 I 
I ( 0.0002 I ( 0.0002 I ( 0.0002 I ( 0.0002 I ( 0.0002 I ( 0.0002 I ( 0.0002 I ( 0.0002 I ( 0.0002 I ( 0.0002 I ( 0.0002 I 
I ( 0.0002 I 0.0005 I 0.0003 I 0.0011 I 0.0002 I 0.0005 I 0.0001 I O.OOOS I o.oOOl I 0.0004 I ( 0.0002 I 
1(0.00021(0.00021(0.00021(0.00021(0.00021(0.00021(0.00021(0.00021(0.00021(0.00021(0.00021 
I I I I I I I I I I I I 
I( 0.0051 ( O.OOSI( O.OOSI( O.OOSI( 0.0051( O.OOSI( O.OOSI( O.OOSI( 0.0051 ( 0.0051( 0.0051 
I I I I I I I I I I I I 

( mnS not delected usina de"cl!on litll shown: P mn! prmnt but b.lo. dehctlon Ihlll IS Iflhl insullitient mph Pag! 2 

I( 0.0101 
I 0.1511 
I( 0.0101 
I( 0.0101 
I ( 0.010 I 
I I 
I( 0.0101 
I 0.011 
I 
I( 0.010 
I 
I ( 0.010 
I 
I( 0.010 
I 0.011 
I 2.1I 
I 
I 0.029 
I 
I 0.0001 I 

( 0.0002 I 
(0,00021 
( 0.0002 I 

I 
0.0101 

I 
0.010 I 
0.010 I 
0.010 I 
0.1811 
0.005 I 
0.005 I 
0.005 I 

I 
o.oml 

(0.00001 I 
I 

0.00'1 
I 
I 
I 

( 0.0051 
0.022 I 
S.96 I 

I 
0.011 I 

I I 
I ( 0.0002 I 
I ( 0.0002 I 
I 0.00021 
I ( 0.0002 I 
I I 
I ( 0.005 I 
I I 

0.94 I 
I.lli 

0.0691 
0.010 I 
0.0101 

I 
( 0.0101 

0.0051 
I 

( 0.0101 
I 

0.0171 
I 

0.010 I 
0.2211 
2.311 

I 
0.070 I 

I 
0.0002 I 

(0.00021 
(0.0002 
(0.0002 

0.018 

0.010 
0.17 
O.B! 
26.6 

( 0.005 
( 0,005 

I ( 0.005 
I I 
I 0.010 I 
1(0.000011 
I I 
I ( 0.005 I 
I I 
I I 
I I 
I( 0.0051 
I o.ml 
I 1.161 
I f 
I o.ml 
I I 
1(0.00021 
1(0.00021 
1(0.00021 
1(0.00021 
I I 
I( 0.0051 
I I 
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• • 
thra •• laQu.1 Sumrya' CDnsilltulnts D,\tctd in II Lnsl OnrS.lplrF,olNIRDP6,DundWlh, Ch .. iul Anilyns (Iqlll 12S4.01 

Datr i Parauter I I-S 11-0 I He I '-5 I 2-D 12-PC 13-S 13-D IHC II-S II-D I HC t 5'S t 5·Q t 6·S 16·0 II-S 
.~_~~~~_~w~ __ ..... ~ .............. ______ .. __ .. _ .... __ .. _ .............. ______ .......................................................... _________ ........................................................... -........ -............................................................. -----................................ .- ......... ---............. -.... ----.... "' ........................... -.......... .. 
J.n D~ 1 loluen. 1 P 0.005 I 0.0099 I 0.011 I P 0.005 I P 0.005 I 0.020 I P 0.00$ I 0.0012 I 0.011 I ( 0.005 I 0.0061 I I ( 0.005 I I ( 0.005 I 
Jan 9~ I " ... I,HitMolO,thm I ( 0.005 I ( 0.005 I ( 0.005 I ( 0.005 I ( 0.005 I ( 0.005 1 0.17 I ( 0.005 I ( 0.005 I ( 0.005 I ( 0.005 I I ( 0.005 I I ( 0.005 I 
J,n·851 Irlchloroethen. I( 0.0051 ( O.OOSI( O.OO~I O.O&OIP 0.0051 0.0111 O.UI O.OIlIP G.OOSI( O.OOSI( o.ml I( 0.0051 I( 0.0051 
J.n.85: hnc, lotat 0.516 I 9.1~ I 1.02 I 0.£91 I '.OJ I ~.m I 1.10 I 2.U I 0.691 I 1.31 I 1.14 I I o.m I I 7.01 I 
Jun'DSII.I.I-inchlomthlnf I( O.OOSI( O.OOSI( 0.0051 O.OOSDI( O.OOSI( D.OOSI( 0.0051( O.OOSI( O.OOSI( 0.0051( O.OOSI( 0.0051 ( O.OOSI( 0.0051 o.ml( 
Jun-05 1 I,I·Dllhlor.elhan. I ( 0.005 I ( O.OO~ I ( 0.005 I ( 0.005 I ( 0.005 1 ( 0.005 1 ( 0.005 r ( O.OO~ I ( O.OOS I ( 0.005 I ( 0.005 I ( 0.005 I < 0.005 I < 0.005 I ( MOS I ( 
Jun-OS : I.I-Dllhiaroethen. r ( O.OOS I ( 0.005 I ( 0.005 1 ( 0.005 I ( 0.005 I ( 0.005 I ( 0.005 I ( 0.005 I ( 0.005 I ( 0.005 I ( 0.005 I ( 0.005 I e 0.005 I ( 0.005 I ( O.OO~ I ( 

I 
I 

O.OOSI< 0.005 
0.0051 ( 0.0<15 
O.M51( 0.005 

Jun05IAr!.nic.IDtal I I I I I I I I I I I I I 
Jun.aS:De'I... I ( O.OOSI( O.OOSI( O.OOSI! O.OOSI( O.OOSI( O.OOSI( O.OOSI( MOSI( O.OOsl( O.OOSI( O.OOSI( 0.0051 ( o.ooSle O.OOSle O.OOSI( O.OOSI( 0.005 
Ju.·95I BIS(]flhythrlyIlPhlhlhhl ( 0.0051 ( 0.005 I (0.000011 0.00381 0.00321 (0.00001 I D.00!61 0.00191 0.00131 0.00471 0.0030 I 0.0059 I 0.00261 0.00361 0.000621 O.OOlO I 0.00091 
Jun.OS: [.dl,uI. lold I I I I I I I I I I I I I I I I I 
JunB5:Chlo,.lorl 10.00111 o.oml( 0.00$1 ( O.OOSI( 0.0051( O.OOSI( 0.0051( D.00S1( O.OOSI( 0.0051,,( 0.0051( 0.0051 ( O.OOSI( O.OOSI( 0.0051< O.OOSI( 0.0051 
Juo-9SIChrollUl,IDld I I I I I I I I I I I \ I I I I 
Jun'QSI C"I,HIChloro.lhtn, I \ I \ I I I I I I I I I I I I \ 1 
Jdn·B51 topper,TDIaI I I I I I I I I I I I I I I I I 
Jun.8SIElhylbrnm. \( O.OOSI( O.OOSI( O.OOSI( O.OOSI( O.OO~I( O.ODSI( D.OOSI( 0.0051( O.OOSI( O.OOSI( MOSI( O.OOSI( D.OO' I ( O.OOSI( O.oOSI( o.OOSI< o.ml 
Jun 95: lpad.lolal 0.010 I 0.051\ O.oIB I 0.2931 0.0131 0.Ol91 0.0261 0.04SI 0.0111 0.0841 0.0291 0.0261 0.022 1 0.166 I 0.294 1 0.0161 0.009 
Jun-BS : "anglnm, lohl 1.15 I 0.065 I O.BIII 6.90 I 0.516 1 0.\39 I 3.16 I 0.091 I 0.139 I I.BI I 0.091 I 0.414 I 4.09 I 0.312 I 4.29 I 0.l61 I 27.50 
Jun-B5IMmur,.IDhl I I I I I I I I I I I I 1 I I I 
Jun-OS I "plh~lenf Chlortdf I ( 0.005 I ( 0.005 I 0.16 I 0.0051 I ( 0.005 I ( 0.005 I 0.015 I ( 0.005 I ( 6.005 I ( 0.005 I ( 0.&05 I 0.019 I ( 0.005 I ( 0.005 I ( 0.005 I ( 0.005 I ( 0.005 
Jun'8SINICIeI.10Iai I I I I I I I I I I I I I I I I 
Jun·B5 I Pt8 1142 1(0.00021(0.00021(0.00021(0.00021(0.0002 (0.00021(0.00021(0.00021(0.00071(0.00021(0.00021(0.00021(0.00021(0.00021(0.00021(0.00021(0.0002 
Jun'85 IPC9 11IB 1(0.00021(0.00021(0.00021(0.00021(0.0002 (0.00021(0.00021(0.00021(0.00021(0.00021(0.00021(0.00021(0.00021(0.00021(0.00021(0.00021(0.0002 
Jun-9S I PCB 1151 1(0.00071(0.00021(0.00021(0.00021(0.0002 (0.00021(0.00071(0.OO021(0.00071(0.00021(0.00021(0.00021(0.00021(0.00021(0.0002\(0.00021(0.0002 
Jun-B5tm)2b0 1(0.00021(0.00021(0.00021(0.00021(0.0002 (0.00011(0.00021(0.00021(0.00021(0.00021(0.00021(0.00021(0.00021(0.00021(0.00021(0.00071(0.0002 
Jun·8S I S,Iv ... 10111 I I I I I 1 I I I I I I I I I I 
J.n as I lelmhlonthent I ( O.OO~ I < 0.005 I ( 0.005 I ( 0.065 I 1 0.005 (O.OOS I < 0.005 I! 0.005 I ( 0.005 I! o.oo~ t ( 0.005 I I 6.005 I ( D.ODS I ( 0.005 I 0.045 I ( 0.005 I ( 0.005 
Jun.D5! IOC I I I 1 I I I 
Juo-0511olu,n. I( O.OOSI( O.oOSI( D.OOSI( O.OOSI( 0.005 ! O.OOSI! O.OOSI( 0.0051 O.OO!SI! 0.0051( 0.0051 0.01l1( 0.00511 0.00511 D.00S1( Unl( 0.0051 
JunBSI llInl 1,2-Dlchio,o.lhenf I ( 0.0051( O.OOSI( 0.005!( 0.0051( 0.005 (0.0051 0.0911( 0.0051 ( D.0051( D.OOSI( 0.0051 ( O.OOSI( O.DOSI( 0.0051 O.09lI( 0.0051( 0.0051 
JunBS!lrichiQrotlh... I( 0.0051 ( D.DOSI( 0.005\ o.onl 0.005 0.00B71 0.621 0.011 ( D.OOSI! 0.0051 ( O.OOSI( 0.0051 ( D.OOSI! 0.0051 0.621 0.0061 O.ISI 
Jun.O':llnc.I.tll I 0.2561 2.511 0.2Jl1 l.S71 1.17 0.1Il1 l.lll 1.58 0.1361 3.1ll 0.1611 1.341 0.4191 6.02 l.131 UOI 1.1£1 
Jln-861',I.Hrachlaraplhanf I I I I I I I I I I I I I 0.00651 
Jan.8611.I.DlChiDIDtlhm I I I I I I I I I I I I( D.OOSI 
Jato-96 1 1,I-ouhIDroplhenr I I I I I I I I I I I ( O.OO~! 
Jan.Ob: Arum, Tolll I I I I t I I I I I I 
JIr0-86I Bmm I I I I I I I I( 0.0051 
J,n D6 1 Di.12.thvlh .. yllPhthlhltl I I I I I I I I I 
Jan-B6:Cldllul.lolli I I I ! I I I I I I 
Ja.06:thloroI0ll I I I I I I I I( 0.005\ 
J.n-B~ I ChrollUi. 10tll I I I I I I I 
Jlro-S6ICIII.2'Ouhloroflhpn, I I I I ! I 
Jon-B~: CDPPtr. lolal I I I I I I 
Jin 86 1 £th~lbeo!fnt I I I I I ( 0.005' 
J,n.06Ilud.Tolal I I I I I 0.1071 
Jan'B61"anqlnm,Iohl I I I I I 9.301 
Jao.D6 I "PrCury. lohl I I I I I I 
Jln·96 1 "_thylon. Chlolld, I I I I I ( 0.0051 
lIn-a6: Nlchl.lolal I I I I I I 
Jan-86 I PC8 1212 I I I I 1(0.00021 
J,nD61fCB1240 I I I I 1(0.00021 
l.n.96 : fCB Il~4 t I I I I ( 0.0001 I 
Jlh-86 1 PCB 1260 I I 1 I 1(0.00021 
Jan 96 I Slim, told I I I I I I 

( oun, not IPI@chd uung dfltctlon Ihil Ihownt P Inns prmnt but brio. dfhcllDn lilitl IS ann I in5ufllclfnl 'lipl. Plgr 3 71·Apr-01 



• • 
[hronolog.ul Sumrv of CO'6111tupnh D.I.chd In Ilt.1I1 On. Suph Frol NIROP Ground V.hr Chulul A.a1Y5n 1'9111 1251.01 

0,1. i Pa,n.I,r I H 11-0 I \-PC I H 12-D I HC I H 13-D I He I H I H I HC I H I H I H 16-D 11-5 
~ ~ ~~ ~ww~ ~ ~ W~ W~ ~ ~ .. __ w .... __ .... w ...... ~~ "M" ................ - .... "'- .. - ~- .. ------ .. --------- ---------.. --_ ...................... - ......... __ ............................ - .............. - .......................................... --....... -- .. - .... ---------- -----------------------...... .. ----- .. ---------- ....... -- ............... .. 

J,n-B61Ielra,hlor.lhen. I I I I( O.OO~ I 

Jln-Bblloe I I I I I 

hn-B!: loluen. I I I I( 0.0051 

Jan-Bb: lrans \.2-DHhID'O.lhlnl: I I I I! 0.0051 

J,n-Bb: Irichlo,o,lh.ne I I I I O.1lI1 

J.r.-86I/1nc.lol.1 I I I I 3.2$1 

Apr-B6il.I.Hmhlo,oelhlnr I( 0.0051 I( 0.0051 I 

Ap,-9611.IUHhiomlhm I( 0.00$1 1< 0.0051 

AprBbll,I-Dtthloro.lh.ne I( 0.0051 I( 0.0051 

~pr-96 I ArSfnlC. lohl I I I I 

Apt-B6I B.nrent I( 0.0051 I! 0.0051 

Apr-B6IDIS11.thvlhervIl Phlhalll.1 I I I I 

Apr'B6 I Cadl.u •• lotal I I I I I I' 
Ap,-86IChlo,ololl I( 0.0051 I( 0,0051 I 

Apr-S6IChro ..... !01l1 I I I I I 

Apr-Sb: Cil 1,2-D.chloro.lhonr I I I I I 

Apr-SbICoPP·,.!ol" I I I I 

Apr-Obi Ethylb.nnn. I( 0.0051 I( 0.0051 

Ap"86I lrad.lolal I 0,0611 I 0,1ll 

Ap,-Db I Klngan.s., lohl I 0.ll91 I 0.503 

Ap,-9b:Kmu".Iolli I I I 

Ap,·9b: ",thtlt .. Chlorid! I( 0.0051 I( 0.005 

Apr·Db I MHlft. Total I I I 

Apdb I PCB 1242 1(0.00011 1(0.0002 

Apr-96 IPU 124e I ( 0.0002 I 1(0.0002 

Apr·8bIPCBI2S1 1 ( 0.0001 I 1(0.0002 

Apr-Ob: PC811M I I I ( 0.0002 I I ( 0.0001 

Ap,-86:Sllm.lotal I I I I I I 
Apr -Ob I 1~ltlchlor~lhen! I I I I( 0.0051 I( 0.005 

Apr-061lge I I I I I I 
Apr-BbI lol.,n, I I I I( 0.0051 I! 0.005 

Apr-Db I 1'lnI1.2·Dllhloro.lhPftl: I I I I I ( 0.005 I I( 0.005 

Apt-B61Imhloro,lher,p I I I I I I( o.ml I 0.0067 

Apt-B6l/1nc, 10111 I I I I I I I I 4.011 I 5.57 

Noy-Bb:I,I.H'lchloro.lhane I( 0.005 o.on 0.005 I ( 0.005 ( 0.005 ( O.OOSI( 0.005 ( 0.005 I ( 0,005 I ( 0.005 0.D051( 0.005 D.0051( 0.0051 o.nl( 0,005 0.0051 
Hoy-8611,Hllhloro.thm 1< 0.005 0.005 0.005 I ( 0.00$ ( 0.005 ( 0.0051 ( 0.005 ( 0.005 I ( 0,005 I ( 0.005 D.0051( 0.005 0.0051( 0.0051 O.onl( 0.005 ( 0.005 

Noy-Bbl t,\-Dllhloroplhen. I( 0.005 0.005 O.OOSI( 0.005 ( 0.005 ( D.OOSI( 0.005 ( 0.005 I ( 0.0051( 0.005 0.005 I ( 0.005 0.005 ( 0.0051 ( 0.0051 ( 0.005 ( 0.005 

No. 06 I 2'Bullnonl 1< 0.010 0.010 0.010 I ( 0.0101 ( 0.010 ( 0.0101( 0.010 ( 0.010 I ( 0.010 I ( 0.010 0.0101! 0.010 0.010 ( 0.010 I ( 0,0101 ( 0.010 ( 0.010 

N.Y"8b:AII.linily I m 131 1141 569 269 B.51 401 3021 7391 m 2591 m m 3831 4561 260 513 
No,-BbIArunir,Om. I( 0.005 ( 0.005 ( 0.005 I ( 0.005 ( 0.005 0.005 I ( 0.005 0.005 I ( O.OOSI( 0.005 ( 0,005 I ( 0.005 0.005 O.OOS ( 0.005 I ( 0.005 ( 0.005 

Hodb: Arum. 10111 I I( 0.005 I I I I 
Hol'96I BarlU •• Om O.COO 0.040 0.119 0.105 0.075 0.051 I 0.165 0.014 0.0]4 I 0.059 0,0991 0.091 0.061 0.090 o,on I 0.0921 O.ObO 

Nod6:91rlul.lolli I I 0.090 I I I I 
NOY'86I hnl.nt I( 0.005 ( 0.0051 ( 0.005 0.005 0.005 0.005 I ( 0.005 0.005 0.005 I ( O.OOS ( 0.005 I ( 0.005 0.005 0.005 0.0051 ( 0.0051 ( 0.005 
HD,-96IDIS12.lhvlhtlyIlPhlhillle: I I I I I I 
No,-9£:CId"'I,OISS. I ( 0.0001 0.00041 0.0009 0,0006 (0.0001 0,0005 I 0.0003 0,0004 0.00051 0.0006 0.0002 I 0.0005 0.0009 (0.0001 0.00011(0.00011 0.0000 

N • .-96ICld •• ul,lohl I I 0.00111 I I I I I 
Mo,·Db I Calclu •• DUI. 1011 86.01 91.5 Ib9 110 21.11 1511 115 1101 64.91 99.3 I 9D.4 IBI 1\7 IISI 1021 216 

No,-06 I talciu •• 10111 I I I 1691 I I I I I 
Nov-8blChioride 19.51 30.91 58.' 4.5 11.1 59.11 1.81 22.6 31,71 4.21 12.61 15,6 50.01 3.2 32.11 12.51 18.71 

Nov-81I thlarolor. I( O.OOSI( 0,0051( 0.005 0.005 ( 0.005 ( 0.005 I ( O.OOSI( 0.005 ( D.OOSI( 0.005 I I 0,0051 ( 0.005 0,005 I ( 0.005 D,0051( O.OO51( 0.0051 
No,·BbIChrOliul.OIII. I 0.005 I 0.0011 0.001 0.001 0.001 0.001 I 0.003 I 0.001 0.002 I 0.002 I O.OOll( 0.001 0.0021 0.002 0.001110.0011 0.0021 
N.,-BIIChro.iu.,lotal I I I I 0.0091 I I I I I I I 
Mo,-DbI Cul.2-DlChtorDtlh.n! I( 0.D05 I ( 0.005 I ( 0.D051( 0.005 0.005 0.005 I 0.291( 0.005 0.0051( O.OO'I( 0.0051( 0.005 O.OOSI( 0.005 0.'01 ( O.OOSI( 0.0051 

( mn! not d.hcltd U\In~ drhction 111.1 sholflll P Ill", prmnt but belo~ drhcllon 1I11t1 IS mos insulflcifnt SlIplt Pigl 4 



• • 
thrDnDloqlul Su ... ry 01 Consilll,rots D,hchd in II LU$I \bI, Slipl. F,ot HIRUP Ground Wattr (huilll Analy .. ' '"g/ll 1254.01 

D~h : P,,,".t.r II-S II-D I I-PC 12-S 12-D I HC 13-S I l-O I He 14-S 14-D I HC 15-S I s-a 16-5 16-0 11-5 

Nov-86: COPPIT. Diss. 
Nov-S6 ICopp,r, Totll 
Nov-Bb: [th,lbrnun. 
Mov-Y6 Ilud. 0111. 
Nov-S6 Il .. d. Tohl 

0.001 1(0.0011 O.OO~ I 0.009 I (0.0011 MOll 0.0031 O.OObl 0.0031 
I I I I I I 0,0711 I I 

I( O.OOSI( O.OOSI( O.OOSI( O.OOSI( O.OOSI( O.OOSI( MOSI( 0.00511 O.OOSI( 
I( 0.00111 0.0011 0.0021 0.0011( 0.0011 0.0031 0.OD21( 0.0011 0.001 I! 

I I I I I I 0.1111 I I 
20.21 l8,' I 45.0 I 38.61 51.61 10.71 30.11 13.51 54.9 I 
1.071 0.0901 0.0lb1 0.1991 0.3921 0.0021 1.011 0.0761 0.0521 

I I I I I 1.561 I I 

0,0091( 
I 

MOSII 
MOII( 

I 
21.51 

0.0051 

0.0011 0.0021 O,OOll( 0.0011( 0.0011 0.0091 0.0031 
I I I I I I 

G.OOSI! O.OOSI( O.OOSI! O.OOSI( 0.0051( O.OOSI( 0.0051 
0.0011( 0.0011( O.OOII( 0.0011 0.0021 0.0031 0.0021 

I I I I I I I 
IB.II 15.91 41.51 61.41 39.11 47.61 21.11 

0.3621 0,2101 0.5931 0.1001 0.5611 0.3301 \.011 
I I I I I 

Ho,-96 I "~qn'''UI, Dus. 
Nov-06: "a'ganfs •• Din. 
Nov-S6 : ".ng~nf", lotd 
HDV-86 I Hmorr,Ohs. 1(0.0001110.00011(0.00041(0.0001110.00011(0.00011(0.00011(0.00011(0.00011(0.0001 ( 0.000' I ( 0.0001 I ( 0.0001 I ( 0.0004 I ! 0.0001 I ( 0.0001 I ( 0.0001 I 
Nov 96 I Kff[ury,Iotal 
Hov-06:ft,thYltn,ChlorU, 
Hov-96: NI[hl. 0"._ 
No, 06 I NHI.I, Inhl 
Nov-06INII"tr-NltroQIO 
Noy-06IPCBI2'2 
No,-06 I ml219 
Noy-06IPC81154 
_oy-B6IPCOI260 

1 I I I I I 1(0.00011 I I 
I O.OUI( 0.0051( 0.0051( O.OOSI( O.OOsl( O.OOsl( D.OOSII O.OOsl( O.OOSI( 0.005 
I 0.0091 0.0031( 0.001 I O.OOSI 0.0021 0.0011( 0.0011 O.OOll( 0.0011 0.009 
I I I I I I I 0.0181 f I 
I I I 0,2091 1.371 I 0.1601 1.111 I 0.0601 6.56 
I I I I I I I I 

I Iff 1 I I 
I I I I I I I I 
I I I I I I I I 

1.921 2.201 1.281 1.691 1.&1: lUI 3.951 2.201 '-A21 2.79 

I I I I I I 
0.0051 ( o.oOSI( O.0051( 0.0051 ( O.OOSI( o.ml( O.OOSI 
0.0011 O.Olll G.0121( 0.0011 0.0251 0.04]1 0.0721 

I I I I I I I 
I 0.1061 2.&61 I I 0.0361 1.291 
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 

tIll 3.521 4,671 7.111 4.001 7.1I1 2.B31 Noy-BbI PDlmlul.DlIs. 
Nov-B6: S.leniuI. Om. 
Hov-S6: S.lenl.l. 10101 
Ho,-86 I SII .. "0/1 •• 
Noy-86 1 Sllv,r, 10101 
Nov-B6ISodlul,Dm, 
Hov-86 I 501hl#! 
Ho,-B61Ielrlchloreth,,! 
No.-86:IOC 

I ( 0.005: ( 0.005 I ( 0.005 I I 0.005 I ( 0.005 I ( 0.005 I ( 0.005 I I O.OO~ I ( 0.005 I ( 0.005 ( O.OOSI( 0.0051 ( 0.0051 ( O.OOSI( 0.005 ( 0.005 ( 0.0051 
I I I I I I( 0.0051 f I 

0.0051 MOll 0.0021 ( 0.001 I( O.OOII( 0.00111 0.0011( 0.001 I! 0.001 I! 
I I I I I I 0.0011 I I 

11.11 5.051 12.91 5.991 6.061 31.01 7.911 1.911 5.&91 
71.51 1291 96.01 56.11 IBII lID I 97.01 lOll 3011 

I( O.OOSI( o.oosle 0.0051 ( 0.0051 ( 0.0051 ( 0.0051 ( 0.0051( O,OOSI! 0.0051( 

Ho,-96 1 loluen. I( 
Mod611ransI.2-0Ilhloro.lh.ntl( 
Noy-B6 I Inchloro.lhtn, : ( 
Mn,-9611rirhlorofluorol.lhin. I( 
Nov-86: hnr, DIn, 
Nov-06 I h.e. 101,1 

I I I I I I I I I 
0.0051( D.0051( 0.0051 ( O.OOSI( O.OOSI! 0.0051 ( 0.0051! 0.0051( 0.0051( 
O.OOSI( 0.0051( 0.0051 ( O.OOSI( G.OOSI( 0.0051 0,2'1( G.OOSI( G.OOSI( 
O.OOSI( 0.0051( 0.0051 0.0651 0.00921 0.00531 0.881 D.0121( 0.0051 
0.0051 ( O.OOSI( o.o051( 0.0051( 0.0051 a.OOnll O.OOSI( O.0051( 0.0051 ( 
O.IllI 1.251 0.0681 0.8511 O.6&OI( 0.0301 O.WI 0.8121 0.3S11 

I I I 1,521 I I 

( mR! nol delerled uSing drlerUon litit 5ho~~1 P I'm prmnt bul hlow dehdion IItlll IS mns insuffithnl IIlpl. Pig. 5 

O.OOll( 
I 

11.51 
45,21 

O.OOSI( 
I 

0.0051( 
0.0051< 
0.0I91( 
0.0051 ( 
O.UlI 

I 

I I I I 
O.ODII( 0.0011( 0.0011 a.OOll( 

I I I I 
1l.51 10.71 18.01 1.S71 
Il81 85.91 1921 1841 

0.0051( O.OOSI( G.OOSI( 0.0051 
I I I I 

0.0051( 0.0051( O.OOSI( O.OOSI( 
O.ODSI( o.oOSI( U051( 0.0051 
O.OOSI( D.OOSI( 0.Q051( 0.0051 
0.0051( 0.0051 ( O.OOSI! O.OOSI( 
0.1921 0.0961 0.6011 0.6871 

I I I II 

0.001 (0.001 (0.0011. 
I 

26.0 15.0 6.771 
112 176 1181 

0.20 ( 0.005 ( 0.005 I 

0.005 o.m 0.0051 
0.59 O.POS 0.0051 
3.8 0.011 0.111 

0.005 ( 0.005 ( 0.0051 
0,909 o.ml 1.051 

I I 

21-Apr-81 



• • 
[hronolo!".1 ,uoury 01 ConSilltu.nts Q,tfctrd In .t lusl On. S.lpl. F,ot NI~Df Ground ~11.r ChnlCll .nahs,s IlgllI 1.5\.01 

Dal,lp,,. •• I,r i 10 i a.s 19-0 19-9 19-D 110-9 111-9 112"5 113-5 111-5 115-5 116-5 117-S 118-5 'IH '20-S I F"C-33 I 

Ocl-al:I.I.Hrlchloro.lhlnt 
OclBl: 1.l-DlChioroelh.n. 
OrJ.QIII.I-OlChlomlh,nr 
Otl OJ: Arnnlc. 1.101 
Otl 0,: hounl 
Oct-!l: Olslle!h,lh •• yIIPhlhlhhl 
Od·BJ: t,d.IU'. 10111 
Ot!-BIIChloroIDri 
Del 91 I Chroml.lotal 
Ocl·Bll CIS L2-0ichloro.then. 
Ocl-Bl:Copp,r.lulal 
O,I-BlIE!htlbfnm. 
OcHl: lead. 10101 
Dt I ~ Bl : "ang.n ... , Tol II 
DtlBl: "mury.lahl 
Ocl-Bl:nrlhylmChlarld, 
Ocl-9lINItI.I,lolli 
Ocl-B3 I PCB 1111 
OtlBIIPCBIlIB 
Oel-BI:FC9It54 
0t\-B1IPCBI160 
Del Bl' S.I .. r. lohl 
Otl91/1elrlthlor.lhm 
Otl a3 I lOC 
Oc1-91110Iu, .. 
0,I-B31 l11n5 l.l-OieMoro.lhtne 1 
Ocl-B311richloratlh,n. 
OtHl I hnc. 10111 
Apr-BIII,1.Hmhlor.elhnt 
Apr-BII I.I-Dtchlomlhm 
Apr 91: 1.I-DHhloro.lh.nr 
Apr BI I ArsenIC,lohl 
Aot-aIIOm, •• 
Apr-B4:SisI2.lhylhmIlPhlhlllhl 
Apr-91IC.d1Iul,lolal I 
Apr·Bllthloro'ori I 
Apr-BIIChrollut,Iolal 
Apr~al I Cu 1.2-DlChioro.th ... 
Apr-BI: COPP", 10lal 
AprB4lEthylb.nme 
Apr-BI I L .. d.lohl 
Apr-Blln,nqanm,lohl 
Apt9"n.rcur"lolai 
Apr-Blln.lh,len,Chlorldr 
Apr'BI: Mldtl,lolIl 
AprBI:mllll 
Apr-OIIPr81118 
Apr-OIIPCBI251 
Aur-BI : PCB 1260 
Apr~94 I Slim. 10ld 
Apr-BII "lruhJorelhent 
Apr-QI I lOt 
AprQI:lolu.ne 
Apr-Ol I lransl,l-DlthlorD.lh.nt I 

( tms nol d.ltthd u!lng drlPtlion Ihlt shoMn, , luns ,"5.nt bul hl.M d,lteUDn Ihltl IS luns insufficient .uplt Plgi 6 

I( 0.0101 
I 0.0111 
I( 0.0101 
I 
I 0.0101 
I I 
I 0.001)1 
I( 0.0101 
I 0.0031 
I I 
1 0.0081 

0.211 
I 0.0111 
I 0.9571 
I I 
I( 0.0101 
I I 
1(0.00011 
1(0.00011 
1(0.00011 
1(0.00011 
I( 0_0501 
I 0.0141 
I 3.61 
I( 0.0101 
I 0.12: 
I 31.01 
I 4.091 
I( 0.0101 
I 0.0111 
I( 0.0101 
I ( O.OO~ I 
I( 0.0101 
I 0.0191 
I 0.00511 
I( 0.0101 
I 0.00" 
I 0.0% I 
I 0.0321 
I 0.0631 
I 0.0571 
I 
I 0.00121 
I( 0.0101 
I O.OOll 
1(0.00021 
1(0.00021 
1(0.00021 
1(0.00011 
I( 0.0011 
I ( 0.010 I 
I 4.51 
I( 0.0101 
I 0.0961 

21-Apr-87 



• • 
ChronoI09 1t • 1 SUI..,Y of Consillt •• nll D.hd.d In II lmt One Salph F,ol NIROP Ground V.h, ChellCal Analysts 1.0111 1254.01 

Dal. I Pa,n.lPr I 7-D I B-S I 9-0 I 9-S I H I 10-S I I1-S I \2-5 1 IH I II-S I 15-5 I 1609 I 11-5 I 18-S I 19-5 I 70-5 
~MMW~MMM" __ ""'_M"~_~"M_"~ ____ "_""_""_""'_"_""" ___ " ______ .... ~ ..... --.. -- .. ------ .. ------ ---- .. -- ............... - .. -----------................................. - ... - .. --............................ ,,, .. -- ............ ------......... --.................. - .... ------.................... - ...... ---...... --.. -------............ - .. ,,-- ... . 

Apr-allinchioro.th ••• 
Apl-SI: /Inc, lold 
Od-81: 1,I.Hmhlo,oelhm 
Ocl-91 I 1,!-DlChloro.th,n, 
Ocl-911I,I-Duhlotoelhen. 
Od-D4 I ArsenH.lotai 
Od-a4 I 8.nan. 
Ocl-BII DlsI?thvlh .. ylIPhihilahl 
Od-Dl: C,dIlUI, lohl I 
Oct-alI Chlo,olo,. 
Oc\-BI1Ch,0IlUI,lotal 
Ocl-DII CI<I,2-DHhlo,D.thPO, 
Ocl-DI1CopP",lohl 
Ocl Bl: Ethylb,n"na 
011-81:l .. d.lolli 
OcIBI:M,nq.n"., 10101 
Od·BI: "ercur,. 10101 
Ocl-94: ",lhylmCMotldf 
Od-BI: Nichl. 10101 
Oct·B41P[9lm 
Od-BI : PCB l?4e 
Od91 I PCB 1151 
OclBIIPCell60 
0(1 84 I 511" •• 10111 
Od 91: I.IIIChlo"thlne 
Olt-BI I lOt 
Otl-81: lolu.n. 
Od-B4 Ilrln! 1.2-0ichloroeth.n, I 
Ocl·B4 I ItI[hlo'Dlth... I 
Dcl-B4 I /Inc. loUI I 
Jan-BS: 1,1.l-lrlthlo.otthin. 
Jao-0511.\-Ol[hlo,opthan, 
J.n-B511.1-Ouhlo,allh.n' 
J.n-05IArlfnIC,101I1 
JIr,-DS:e,.zene 
J~n·85 I BhI2.lhylhnyIIPhlh.hhl 
Jan-OS: CldllUI. 10101 I 
Jan-HSI Chlo,o'a.. I 
J.n-051 [h'DIIUI. Iolal 
Jan·B51CIII.7-0Ith\0,o.lhtnl I 
Jln-85: COPPPr.lohl 
Jln-95 I Ethvlbmrnt 
Jin85 1 lud. Iota I 
JinBSI n,nQ.nPle,lotai 
J.n-BS:nmu'I.lolal 
Jan-as I ",Ihvhn. Chlatld, 
J.n-B51Multl,Iolil 
Jan 95 I PCB 1142 
J,n95 I PtB III 0 
J,nOSIPCeml 
JlnBSlmllM 
Jan 95: Slim, 10101 
J.n-05 : ht",hl~rtlhehe 
J.n-85 : IDe 

( lOIns not d,htltd using d.hclion IIIIt shown, P mhl p,.nnl bul hi." delicti on lilli, IS IUhl IMulllcitnt n.ph '19' 1 

1 
I 
I 
I 
1 
I 
I 
I 
I 
1 
1 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

I 2.91 
I 2.951 
I( 0.0101 
IP 0.0101 
I( 0.0101 
I I 
I( 0.010 
I 0.013 
I 
I( 0.010 

0.23 

0.099 
0.030 
0.411 

0.12 
I 

(0.00021 
(0.00021 
(0.00021 

1(0,00021 
I I 
II 0.0101 
I I 
IP 0.010 
I o.n 
1 1.6 
I 1.56 
I( 0.005 
1 0.011 
I( 0.005 
I 
I 0.0069 
\(0.00001 
r 
I( 0.005 

I 
I( 0.005 
r 0.0211 
I 0.5191 

I 
O.OlBI 

I I 
1(0.00071 
110.00021 
1(0.00071 
1(0.00021 

I 
IP 0.0051 
I I 
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D,h : P ..... ter I J.D I B-S I B-D I 9'S I 9·0 I 10'S I \I-S I 12-5 I U-5 I 11-5 I 15-5 I U-S I I1-S I IB-S I U-S I 20.5 

Janes: folupnf I 
J,n'8S: I"n. l,l-ClchlcrDeIMnr: I 
hn-BS : Inchlolo,lh~", I 
Jan 9S: hnc, lohl I I 
JunBS: 1,I.Hnchloro.lh.n. 0.0391 0.39 I( 0.005:( 0.005 
J.n-aSII,I-DlChloro.lhln. I( 0.0051 0.066 I( 0.0051 ( 0.005 

Jun-BS: 1.I·0"hlcro.tlofn. I( 0.0051 0.0092 I( 0.0051 ( 0.005 
J.n-BS:AmnlC.lohl I I 
Jun -as : B,n~,"~ I( 0.005 I I( 0.005 ( D.OOSI( 0.005 
Jun-BS : 81111.th~lhorvIIPhth.II"1 1(0.000011 (0.00001 0.00033 I 0.00080 
Jun-05: C,dIlUI. lohl I I 
Jun85:Chlorofoll I( 0.0051 ( 0.005 ( 0.0051( 0.005 

Jun-051 [hro.,ut. lohl I I I 
Jun·85IC"I.2·Dlch!oro,lh,n. I I 
Jon-BS: COPP". 1,101 I I 
Juo'B5I Ethylb.nrPOe ( 0.0051 ( 0.005 I ( 0.0051 ( 0.0051 
Jun 85 I l .. d. lohl 0.1541 0.0541 0.1091 o.ml 
Jun-BS: ",ng.n.n, lolil 11.81 2.07: B.741 5.00 

Jun'051 "mu'I. lohl I 
lun·OSI".lhvl,n.Chlond. ( 0.005 I ( 0.005 I ( 0.0051( 0.005 

JunBS I Nltlfl. laid I I 
Jon-05 PCB 1m ( 0.0002 I ( 0.0002 I (0.0002'(0.0002 

Jun-BS mills (0.00021 (0.00021 (0.0002 (0.0002 

Ju.-05 peSllSI ( 0.0007 I (0.00071 (0.0007 (0.0002 

JuneS pumo (0.00021 (0.00071 (0.0002 (0.0007 

Jun-BS Slim. 10111 I I 
Jun-85 hlllChlortlh,n. 0.01&1 0.221 0.005 ( 0.005 

Jon-85 IOC I 
Jun-85 lolupnt 0.0051 0.005 ( 0.005 ( 0.005 
Jon-BS 'rans1.1-0ichlorotlhPntI 0.191 0.50 0.015 0.016 
Jun-85 I'Hhloro.lhtn. I 4.01 3.2 0.15 0.035 
Jun-eS line. 10111 1.911 1.10 1.39 1.471 
Jin-861I,I.t-rmhloro.lhlne I 0.29 I( O.OOSI( 0.0051 
J,n-06: t,1-OlChio,otlhhf I 0.061 I( 0.0051 ( 0.0051 
J.n-8bll.I-DlChI0,.,lh,ne I 0.0056 I( O.ODSI( 0.0051 

J,n-B6I Arl.nle. lolal I I 
Jln-B6I Sm,n, I( 0.005 I( 0.0051 ( 0.0051 
J.n-06 I 91111,lhylh"yIIPhlh.hl.1 I I 
J,n·B6IC,dtiuI.loI1l I I 
Jan-e6I Chlo,oloro I( 0.0051 ( O.OOSI( 0.0051 
Jln-B6 I th,om •• lohl I I I I 
J.nB6Itlll.7·0Ichlomlhn. I I I 
Jan 8bl topp.'. lolol I I 
J.n-S6I Ethylb.nlfhP I( 0.0051 ( 0.005 ( 0.005 I 
lan-96 I ltld. 10111 0.0351 0.010 0.0301 
J,n-86 I ".ng .. "., 101" 1.301 9.59 2.211 
l!n-e61"mu".I.I.1 I I I 
J,n-Obl".thvlmChlaride I I( 0.0051 ( 0.005 ( 0.0051 
Jar. 86 : Hi c ~.I. 101,1 I I I I 
Jan-Db I peB 1m I 1(0.00021 (0.0002 (0.00071 
Jin-B6ImI1lB I 1(0.00021 (0.0002 (0.00021 
Jan-Dblmlill 1 1(0.00021 (0.0002 (0_00021 
Jan-B6:mI160 I 1(0.00021 (0.0002 (0.00021 
Jln-06:Sllm.lotal I I I I 

( ... os nal del.cled USIOQ d,teclton ""I ,hown; Pmos prtspot but hloN d.hclian Ihil; IS .un, in,ulllthni slIpll PIg, B 

I?5I.OI 

m-lll 

I( 0.0051 
1 0.10 
I 2.1 

0.919 
( 0.005 

0.0063 
( 0.005 

( 0.1KI5 
(0.00001 

( 0.005 

0.016 
0.010 
O.BII 

I 
0.0161 

I 
(0.00021 

1(0.00021 
1(0.00021 
I ( 0.0002 I 
I I 
I 0.00531 
1 I 
I( 0.0051 
1 0.111 
1 2.6: 
I O.llOI 

I 
I 
I 
I 
I 
I 
I 
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Jln-B6: hlrachlorPlhen. 
J,.-a6I lUC 
Jin-Bb: 10Iu.n. 
J.n-66 I I,,",1.2-0IChloro.lh.o, I 
J,o-96I I",hl.,oelh... I 

I 
I 
I 
I 
I JdO-B6I/1n,.lohl 

Apr-Sbll.I.I-illthlor •• than. 
Ap,-!61'.I-Duhlo'DPlka •• 
Apr-Sbll.IDlChlor •• lh.ne 

I( 0.0051 
I( 0.0051 
1(0.0051 

Ap,-Bb I Ar .. nn. I~lal I 
Apr-9b I hOlln, I ( 0.0051 
Apr-Sb: 9Isfl.lh/lh •• yIlPhlhlhhl I 

I 
1 
I( 
I 

I I 
I I 
I( 0.0051 
I( 0.0051 
I( 0.0051 
I I 
I 0.00521 

I 
Apr-Sb I C,dllU'. lohl I I 
Ap,-B6IChlorolo," I( 0.0051 I( 0.0051 
Ap,-OhICh,oml.TDIII I I I 
Apr-86ICul.2-0"hlo,otlhm I I 
Ap,-06ICoPPft.lolai I I 
Apr-Oblmylbfnltne I( 0.0051 I( 0.0051 
Apr-B6Ilud.lolil 0.0341 I 0.1ll I 
~pr-O~ I Nanqlnm, Tohl o.m I I UBI I 
Apt-S6 I "mury. 10111 I I 
~Pt-O~ I "elh/hn. CMond. I ( 0.005 I I ( 0.005 I 
Apr-D61 Nichl.totll I I I 
Apt-S6 I ~C8 IlIl I ( 0.0002 I I ( 0.0002 I 
AprB61ml24B 1(0.00021 1(0.00021 
Apr-S! I ~C8 1154 I ( 0.0002 I I ( 0.0002 I 
Apr-96:ftBllbO 1<0.00021 1(0.00021 
Apt -B~ I Silver. IDto! I I I I 
Apt-061lflrlthlotlthm I( 0.00'1 I( 0.0051 
AptB6: IOC I I I I 
Apt-abllolutn, I( 0.005: I( 0.0051 
Apt-D611tlnsl.2·DlChlomlh.n,'( 0.0051 I 0.0391 
Apr-861lt1Chloroplhm I( 0.0051 I 5.11 
Apr-B6I IInc,lDlal 10.11 I 14,901 
Hn,-S61I,I,Hmhloroplh.n. I( 0.0051 0.0181 ( 0.0051 
"ov-9bll.I-0IChlotofthane I( 0.0051 0.00)11 ( 0.0051 
Ho,-!b I 1.I-OlChloroplhenp I( D.OOSI! O.OOSI( O.OOSI( 
Nod! I 2-Bullnon, I ( 0.010 I ( 0.010 I ( 0.010 I! 
Nod61A1hhnHy 3011 169' 2671 
Nodbl ~m",(. Olil. I ( 0.0051 ( 0.005 ( O.OOS I ( 
Ha,S6I Arsem. 10111 I I 
Hov-9bl 9ariul. Om 0.1111 0.072 0.0901 
H.,-g61'ad.I.lolal I I I 
Ho,-Dlilen/en. I( 0.0051( 0.005 ( O.OOSI( 
Ho,-86 I 9Isfl.lh,lhmllPhlhlhhl I 
Nodbl Cadllu,. Ol~'. 0.00021 0.0009 0.00011 
No,-8b/Cldtlu •• I,.tal I I 
Nod6 I CIICIU •. 0111. Ill! Il4 III I 
"o,-Bb I tiltl.l. I.hl 
N.,.96:Chlorld. 
No,-96IChlorolotl 
Ho,Ob/Chl.llut.Dls •• 
Mo..s6IChrOllul.IDlil 
Mo,-96:t,,1.2·DlChloro.lh ... 

3£.01 5.9 41.71 
I ( O.OO~ I ( D.OOS I ( 0.005 I ( 

0.0021 0.0021 0.0021 
I I I 

l( 0.0051 0.211 0.0401 

0.211 
I 

0.0051 
0.511 
4.21 

I.OSI 
I( 
I( 
I( 
I 
I 
I 
I 
I( 
I 
I 
I 
I( 

I( O.OOSI( 
I I 
I! O.OOSI( 
I 0.0121 

0.0051 
O.OOSI 
0.0051 

I 
0.0051 

0.0051 
I 
I 
I 

0.0051 
0.0611 

0.1lI1 
29.BI 

0.0051 
I 

0.0051 
0.0l41 
0.0111 
1.011 

I( 
I( 
I( 
I 
II 
I 
I 

I 
I 
I 
I 
1 
I 

D.OOSI( 
O.OOSI! 
O.OOSI! 

I 
0.0051 ! 

I 
1 

I( D.OOSI( 
I I 
I I 
I I 
I( D.OOSI( 
I 0.3661 

10.11 
I 

I 
I 
I 
I 
I 
I 

O.OOSI( 
O.OOSI! 
O.OO'I! 

I 
M051! 

I 
O.OOSI( 

1 
I 
I 

0.0051( 
O.on 
1.99 

I 
I 
I 
I 
I 
I 

0.005 I! 
O.OOSI( 
O.OOSI! 

I 
0.005 I ( 

I 
I 

0.0051( 
I 
I 

f 
I 
I 
I 
I 
I 

0.0051 ( 
O.OOSI( 
0.005 I ( 

I 
O.OOSI! 

I 
I 
I 
I 
I 
I 

o.o051( 
0.0051 ( 
O.OOSI( 

I 
O.OOSI! 

I 
I 

0.005 ( o.oosle 
I 
I 
I 

O.OOSI( 0.005 ( D.OOSI( 
0.1011 0.051 0.0131 
0.531 2.12 l.b4 

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

D.0051( D.OOSI( 
0.005 I ( 0 ~ 5 I ( 
D.005Ie O.OOSI( 

I I 
O.OOSI( O.OOSI( 

I I 
I I 

I 
I 
I 
I 
I 
I 

O.oOSI( 
O.OOSI( 
0.0051! 

I 
0.0051 ( 

I 
I 

I 
I 

0.0051 
0.0051 
0.0051 

I 
0.0051 

0.0051( 0.0051 ( O.oOSI( 0.0051 
I I 
I I I 
I I I 

O.OOSI( 0_0051 ( O.OOS ( 0.0051 
0.0601 0.1201 0.091 0.1521 
1.461 1.381 o.m I.TlI 

I I I 
o.ml 

I I 
I( 0.0051 
I I 
1(0.00021 
/(0.00021 
1(0.00021 
1(0.00021 
I 

O.OOSI( 0.005 ( 0.005 0.0056 O.OOS D.OOSI! O.OOSI( 0.005 0.0051 
I I I 1 

(0.000218roltn 
(0.00021Itohn 
( 0.000218,o\ln 
! 0.00021 8rohn 

(0.0002 (0.0002 (0.0002 (0.00021(0.00021(0.0002 (0.00071 
(0.0002 (0.0002 (0.0002 (0.00021(0.00021(0.0002 (0.00021 
(0.0002 (0.0002 (0.0002 (0.00021(0.00021(0.0002 (0.00071 
(0.0002 (0.0002 (0.0002 (0.00021(0.00021(0.0002 (0.00021 

I I Iff 
I( 0.0051 
I I 
I 0.00921 
I 0.0131 

(D.0051( O.OOS ( 0.005 ( 0.0051 ( 0.005 ( 0.0051 ( 0.OG51( 0.0051 ( 0.0051 

I 0.151 
I 4.1l1 

0.121 0.00Bb1( 
0.Ol51( 0.0051( 
O.OOSI( O.OOSI( 
0.0101 ( 0.010 ( 

11&1 m 

O.OOSI! 0.0051( 
0.0051 ( O.OoSI( 
O.OOSI! 0.0051( 
0.0101( 0.0101( 

193: 4261 
O.OOSI( 0.005 
0.02ll 

(0.0051( 0.0051( 
I I 

0.1091 0.061 0.0)91 O.IObl 
0.9B&1 I 
0.0051( 0.005 (D.OOSI( 0.0051 ( 

I 
0.00061(0.00011 

I 
0.00061 0.0001 
0.00341 

III I 
154, 

15.21 
O.OOSI( 
O.OOll 
0.2671 
0.341 

I I 
122 III 1 15BI 

I 
42.9 36.61 73.21 

0.005 (0.0051( O.OOSI( 
0.0021 o.oOll 0.001 I! 

I I I 
0.0781 0.0361 o.ml( 

I 
O.OOSI( 
0.00'1 ( 
0.0051 ( 
6.111 

0.0051 ( 
0.0051 ( 
0.0051 ( 
D.OIOI( 

1111 
O.M51 ( 

I 
0.0641 

I 
D.OOSI( 

I 
0.00101 

I 
12&1 

I 
45.11 

O.OOSI! 
&.001 I! 

I 
0.005 I ( 

0.005 
O.OOS 
0.005 
6.13 

0.005 ( 
0.0051 ( 
O.OOSI( 
0.0101( 

3141 
D.0051( 

1 
o.ml 

I 
D.OOSI! 

I 
0.00111 

I 
1541 

I 
13.71 

D.OOSI( 
0.001 I ( 

1 
D.DO'I( 

0.005 
0.005 
0.005 
17.6 

O.OOSI( 
O.OOSI( 
O.OOSI( 
0.0101( 

3931 
0.0051 

I 
O.OU I 

1 
D.0051( 

I 
0.00211 

1901 
I 

59.9: 
O.OOSI( 
0.0011 

I 
O.ODSI( 

I 
O.OOSI! 
O.OOSI( 
0.0171 
11.51 

O.OOSI( 
O.OOSI( 
O.OOSI( 
O.OIOI! 

4711 
O.OHI( 
0.0151 
0.1361 
0.1121 
0.005:( 

I 
0.00091 
0.01911 

1591 
2011 

15.01 
O.OOSI( 
0.0021 
0.0111 
D.OOSI( 

I I I 
( O.OOSI( O.OOSI( D.OOSI( 0.005 

0.005 
O.0~6 

6.111 
O.OOSI( 
0.0051( 
O.OOSI( 
UfO/! 

3951 
O.OOSI( 

0.0681 
I 

0.0051 
I 

0.00101 
I 

1081 
I 

1.61 
0.0051 ( 
0.0011 

0.0441 •• 11( D_0051( 
0.191 2.91 0.Ol21( 
4,561 9.081 l.711 

D.OOSI! O.OOSI! O.OOSI! 
O.OOSI! 0.005f( D.OOSI( 
0.0051( O.OO!I( O.OOSI( 
o.ml! O.OlDl! O.OIOI( 

1581 3021 2641 
D.OOSI! D.OOSI! O.OOSI( 

I I 
0.050 0.09SI 0.0321 

I I 
0.0065 ( 0.005 I ( 0.005 I ( 

I I 
O.OOOb 0.00051 0.00741 

I I 
170 1511 66.01 

I I 
25,6 2UI 51.61 

0.005 ( O.OOSI( O.OOSI( 
O.OOl 0.0021 0.0021 

I I 

I 
0.0051 
0.0051 
0.0051 
1.251 

0.0051 ( 0.005: 
0.005 I O.oon I 
0.0051! 0.0051 
0.0101 ( 0.0101 

1901 5011 
O.OOSI( 0.0051 

I 
0.0551 0.1281 

I 
G.OOSI( 0.0051 

I I 
0.00091 

I 
66.01 

I 
15.31 

O.OOSI( 
0.0011 

0.00041 
I 

209/ 

I 
0.0051 0.021 O.lll( O.OOSI( 0.0051 

12.91 
0.0051 
0.0011 

I 
0.111 
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0.0011 
I 

0.003 I 0.002 I 0.005 I 0.002 I 0.005 I 0.002 I 0.002 I 0.006 I 0.002 I 0.002 I 0.004 I 
I I o.ml I I I I I I 0.0091 I 

0.003 I 0.003 I 0.004 I 0.001 I 0.002 I 
I I I I 

Nov 86 ICapp.r, Dlss. 
No,-06I COPPPr,Tol,1 
No,-B6IEth,lben!ent 
Nov-B611ud, DISI, 

I < 0.005 I ( 
0.0021( 

I 
52.41 

0.4031 

0.005 I ( 0.005 I ( 0.005 I ( 0.005 I ( 0.005 I ( 0.005 I ( 0.005 I ( 0.005 I ( 0.005 I ( 0.005 I ( 0.005 I ( 0.005 I ( 0.005 I ( 0.005 I ( 0.005 I ( 0.005 I 
0.001 I 0.002 I 0.0031 0.011 I 0.005: ( D.OOI I 0.001 I 0.005 I 0.001 I 0.00) I 0.003 

I I 0.1141 I I I I I 0.1141 
31.0 I 51.91 n.o I 49.21 M.BI 50.11 3UI n.91 lJ.O I 51.41 29.0 
I." I 0.100 I 0.026 I 0.142 I 1.58 I 0.001 I 1.20 I 1.50 I 0.016 I 1.96 I 1.04 

I I 2.541 I I I I I I 2.UI 

Nov-96 1 Lud, total 
Mo,-86I "'gntslu"Olss. 
No,-06:".ngamf,OIll, 
Nov-96 1 "ang."1 ••• 10111 
Neo,-B61"mury.Olss. 
Mo,-96:",'corv,lollI 
Nov-06iK,th,I,",Chlondt 
Nov-06 1 NI("1. 0" •• 
Nod6 1 Nld,l. 10111 
No,-S6:Nlt"tp-Nllroqon 
Nov 06: PCB m~ 

I ( 0.0001 ( 0.0004 I ( 0.0001 I ( 0.0004 I ( 0.0001 I ( 0.0004 I ( 0.0001 I ( 0.0001 I ( 0.0001 I ( 0.0001 I ( 0.0001 I ( 0.0001 

Nov-D6 I PC9 IllS 
Nov-061mm4 
NO"86:PCOIlb0 

: 
I( 0.005 
I( 0.001 
I 
I 0.031 
I 

Nov-06 IPolmlu •• 011'. I 4.75 
N~v 96 I S,I.nlul. Din. I ( 0.005 ( 
Nov 961 Solln,u •• loti I I I 
NO"B6 I SlIm, Dill. I( 0.0011 
N.,-9bl Slim. lohl I I 
Hov-B6:Sod,ul,Om. 9.361 
No,-06 1 Sull!h~ I 251 I 
Nov-06 I hlrlthlorltheno I ( 0.005: 
Nod! I lOC I 
Ho,·ObIT.lum I( O.OOSI( 
Nov-6&ITransl.2-0,ehIDrotlhml( 0.0051 
No,·061lmhloro,lhfnt I( 0.0051 
No,-9611mhloroftuorouthan! I( D.OOSI( 
Had!: lIne. Om. 1.23 I 
N.,-B6: hnc.Tolal I 

I 1 ( 0.0001 I I I I I I I ( D.OOOf I 
0.005 I ( 0.005 I ( 0.005 I ( 0.005 I ( 0.005 I ( 0.005 I ( 0.005 I ( 0.005 I ( 0.005 I ( 0.005 I ( 0.005 
0.054 I ( 0.001 I ( 0.001 I 0.001 0.012 I 0.004 I O.OO! I 0.01! 0.031 I ( 0.001 I 0.005 

I I 0.1321 I I I I 0.0391 
1.69 I 0.022 I 1.92 I 0.221 0.205 I 0.90! I 6.05 I 2.09 11.0 I 0.02B 1 0.110 

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

1.711 
0.005 I ( 

I 
O.OOll( 

I 
6.091 

1831 
0.016 I ( 

I 
O.OOSI( 
0.241 
9.21 

0.0051 ( 
1.121 

1.511 5.491 
0.0051 0.0491( 

I 0.01& I 
0.001 I ( 0.001 I 

I 0.0011 
11.01 29.21 
2121 91.11 

0.005 I 0.12 I ( 
I I 

0.0051 ( O.OOSI( 
o.ole I 0.34 I 
10.11 1.91 

O.OOSI( O.OOSI( 
1.03 I 0.191 I 

1.151 

I I I I 
1.52 

0.005 
3.611 3.911 3.611 3.06 1.921 4.n I 3.29 

0.005 I ( 0.005 I ( 0.005 I (0.005 0.000 I ( 0.005 I ( 0.005 
I I I I( 0.0051 

0.002 0.001 I ( 0.001 I 0.001 I (0.001 (0.001 I ( 0.001 I 0.001 

19.51 16.51 
1991 2211 

O.OOSI( 0.0051 ( 
I 

0.0051( O.OOSI( 
0.029 I 0.036 I 
0.b51 0.211 

0.0051( 0.0051 ( 
1.01 I 0.135 I 

I 

I I I( 0.0011 
1.44 I 11.1 I 6.50 5.11 I 10.6 I 4.11 
lUI 56.41 m \bI1 3191 5M 

0.005 I ( 0.005 I ( 0.005 ( 0.005 I ( 0.005 I ( 0.005 
I I I I 

0.005 I ( 0.005 I ( 0.005 I ( 0.005 I ( 0.005 I ( 0.005 
0.027 I ( 0.0051 ( 0.0051 ( 0.0051 ( 0.0051 ( 0.005 
0.012 I ( 0.005 I ( 0.005 I ( 0.005 I 0.0011 I 0.11 
0.005 I ( 0.005 I ( 0.005 I ( 0.~05 I ( 0.005 I ( 0.005 
0.2461 3.811 1.011 3.251 1.011 2.87 

I I I 25.11 I 

< mnl nDI dehet,d U51nQ deheliDn litll shaw", P Im\ ,,,senl but b!lo. detection Ihitl IS If.ns insufflclenl ,"ph hg! 10 

0.005 I 0.001 I 0.009 I 0.001 I 0.001 I 
I I I I I 

51.9 I 54.1 I 10.0 I 17.2 I 53.4 I 
0.308 I 0.920 I 0.034 I 0.088 I 1.00 I 

I I I I I 
( 0.0004 I ( 0.0004 I ( 0.0001 I ( 0.0004 I ( 0.0004 I 

I I I I I 
0.005 I ( 0.005 I ( 0.005 ( 0.005 I ( 0.005 I 
O.OOS I ( 0.001 I (0.001 0.001 I ( 0.001 

I I I 
2.021 0.0161 2.71 0.431 I 0.020 

I I 
I I 
I I 
I I 

3.851 2.Bll 7.22 
( O.OOSI( O.OOSI( 0.005 

I I 

2.221 
O.OOSI( 

I 

3.36 
0.005 

( 0.001 I 0.002 I 0.002 ( O.ODII( 0.001 
I I 

16.81 8.181 
ml 1121 

(D.0051( 0.0051 ( 
I I 

( 0.005 I ( 0.005 I ( 
0.0211 0.111 ( 
0.0911 1.511 

( 0.0051( 0.0051 ( 
2.211 1.11 I 

I I 

11.1 
26.8 

0.005 ( 
I 

O.OOSI( 
O.OOSI( 
0.OB81( 
0.0051 ( 
3.181 

I 
9.C51 
72.11 

O.OOSI( 
I 

O.OOSI( 
0.0051 
0.0051 
0.0051( 
3.101 

I 

7.191 
3211 

0.0051 

0.0051 
0.111 
1.31 

O.OOS: 
0.5261 

I 
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• • 
ChronoloqlCal Su .... ; of CO",lhtuenh Debcted ,n II lusl On. Salph Fro. MIROP Ground Vahr Chuiul AnalystS IlglII 1251_01 

18lanl I RlnB11I1 RinBlk21 T.p91111 T.p91121 Trp9ml Trpbllli Dupll I Oupl2 I Dupll I 

OclB1II,I,H.ichlo.o.thm I 
Dct-9lll,IDIChloroelhm I 
Oet-Bl: I.I-Ouhloroelhenl I 
011-9l I Amnle. Told I 
Dct ~a~ : epnllm. I 
O,HlIOIsll.lhvlh"vllPhthllahl I 
OII-B1IC.dllU.,tolal I I 
O,HJIChloroforo I 
Od-B) I Chrom •• Inhl I 

Ocl-B1IC"t.2-DIChlorollh.nr I I 
Od eJ: COPOf(, Tol.1 I 
Od-B1 I flhylbtnzen. I 
Ocl-B1ILud,tolal I 
Ocl-B1ln.nq •• "t,lolli I 

OclBlI "!I!Urt,Tolal I 
DcIB1I",lhvlon,[hlo,id. I 

OcI8lIH'lhl.lotal I 

011-81IP[81212 I 

oclBllmlllB I 
Ocl-81 I PCB 1154 I 
Ocl-illPt8llbQ I 
Otl-81 I Slim. Tohl I 
Otl-83: htrlthlorelhon. I 
Otl-B1ITOC I 
Oel-Olilolu.no I 
011-931 Trlnsl.2-D"hl.r •• th.n.1 I 
0,I-B1:I"lhloro.lhon' I 

Od 93: 11ft[. 'Dhl I 
Apralll,l.I-lrachlo,o.lhan. I 
Apr-B!I 1.I-OlChioroolhln. I 
Apr-94I 1,I-OlChloroelhene I 
Apr BI I Arum, Told I 
Apr-B4Ie.onnf I 
Apr-B!: 8nl7pthvlhflyllPhlh.hlrl I 
Apr-04 I [Idm •• lotal I 
Apr-BltChiorofo," I 
~pr-a4 I Chrom •• lohl I 
~pr-Ol I [u I.l-Oichloro.lh ••• I 
Apr-BI:topp.r,Tol.1 I 
AprS4l{1hvlb.nlloe I 
Apr-BI: l .. d. lolal I 
Apr-B!I"lnqln ... ,Tolal I 
Apr-SI:"mu,y.lolil f 
Apr-B4: ".thvhnoChlotldt I 
Apr-al:HitbI,Iolli I 
Apr-B4:mI21, f 
Aop-OllmlllS I 
Aprgl:mlm I 
Apr-Ollml160 I 
Apr-8':Sllm.Tolal I 
Apr-BI: 1,lflchlor,lhen. I 
Apr-B': IOC I 
Ap,-BII Totu, •• I 
Apl-alllr .. lt.l-OHMorDflhml I 

( .... \ nol d,"d,d UIIOQ d."diDn li.i1sh._.: P tUnS prt~ent lui hlol deleelion 11.11: IS Itlnl in!ulliclenl sup" Pip. 11 21-Apd7 



• • 
Chronoloqlul Som" 01 COMllllurnts Drtectrd in .1 LflSt On. Snph Fro. HIROP Ground Vater Chuiul Anllyn, 119111 1251.01 

&ate : Par alPler I Bhnk : Rln011l1 Rln81l2 I Irpollli IrpOl121 lrpem: Irp8114 I Dupll I Oupl2 I Oupll I 

Ap,-Ol: I"chlo,oelhen. 
~P' 91 : hnc. lohl I 
Ocl'81: 1.\,llnchIDr.elhone I( 0.0101 
Ocl041 t.1-OHhlo,o.lh ... I( 0.0101 I 
Oc!-Blif,HlChlo,o,th, •• I( 0.0101 I 

Ocl-91 : A'~"H. 10101 I I 
Oct'04 IS .. ,,", I( 0.0101 I 
Dcl-94: BlSl1.lhvlhuyllPhlhdilel I I 

Oct-DIICadllul.lolil I I 

OcIBI:Chlorolor. l( 0.0101 I 

OcHIIChtOiIUi.lolal I I 
Otl,94: Cit I.Z-DlChloro.thrnr H 0.0101 I 
Oct 91 :[opper.I.tol I I 

Oct 91 Ethvlbrn".f I( 0.0101 I 

Oct-Ol leld.lot<ll I 
OcH4 H.nqan .... lohl 
Ocl-81 "mury.lotll I 
Oc\-Ol Helhvl.neChiorid. IP 0.0101 
0,101 NICul.lohl I 
Oct-91 p[Blm I 
Ocl-91 p[OIHS I 
Otl84 P[91251 I 
Ocl-81 peema I 
Ocl91 511,.,.101.1 I 
Oct-91. hlrarh)",.lh.n. I( 0.0101 
Oel-DII loe I 
O,I-9111oIo.n, I( 0.0101 
Ocl-011Iransl.2-0Hhloro.lh, •• I( 0.0101 
0[1-94 I Inchloro.lhent I( 0.0101 
Dc! 91 I Iln[. 10101 1 
Jl.·0511.1.l-Imhloro.thane I( 0.0051 
Jan-9SII,I-Olthloro,lh.ne I( 0.0051 
Jan-OS: I.I-Olchlolo.lh.nt II 0.0051 
Jlh-BSI An'nJ[. lolal 1 
Jan-B5IB'.len, I( 0.0051 
J •• -95 I Bun.lhvlhmIlPhlh.hl,1 1 
J.n-85 ICadllOl. 10111 
Jln8S:Chlo,olm II 0.0051 
Jah-OS:Ch'OIlUI.lolal 
Jln-B5 1 til 1.2-Duhloro.lh.n. I 
J.n-9SI CoPP". Tohl I 
J.n-BSI £\hylbtn .... I( 0.005: 
Jan·D5Ilud. Total I 
Ja.-OSI ",ho.nn •• lohl 
Jln-651"mury.lotat I 
Jan-OS: M.thyirn. Chloride IP 0.0051 
Jan-OS 1 Nuk.l. Told I I 
J.n-65 I PC8 1242 I 
lon-OS 1 PCB 111B 
JanOS I PCB 1251 
Jan·BS:PC912bO 
Jan-BSI SiI,.r. 1.111 
JI.·05: It!whl~ttth.n. I( 0.0051 
Jon-OS I lOC I I 

I mnl not det.cted usino detection Illil ~ho.n: P mns pmtnl bul b.lo. dehct\on lilill IS mns insullicj.nt "Ipl. Pig. 12 21-Apr-Bl 



• 
ChronoloqlCll Sumry of Consllllu •• 1s D.hd.d In II lenl 0 .. S"ple Fr •• NIROP Sround hltr th .. ical Anlhs!s l'q/ll 

Oat~ : PUiIIl'hr 1 Bhn. I AhBHI I RInBIU 1 Irp8111 1 lrp 91121 IrpBlll 1 I,peUI I Bupl I 1 Dupl 2 I Dupl 1 1 

Jln-95:Iolum 1< 0.0051 
JanOS: l"nsI.1-0IChlor •• lhon.:< O.OOSI 
lin-aS: I",hlor •• th,.. I( 0.005: 
Jan-05: line. I.hl 1 
Jun-8S:I.I.I-Iri,hlomthm I 
Jun-BS: t,1-DHhloroeth.nt I 
Jun-9S: 1.I-Di,hlomthen. 1 
Jun-OSt Arml<. lot.1 1 
Jun 85: Benane 
Jun-OS: e"ll.thvlhmIlPhthahhl 
Jun-95: [.d.lu •• lohl 
JunOS:Chloro'ofl 
Jun-as: [hr •• IU'. lohl 
Jun-95:Cul.2-0Ichloroelhtn. 
Jun-OS I [opper. Iota I 
Jun-OSI ElhylbenlPn, 
Jun-OS: lud. lohl 
Jun-95IKanqan,."lolll 
Jun-05I Kmur,. lohl 
Jun-8S:K,thil,neCh!ollde 
Jun-OS I Nulrl.lolll 
Jun-B5 I PC8 1212 
Jun-8SIPCBI218 
Jun05 IP(8 1254 
Jun-OS:PCBI260 
Jun-95 1 511",. lohl 
Jun9S:I.tmhlor.th.ne 
Jun-OSIIDC 
Jun-OSllalu.n. 
Jun-OS:lran,1.1-Dlthlor •• lhen.: 
Jun-OS: III,hloro.then. I 
Jun-OS: lint. 10111 
Jln06: 1.1.I-I'tchlo,o.lhanr 
Jln06:1.l-Dtchlorotlhm 
Jln-0611.I-OHhlorn.lh.ne 
J,n-06:ArsrnIC.lollI 
Jan-96:8meo, 
J,0-96 1 BuI2.lhyHe.yllfhlhdahl 
J,n·96ICadatU •• lohl 
J .. 06 I Chlorofnre 
hn-06IChrollU •• lolil 
J .. -06: CIl t.2-DHhloro.th.nt 
J,n-061 Copptr,tchl 
Jan-06/Elhylbenm, 
hn-B6I llid. lohl 
Jan06:"anqann •• lclll 
J,n-06 / "flCU',. lold 
Jan-96I "rlhvl.n,[hlolld. 
Jln-861 Nlthl. lotal 
J.n96 1 PCB 1141 
Jan86/ml219 
Jar,·B6:PCBI151 
J,n-B6IPC81260 
J.n-061 SII •• r. I.hl 

I mnl not d.l.cl.d limo d.l!cllon luil shnwn; P mnl prtstnt but belo. delecllon Iltill IS mOl iRlufllcl,,1 luph "91 Il 

• 
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21-Apd1 



• • 
thronoloq,ul Suoo.,y 01 ConSllttupoh Otlttlrd.n II hnt On. Supl. Fro. "'ROP Ground V.lu Chel/c" An"riPI "q'" 1251.01 

D.h : P.rnl!'hr I 8ho • 
• 

R)nalU I Rln91U I Irp91111 Trp8lk21 !rpelU I 1,p81141 Duplt I Ou,12 1 Dupll I 
"_~"_"~ _____ ~MW ___ ~""" __ "" ___ "'''''~'''''''''''' __ '' ___ '''''''''''''''' __ ..... ---.. -- ...................... --------- .... ------------..................... -- ..... -- .... - .... - .................... --- ..................... ----...... 

Jan-B6:lelr,chlorrlhln' I I 
Jan-Ob:l0[ I I 
Jln-B6:lolu!Af I I 
J.0-96 : lran~ 1.2-DIChlororlh,n. : I I 
J,n-86:lmhloro.lhpn, I I I 
Jin-B! I I\n[, 10111 I I I 
Apr·o6: I.I.I-Imhloro.lh.nt I( 0.0051 I 
Apr-06: I.I-Dothloroplhane I( 0.0051 I 
Apr-06:J.I·D,chloroelhm II 0.005: I 
Apr'Db : 1Ir~.nlt. lotal I I 
Apr·06: honn. I( 0.0051 I 
Apr·06: BII(lp!hVlhnvIlPhthl.1t1 I I 
Apr·Db I [,d.,u,.lolal I 
Apr-S6I th!orolorl I( 0.0051 I 
Apr-ObIChrollUl.lollI I I I 
Apr·06ICosl.7-0Ithloro.lhrn. I I I 
Apr-96 I [oPPPT. 10111 I I I 
Ap,-96I mylbrm., I( 0.0051 I I 
Apr·B6 I ltld. lolal I IS I I I 
Apr·06:ft •• '.n .... lol.1 :IS I I 
Apr·Bbl "!!Cury.lotll I I 
Apr'S6I ",Ihtlentthlorid, O_OUI I I 
Apr-B61 Hlthl.lolol I I I 
Apr·B6:PC81l11 : IS I I 
Apr-sblteOms I IS I I 
Ap,D61PCII154 : IS I I f I I 
Apr-D61m1260 I IS I I I I I 
Apr·S6 I Slim. latd I I I I I I 
Apr-Ob I htmhlorrlhph! I( 0.0051 I f I I I 
Apr-B6 I lOt '1 I I I I 
Apr·B6I lolu,", :< 0.0051 : I I I I 
Apr·061Im",2·Dirhioro.lhntl( 0.0051 I I I I I 
Apr-861Itichloroplh ... I( 0.0051 I I I I I I I 
Apr-Bb I hnl. lohl I IS I I I f I I I I : 
No.·061'.'.I-lmhloroelhint I I( 0.0051( 0.0051( 0.0051( O.0051( 0.005 0.OO51( 0.0051 0.0931( 0.0051 
N •• ·06:I,I·Olthloro,lh ••• I( 0.0051 ( 0.OO51( 0.0051 ( O.OOSI( 0.005 O.OOSI( 0.0051 o.ml< 0.0051 
Mo,-061'.i-DHhloro.lhtnr I( 0.0051 ( 0.0051( 0.0051 ( 0.0051( 0.005 ( 0.0051( O.0051( 0.0051! 0.0051 
Nov'06 12-Bullno .. I( 0.0101< 0.0101< O.OlOI( 0.0101( 0.010 ( D.DIOI( O.OIOI( 0.0101( 0.0101 
Hov'061 m.hnl\v I( S.OI( S.OI< 5.01 I I I 4941 lSI I 4761 
Mo.·D6 I Amm. Din. I( 0.0051( O.OOSI( 0.0051 I I( O.OD51( 0.0051 0.0131 
Mov·06I Aln.lI. lolal II 0.0051(0.00501 ( 0.0051 I I I( 0.0051 0.0061 0.0131 
Hov-BbIOari.t,Du, I( o.nlOI( 0.0101( 0.0101 I I 0.152 I D.ml 0.1111 
Mov-96 I 9m.l. 10101 I( o.olOl( 0.0101( 0.0101 I I I 0.1941 0.5141 O.IbOl 
No,-86:0.."., I( O.0051( 0.0051( 0.0051 ( MoSI( 0.OO51( D.OOSI! O.OOSI( 0.0051 ( 0_0051 
No.-86I 8tsl2.lhvlhPIVIIPhlhahhl I I I I I I I I I 
Nov-06ICadti ••• D,IO. I 0.00041(0.00011 0.00011 I 0.00031 0.00011 0.00001 
Mo,-B61Cadtlul.loIJl I 0.00021 0.000!1 0.0005 I I I I 0.00101 0.00191 0.01591 
"o..o6:t.luul.Om. I( O.IOOI( 0.1001 ( 0.1001 I : I 1571 1101 1571 
Hodb I CII(IUI. lold I( 0.11 I( 0.11 I I I III I aUI lBOI 
Nov·06 I thlotld. I( I.OI( I.OI( 1.01 I I UI "." 15.11 
Hov-06lthloro'otl I( 0.0051( 0.0051 ( O.OO~ I ( 0.005 I ( 0.0051 ( 0.OO51( 0.0051 ( O.oOSI( 0.0051 
Nov-9b lrhrottul. OilS. I 0.0011 0.0021 0.0021 I I I 0.0021 0.0021 0.0021 
No.-06IChromt.Tolai I 0.0011 0.0071 0.0011 I I I 0.0091 0.1231 0.009' 
Nov·06Itlll.2-DlChlDmlhent I( 0.0051 ( 0.0051( O.OOSI( 0.0051( O.OOSI( 0.0051 0.191 0.311( 0.0051 

"'" ..• "'<rl,~ I"'. 1elethM lilll Ihoon: P nan! p.eunl but beln. de\Pttio~ li.iI; IS ~elnl inluflicieot 'liP" Pig. 14 2Hpr·Of 



• • 
thronoloQleal Sumrv 01 ConsllllUInU Deheld in IIltl5\ On. Supl, Frol NIROP Ground hltr ChuiCiI Andy •• , '"9111 1251.01 

Dal. : Parueler I 911nl I RlnBlt11 Rin91121 Irplllil Irp81l21 lrp81U I I,pDIUI Dupll 1 Du,'2 I Dupll I 
---- -------------"'~--- .... -.... -"'---------.. -....... -......... -... --...... -.. -------_ ......... _ .... - .. --------_ .... ------_ ................................................... --------_ ................................. -.. 
Noy·B6:topoer,D",. 0.0031 0.0091 0,0021 I 0,0021 0.001 0,002 

"o,-Bb I CoPp •• , 10tal 0.0051 0.0041 0.0011 I I I 0.0\9 I O.IBI 0.016 
Nn,-86 I Eth,lb.nnr,f I( 0.0051 ( D.OOSI( D.OOSI( 0.005 I ( 0.0051 ( 0,005 I ( 0.0051 ( 0.005 0,005 

"oy-86 I Iud. DISS, 0.0021( 0.001 I 0,002 I I 0.003 I 0,003 0.001 

Nn,-86:lud.lotal I 0.0091( 0,0011 0.001 I I I 0.0331 0.049 O.OIB 

No ... -Bb: "aqn!SluI. DIU. I( MIOI( 0.1001 ( 0.1001 I I 29.51 32.9 52.1 
Noy-86 IH,nQan,s, ,Om. I( 0.0101 ( 0,0101( 0.0301 I I 1.02 I 0.027 1,9B 

No,-86:Manq.nos •• lolal I( 0.0101 ( O.OlOI( 0.010 I I I 1.551 1.1l 2.49 
No,·86:"oreu.,.0155. 1(0.0001 (0,00011(0.00011 I I ( 0.0004 I ( 0.0004 (0.0001 

Ho,-8b I "",eur,. 10111 1(0.0001 (0.00011(0.0004 I I 1(0,00041(0.0001 (0.0004 

Nov-86 I ",th,l.n.Chlorld. I( 0,005 ( O.OOSI( 0.005 ( O.OOSI( O.OOSI( 0.0051 ( 0.005 I ( 0.005 ( 0.005 

H~, 86 I MHhl. Om. t< 0.001 O.OOII( 0.001 I I I( o.oOII( 0.001 ( 0,001 

Nov-B6: MlCkrl. Iota I 0,017 0,0011 0.010 I I 0.0351 O.ISS o.m 
Nod6 I Nltrlt,-Nitroqon 0.021 I 0.023 I I 1.161 J.Bll 0.029 

No,-06IPCBI712 I I I I 
Noy-86 I PC9 1140 I I I I I 
Hoy-e6 I PCB 11SI I I I I 

Nov-86 I PCSI260 I I I 
No,B6IPotmlul.Dill. 0.100 ( 0.1001 ( 0.100 I 3.851 5.491 1,92 

Mov-96: 501 •• 1.1. Om. 0.005 ( 0.005 I ( 0.005 I( 0,0051 0.051 I ( 0.005 
N.,-06: SlhniuI. lotll 0.005 (0.0050 ( 0.005 I( 0,0051 0.0lS1( 0.005 
Noy-06 I Slly.r. GIIS. 0.001 ( 0.001 ( 0.0011 I( 0.001 I ( 0.001 ( 0.001 

No, 86 I 511,.,.10111 0,001 ( 0.001 ( 0.0011 I 0.00) I ( 0.001 ( 0,001 

No,-96: SOdlUI, DIU. 0.100 ( 0.100 ( 0.100 I I 6.271 25,1 10.6 

No,-96: Sulhhs 10.0 ( 8.0 ( 10.0 I I I 96.51 41.0 319 
Nov-86I I.t.uhlorflhrnf 0.005 ( 0.005 ( D.OOSI( 0,005 ( 0.0051 ( 0.005 I ( 0.005 I 0,\4 ( 0.005 

N.,-9bIIOC I I 
Noy-RbI lolum ( 0.005 0.005 O.OOSI( 0.005 0.005 I ( 0.005 I ( 0.005 I ( 0.005 0.005 

No,-16 I Irans l.l-DHMofofth.n, I ( 0.005 0.005 O.OOSI( 0.005 O.OOSI( 0.005 I 0.19 I 0.34 0.005 
No,-Obllrlehloroflh,.! ( 0.005 0.005 '0.005 I ( 0,005 O.OOS I ( 0.005 I 0.60 I 1.5 0.009 
Ho,-B61Imhlorofluorolrlh.nl I ( 0.005 0.005 ( 0.0051 ( 0.005 O.OOSI( O.OOSI( 0.005 I ( 0.005 0.005 

Nov-Db I hnc. DIS!, I ( 0.010 0.010 I ( 0.030 I I 0.129 I 0.112 1.86 

No,-9b I hnc. lohl I II 0.030 O.Oll( O,OlOI I 1.1l1 1,19 20.1 
==:::====:IUI:I!'II':22'::;:::1Ii::====:=:::::t:;:r:1I'7:==::::u:::e::::::.=:====7:'1'===:;:;::;:;:;==::1::::11:::::==::=::==:::::';:::=:;========::::=iI!~=::S::!:S:::::! •• E ••• Ct: •• c::n::=:u:'=:J;:::== •• 
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APPENDIX B 

ALPHABETICAL SUMMARY OF CONSTITUENTS DETECTED IN AT 
LEAST ONE SAMPLE FROM NlR.OP GROUND WATER ANALYSES 



• • 
AIDh.brtlcal Sunny of ConSll1lu.nh D.hchd in ,t lust Oot Suph Frol NIROP Ground Vater thelical Analvm 119/11 1251.01 

Oat! :PdrallliPr II-S 11-0 I HC 12-5 12-D I He Il-S 11-0 Il-pt 14-S 14-0 I He 15-S I S-O 16-S I '-D 11-S 
---- ---...... ~ ........ -.. -... ------........... -....... -...... -'"' .. ------........ ~ ................ --............ -.... _ ..................................................................................................... _ .... _--------_ .. _----- ....... -................................................ -................. -............ -----_ .... - .... -_ ..................... __ ... _-------------_ .. .. 
Od-BlII,I.I-lmhiomthln! :( O.OIOI( 0.0101 ( D.OIDI( O.OIDI( D.OIOI( 0.010:( O.OIDI! o.olDI( 0.0101 ( MIDI( D.OIOI( 
AprS'II,I.I-lmhlorD.lhan' It D.OIOI( 0.010:( 0.0101 ( D.OIDI( 0.0101( D.OIOI( 0.0101 ( O,OIOI! D.OIOI( D.OIOI( 0.0101 
Oet-aI:I,I,I-lmhloro.lhn. I( D.OIOI! D.OIOI( 0.0101' 0.0101 ( UIOI! 0.0101 ( MIDI( D.OIOII O.OIOIP D.OIOI( 0.0101 
Jan-BS! 1.I,I-irichIDrDPlh.n. It D.OOSI( D.ODSI! 0.0051P D.OOSI( D.OOSI( D.OOSI( O.OOSI( O.OOSI( D.0051! 0.0051( 0.0051 
Jun9SII.I.I-Inrhloroethanr I( D.0051( 0.0051 ( 0.0051 o,oosal( 0.0051 ( 0.0051 ( D.OOSI( 0.0051 ( O.OOSI! O.OOSI( O.OOSI! 
J.n-9611,I,HnchIDrD.th.n. I I I I I I I I 
Apr B61I,I,I-JmhiDrDfthan. I I I I I I I I I I I I 
N.,86 I 1,I,Hml,IDrorlhan. I( 0.0051( O.OOSI( O.OOsl( 0.0051 ( O.OOsl( D.0051( D.DOSI( D.ODSI( O.OOSI( D.0051( O.OOSI( 
Oct-Olll.l·OlChloro.lh.n. I( G.OIOI( O.OIDI! 0.0101 ( D.OIOI( 0.0101 ( 0.0101 o.olll( 0.0101 ( UIOI( O.OIOI! O.OIOI( 
Apr-DI: 1,l-Dl(hlororlhanr I( D.OIDI( MIOI( 0.0101 ( D.OIDI( 0.0101( 0.0101 o.ml! 0.0101( 0.010 ( 0.0101( 0.0101 
OtH4:I.I·O"hloro,lhlnf I( 0.0101 ( D.OIOIC G.OIGI( 0.0101 ( O.GIOI! O.OIOle 0.0101( 0.0101( 0.010 (O.DIOI( 0.0101 
Jan 95 I I.I-O.chlorotthm I ( 0.005 I ( O.OO~ I ( O_OO~ I ( 0.0051 ( 0.0051 ( 0.005 I ( 0.0051 ( 0.0051 ( 0.005 ( 0_005 I ( G.005 I 
J""-B5: I.I-OIChlotoPthan. I( 0.0051 ( D.OOSle O.OOSI( 0.0051( D.OOSI( D.OOsl( 0.0051 ( O.OOSI( 0.005 ( D.OOSI( D.0051( 
Jan-06: 1.I-OHhloroelhm I I I I I I I I I I 
AprB611,I-OlChIDmlhanr I I I I I I I I I I I 
NDv-861I,I-OichloroPthm I ( 0.0051 ( 0.0051 ( 0.0051 ( 0.0051 ( 0.0051 ( 0.0051 ( 0.005 I ( 0.0051 ( O.OO~ I ( 0.0051 ( 0.0051 ( 
DtI-BIII,I-DlChlamthm I( 0.010 (0.0101! G.DIOI( D_OIDI( D.OIOI( 0.0101 ( D.OIDI! D.OIOI( 0.0101! 0.0101 ( O.OIOle 
Apr'OI I 1,I-OHhIDro.th.nr I( 0.010 ! 0.0101 ( O.OIDI( O.OIOI! 0.0101 ( 0.0101 ( 0.0101( O.DIOle o.olOI( D.OIOI( 0.0101 
Ott·91I 1.I-OichlarD.lh,n, I! 0.010 ( 0.0101 ( o.olOI( GoOlD I ( 0.0101 ( 0.0101( 0.0101 ( 0.0101 ( O.DIOI( 0.0101( 0.0101 
Jan-951I,I-Oarhloro.thm I( 0.005 (O.OOSI( O.OOSI( 0.0051 ( 0.0051 ( 0.0051( 0.0051( 0.0051 ( 0.0051 ( O.OOSI( 0.0051 
JunBSII,I-DlthlorDPlhm I( 0.005 (O.OOSI( O,OOSI( O.OOSI( O,OOSI( 0.OD51( 0.0051 ( O.OOSI( O.OOSI( O.OoSI( O.OOSI( 
Jan9611,1-Olthlorntthe" I I I I I I I I I I I 
Apr-0611.1-0Irhloro.lhm I I I I I I I I I I I 
No, 96 II,I-DHhloro.lht" (0.005 0.0051 ( 0.0051 ( 0.005 I ( 0.0051 ( 0.0051 ( 0.0051 ( 0.005 I ( 0.0051 ( 0.0051 ( 0.0051 ( 
No,-86 I Hula~o~' { 0.010 { 0.010 I ( 0.010 I { 0.010 I { O.GIG I ( 0.010 I < O.MO I ( 0.010 I ( 0.010 I ( 0.010 I ( 0.010 1 ( 
Nod6 I AIIII,"," 133 1lI I m I 569 I 2b9 I 9.5 I 481 I 302 I m I m I m I 
Nov.a61 Amm, DIU. ( 0.005 (0.005 I ( 0.0051 ( O.OOS I ( 0.0051 ( 0.005 I ( 0.0051 ( 0.0051 ( 0.0051 ( 0.0051 ( 0.0051 ( 
Orl-B31Irsrnlt.lotal I I I I I I I I I 
Apr-SI:A'lenlt.lolli O.OOB ( 0.0051 ( O.OOSI( D.OOSI( D.OOSI( 0.0051< 0.0051 ( O.OOSI! O.OOSI( 0.0051 ( 0.0051 
Oel-91lAmnlt,Iolll I I I I I I I I I I 
JIn-8S:AmnIC,IolaJ I I I I I I I I I I 
Jun·95 I ArmlC, 101.1 I I I I I I I I I I 
J'n8bIAmnlC.lotal I I I I I I I I I I 
Apr.96:Armll,lohl I I I I I I I I 
Nov-96I Ar!enIC,IolaJ I I I I( 0.0051 I I I 
NDV"86 I hnut, Diu 0.0901 0.0401 0.1191 0.1051 0.0751 0.0511 0.1651 0.0111 0.0111 G.OSB 0.0991 
NDv-961 SarlUl. lohl I I I I I 0.0991 I I I 
Dtl-Bl: Bmm IP 0.010 I 0.012 I O.02IIP 0.010 I P 0.0101 ( 0.010 I P 0.0101 P 0.0101 0.0141 ( 0.010 P O.OIOIP 
Apr-BIIB.mn. I( 0.0101 ( 0.0101 ( 0.0101 ( MIOI( 0.0101 ( 0.0101 ( 0.0101( 0.0101 O.O"I( 0.010 0.0101 
OrHllhn/m I( O.OIOI( 0.0101( 0.0101( 0.0101 ( O.OIOI( O.OIOI( O.OIDI( 0.0101 ( 0.0101 ( 0.010 0.0101 
Jln9SIB.nlPn. IP 0.0051P 0.0051P 0.0051P 0.0051 ( 0.0051 O.023IP 0.0051P 0.0051' 0.0051 0.0061 0.0051 
Jun-95I 9fAltne I ( 0.0051 ( 0.0051 ( O.OOS I ( 0.0051 ( 0.0051 ( 0.0051 ( 0.0051 ( O.OO~ I I 0.0051 ( 0.005 ( 0.0051 ( 
J.n-96 I Denlfn. I I I I I 1 I I 1 
Apr·0618enanf I I I I I I I I I I 
No, B6 I 8m.n. I ( 0.005 I ( o,oO~ I ( 0.005 I ( O.OO~ I ( 0.005 I ( 0.005 I ( 0.005 I ( 0.005 I ( 0.005 I (0.005 ( 0.005 I ( 
Oet 03 I 81!t2pthvlhelyllPhlhlhlel I I I I I I I I I I 
Apr 0' : 81!1l.thvthmllfhlhalat.1 0.018 I ( 0.010 I ( 0.010 I 0.00( t 0.08( I 0.010 I 0.14 I 0.058 I O.on I 0.019 I O.on I 
Oct-al I BI!t2,IhVlhuyllPhlhiiahi 0.0021 ( 0.0021 ( 0.0171 (0.0021 0.0031 0.0051 0.008 I 0.0041 0.0091 0.0011 0.001 I 
JI0-95 I O.112,lhvlh,'vllPhihalll.1 (0.000011 (0.0000110.000011 (0.000011 (0.000011 (0.060011 (0.00001 f (0.000011 (G.OOOOII (0.000011 (0.000011 
Jun·9S I OIl12.lhylhuyIlPhlhdat.1 ( 0.005 I ( 0.005 I (0.00001 I 0.0030 I 0.0032 I (0.00001 I 0.0036 I 0.00191 O.OOllI 0.00411 0.0010 I 
Jin 96 I OllllelhvlhmllPhlhlhhl I I I I I I I I I I I 
~pr-06 I BI!12.lhvlh •• yIlPhlhallhl I I I I I I I I I I I 
MDv-96IBII12.lh,lhmIIPhlhllal,( 1 I I I I I I I I I I 
Nav-B6Itldllul,Dm. 1(0.000110.000410.000910.00061(0.000110.00051 0.00011 0.00041 0.00051 0.00061 0.00021 

" mnl -ot d.l,rt,d UIJnO dtt.clion 11111 Ihoo.; P mnl ,rmnl hi Itloo drhction lititl IS mns Insullirhnl mph Pm I 

O.OIDI( 
I( 
I( 
I( 

O.OOSI( 
I 
I 

O.OOSI( 
O.OIDI( 

I( 
I( 
I( 

0.0051< 
I 
I 

G.OOSI( 
D.OIOI( 

I( 
I( 
I( 

0.0051< 
I 
I 

0.0051 ( 
0.01011 

2111 
O.OOSI( 

0.091 

G.OIO 

I 0.0271 
I 0.0981 
I 0.069 
I( 0.005 I 

0.0101 
0.0101 
0.0101 
0.0051 
O.OOSI( 0.0051 0.011 

I I 
I ( Q.OO~ I 

O.OOSI( D.005 
0.0101 

0.1l 
0.010 
0.010 
0.010 
0.005 

( O.OOSI( 
I 

0.0051 
0.0051 

0.0101 
0.0101 
0.0051 
0.0051( 0.005 

I 
Ie 0.005 

G.OOSI( O.OOS 
0.0101 
0.0101 
0.0101 
0.0051 
0.005 I ( O.OO~ 

I 

0.005 ( 
I 
I( 

0.01'1 ( 
0.0101 
0.0101 
0.0101 
0.0051 
O.OOSI( 

I 
I( 

O.OOSI( 
&.OIOI! 

1911 

0.00' I( 

O.OOSI( 
f 

O.OO~ 0.005 I ( 
0.010 (O.OIOI( 
m 1561 

0.005 ( O.OOSI( 

I 
I 
I 
I 

O.OOSI( 
I( 

0_0051 
0.0051 ( 

I 
I 
I 
I 

O.OOSI( 
I( 

0.0051 
0.0051 ( 
0.0101 ( 

2601 
0.0051 ( 

0.0051 ( 0.005 I 
I I 
I I 

0.0051 
0.00651 

t 
0.00511 

I 
I 
I 

0.0051 
0.0051 

0_0051 
0.0051 

I 
0.0051 
O.OIDI 

5111 
0.0051 

I 

I I I 
I I 'I 
I I I 
I I I 

0.0611 0.0001 0.071 0.092: 0.0601 
I I I 

0.0101 IP 0.010 I I 
0.0101 I( 0.010 I I 

( 0.0101 I( 0.010 I I 
0.00591 I 0.0101 I I 

0.005 ( O.OOSI( O.OOsl( 0.0051 ( D.OOSI( 0.0051 
I f I I( 0.0051 

I I( 0.0051 I( 0.0051 I 
O.OOSI! D.0051( O.OOSI( O.OOSI( O.OOSI( 0.0051 

I I I I I I 
I o.ml I 0.211 I t 
I 0.0111 I 0.0051 I I 
1(0.000011 1(0_000011 I I 

0.00591 0.002&1 0.001610.000621 0.001010.000911 
I I I I I I 
I I I I I I 
I 1 I I 1 I 

0.00051 0.00091(0.00011 0.00041(0.00011 0.00091 

7I-AW81 



• • 
Alphabfhcil Su .... y of Conllhlupnh Orhclrd In It lusl One Slipl. fro, NIROP Ground Miler thuicil Anilys!! ',qlll 1251.01 

Oalt I Parae~tpr : 1-5 I 1-0 I I-PC IN I 2-0 I 2-Pt , 3-5 I S-O I HC I I-S I 1-0 I HC I ,-s I 5-0 I 6-S I 6-0 I 1-5 
~ ~ ~ ~ ~ ~ ... ~ ~ ... -_. -~ _ ... ~~ ~~- ....... -.............. -........ _---------- ........................................... "'-- ............. ------------ -_ .. -_ ........ "" .. ~ .. "' ............................... --------_ ... _------ --_ .................................................. -........... -...... -------.. ---- ----_ ....... _-_ .................... 

Ocl-Bl:C.dtluI.lolIl I 0.00851 0.0061 0.00211 0.00131 0.00311 0.0011 I 0.0016 I 0.00331 0.00l! I 0.0019 0.00191 0.001' 0.00681 0.00621 I 

Apr -94 : C~dl'UI. lotal 0.00161 0.0033 0.0017 I 0.0041 I 0.0011 I O.OOlll 0.00101 0.0044 0.0092 0.0021 0.00151 0.0017 0.00171 I 

Ot\·B4:C.d ..... lolll I I I I I I I I I 

Jan9SIC.dtlul.lolal I I I I I I I I I 

Jun·BSIC.dtluI,lolal I 1 1 1 1 I 1 1 I 

J.n·Bblt.dtlu"lolal I I 1 1 I I I I I 

Apr-B6IC.dllUl,Iotll 1 I I 1 I I I I I 

Ho,abICad'lu.,lol" I I I I I 0.00141 I I I 

Ho,-BbIClloul,Din. 101 86.0 BI.51 1691 110 I 21.11 1511 m 110 61.9 99.31 90.' m 111 ml 102 2161 

".,·86 I £lIclu •• 10111 I I I I 1691 I I I 

H.,-96IChlond, 19.5 30.9 58.41 4.51 41.71 59.71 4.81 22.6 SI,I 4.2 12.61 75.6 50.0 S.2 32.11 12.5 IB.71 

Del B3 I Chlorolore I! 0.010 0,010 0.010 I P 0.010 I ( 0.010 I P 0.0101( 0.0101( 0.010 0.010 P 0.010 0.010 I ( 0.010 0.010 0.0101 I 

Apr-QIICh!oroIDr. I( 0.010 0.010 ( 0.01011 0.010 I ( 0.010 I ( 0.0101( 0.010 I ( 0.010 0.010 0.010 0.0101 0.0101 0.0101 I I 

Ocl-91IChlorDlor. I( 0.010 0.010 • ( 0.010 I ( 0.010 I ( O.OIOI( 0.010 I ( 0.0101 ( 0.010 0.010 0.010 0.0101 0.0101 0.0101 I I 

Jon-aSIChlorolor' I( 0.005 0.005 I ( O.OOSI( 0.005 I ( O.oOSI( 0.0051 ( O.OOSI( 0.005 0.005 0.005 0.005 I 0.0051 0.0051 I I 

Jun-Q5I ChlDrolor. I 0.0011 0.00l61( 0.005 I ( 0.005 I ( 0.005 I ( 0.0051( O.Oosl( 0.005 0.005 0.005 0.0051( 0.005 0.OD51( 0.005 0.0051 ( 0.005 I ( 0.0051 

Jln-8bI Chlorolorl I I I I I I I I I I( 0.0051 

Apr-B6I Chlorolor. I I I I I I I I( 0.005 I( 0.0051 I 

Nov-86lChlorolOlt I( 0.005 ( 0.005 I ( 0.005 I ( 0.005 I I 0.0051( 0.005 I ( 0.0051 ( 0.005 I ( O.OOSI( 0.005 0.005 I ( 0.005 D.00511 0.005 O.OOSI( 0.005 ( 0.0051 

HOI 86 I Chlom., Oh~. I 0.005 0.002 I 0.002 I 0.0031 0.001 I 0.0021 0.0031 0.001 0.0021 0.002 O.OOII( 0.001 0.0021 0.002 0.0011( 0.001 0.0021 

Ocl-83 ChrDII •• ,lohl 0.017 0.0011 0.0111 0.051 I O.DOI 0.0071 0.020 0.008 0.0031 0.013 0.0051 0.003 0.0131 0.040 I 

Apr 81 throliut, '0101 0.0111 0.0011 0.011 I 0.0291 0.005 O.OOb I 0.011 o.m 0.019 0.009 O.OOB 0.0061 0.021 I 

Oc.-81 ChIDtIU.,IDIlI I I I I I 

J.n85 ChrDmt,lDhl I I I I I 

Jun·as ChrD,iu.,IDhl I I I I I I 

Jana6 Chlomt.lolal I I I I I I 

Apl-86 ChlDIIU,,'DIiI I I I I I I 

Hov-96 [hrotiu.,lohl I I I I 0.009 I I 

011·93 CIII,1-DICh\omlhm I I I I I I 

Apr-81 Cnl,2-0lChlor.e.h.ne 0.010 I ( 0.010 I ( 0.010 O.OIOI( 0.010 ( 0.0101 0.076 0.010 0.010 0.010 0.010 ( 0.0101 0." 
Otl-81 Cul,l-D,chiolo.lhen. 0.0101( 0.010 I ( 0.010 0.010 ( 0.010 0.0141 0.001 ( 0.010 0.010 0.010 0,010 ( 0.010 I 0.011 

Jan-as Cisl.Hlchlom.hm I I I I I 

Jun-B51 Cn 1,1-DlChlorotth.ne I I I I I 

J.n-B6ICIII.2-0Hhioloplh.n. I I I I I I 

Apr·86I ClI1,2-0ichloro.,hPne I I I I I 

Ho,-96 I Cn 1,1-Dllhloloelhene ( 0.005 I ( 0.OO51( 0.005 ( 0.005 0.005 ( 0.0051 0,29 ( 0.005 O.ooSI( 0.005 ( 0.005 ( 0.005 ( 0.005 0.005 0.S9 ( 0.OO51( 0.005 

"0.-B6I e.pprl,OIll. O.OOII( 0.001 I 0.005 0.008 MOil o.oOl I O.OOll 0.006 o.oOll o.m ( 0.001 0.002 0.001 0.001 ( 0.001 0.0091 O.OOl 

Ocl-Oll tDpper.loUI 0.054 I 0.0101 0.001 0.214 0.0211 0.0121 0.0811 0.011 0.0111 0.021 0.012 ( 0.001 0.010 0.002 I 

Apr'OII COPPff, lohl 0.019 0.056 I 0.011 0.060 0.0291 0.0191 0.0261 0.053 0.0311 0.011 0.056 0.018 0.023 I 

Dcl·9'ICopper,101a1 I I I I I I 

Jln-85lCopprr,lolil I I I I I I I 

Jun-95IC.pplr,I.1I1 I I I I I I I 

Jon-Ob Itopp.,. 1."1 I I I I I I 

Apr-06 ICoPp."10111 I I I I I I 

Ho,-061 Copp." lolal I I 0.0211 I I I I I 

Ocl-91 I Elhvlbmtnt I( 0.010 0.010 I ( 0.010 0.010 I ( 0.010 I ( 0.0101 0.0311( 0.010 0.0101( 0.010 0.0101( 0.0101 ( 0.010 ( 0.0101 I 

Apr-91lEthvlbenttne I( 0.010 0,010 I ( 0.010 0.010 I ( 0.0101( 0.0101 o.ml( 0,010 MIOI( 0.010 0.0101 I( 0.010 ( 0.0101 I 

Ocl-81IEthvlbenun. I( 0.010 0.010 I ( 0.010 0.010 I ( 0.010 I ( 0.010 I P 0.0101( 0.010 O.OIOI! 0.010 0.0101 I( 0.0101 ( 0.0101 I 

J.n-05I Eth>lb.nt.ne I( 0.005 O.OOSI( 0.005 0.OO51( 0.005 I ( 0.0051( 0.005 I ( 0.005 0.0051 ( 0.005 0.0051 I( 0.0051 ( 0.0051 I 

Jun851f1hylbfnIPne I( 0,005 0.005 I ( 0.005 0.005 I ( 0.005 I ( O.OOSI( O.DOSI( 0.005 0.OO51( 0.005 0.005 I ! 0.0051! O.oOSI! G.OOSI( O.OOSI( O.OOSI( 0.005 

Jan8bl[th,lbPnlOnf I I I I I I I I I I I I I( 0.005 

Apr-B~ 1 Ethylb,nm. I I I I I I I I I I I( 0.005 I II 0.0051 

Nov-66lmvlbrnane I( 0.005 I ( 0.005 I ( 0.005 ( 0.005 I ( 0.0051 ( o.oosle 0.005 I ( O.OOSI( O,OOSI( O.OOSI( 0.005 I ( O.OOSI! O.OOSI( O,OOSI( 0.OD51( 0.005 I ( 0.005 

No,·Bbll"d. Om. I! 0,001 I I 0.001 I 0.002 0.001 I ( 0.0011 0.0011 O.OOll( 0.0011 0.0011( G.OOII( G.OOII( 0.001 I ( 0.001 I ( 0.0011 0.0021 0.003 I 0.002 

.' mnl not d,\t,I,d ulinq dfhclion Ii.it sh •• n; P ttln! p"sen' bul brloN dehction Ihill IS lOaM Insuffichn. Sliph Plge2 21-Apr-B7 



• • 
A1ph,bel,c.1 S .. uq 01 ConSlhtu.nls O.trd.d i. 01 Lust On! Suph Frol HIRDP Ground N.hr Che,inl AnalVIn tl!1I1 1251.01 

Oat. : Paruehr I 1-5 I I-D I HC I 2-S I 2-D I 2-Pt I H I H \ He \ 4-S I H \ Ht \ s-s I 5-Q t 6-S I 60 7-S 
_________________________ .. _ ...... ___ ..... _ .... __ ........................... ....... _____ .... _ ......... __ ... ______ ...... "' ........ _____ .... ___ ........ M _____ .... " ............ _ .. _____ ............... _ ...... ______ ....... _~ ....... _ ............ _ ...... _ .. .............. ----.................... -----................ --......... ----- ..... -- ............. "'-------

Dcl-B! I Iud, lotal 
Apr 84 I lud, 101.1 
Otl84 I Iud, lot.1 
Jan 85: lud. tnt .. t 
Jun as: Lud, 10101 
hn 96: lud, lolal 
Apral Il •• d, lolal 
H~,.gb: Iud. 101.1 
Ho, a~: N.gnmuI, 0,,,. 
Hoyi61 hng,n.,e, Doss, 
Oct-a! I Ka"gl"e~e, lolal 
Apr-BII "anglnne, lotal 
Oct-BII "ang.nne,Iotal 
J"-8S I Nlnga •• ,., 10101 
Jun-85 I N,ng.nn" 10101 
Jan-BbI Nang.n.!., lotal 
Apr-B6 I ""9.n05!. lOhl 
Noy-96 I ",'ganeu, lotal 
Noy-86 I Nm.ry, Oiss, 
Oct-BJI N.,curV, 10111 
Ap,-91IN",ur"Iol .. 
Oct-B'INmur"lohl 
Jan-9SINorcurv,lold 
Jun-85 1 Kereury, lolal 
Jan-B! I Kmurl, lotal 
Apr -9~ I "m.r., 10111 
Hoy-86I N,rcu", Iota I 
Ocl-BIIHoth,lmChloridt 
Apr-SIIKtlhrlrntChlorld, 
Ocl-8' I "rthv"n. Chlorld. 
Jan-9SI"elhvl'n.Chlo"d. 
Jun 951 "olhyhntChiorld. 
J.n-96I KelhlentChlDrtdt 
Ap,-86I "flhvhnrChloridt 
Mo,-B6INelhllmChiorid. 
No.-B6IN,cltl,Ous. 
Ocl-9l: MIChl, rohl 
AprS! I Michl,Iotll 
Ocl·BI I N,ck.l.lohl 
Jan-8S: NlChl,lolal 
Jun-85I Mltlel,lnhl 
JIn-86: MIChl, lOhl 
Apr-B!INickrl.lolIl 
Nov-96IH,ck.I,Iotal 
Ho,-B6I N,I,."-Mlt,ogrn 
Oct BJ I PCtl141 
Ao,911ml1l2 
Ocl-B'IPC81242 
Jan-BS: m 1112 
Jun-9S:PC81111 
Jan-06 I PCB 12'1 
Ap,861PC012l2 
Nov-06 I PCB 1112 
Ocl-81I PtOI2'B 

o.ml 
0.011' 
0.0911 
O.Olll 
0.0101 

I 
I 
I 

20.21 
1,071 
1.991 

o.ml( 0.0011 0.3341 0.0251 0.0031 0.08ll 0.0231 o.D011 0.0711 0,0131 0.0021 0.0181 I 
0.0191 0,1701 O.OIBI 0.0071 O.OISI 0.0101 0.0711 0.0461 0,0191 0.0111 I 0,0091 I 
0.0131 0.0901 0.1191 0.0111 0.0291 0.063\ O.OIBI 0,0351 0.058 0,0l21 I 0_0111 I 
0,0111 0.05BI 0.0931 0.0101 0.0111 0.0151 0.02'1 o.ml 0.020 0.0161 I unl I 
o.m I O.OIB I 0.29ft 0,023 I O.on: 0.0261 0,01'1 0.011 I 0.00' 0,019 I 0.0261 0.0221 0.166 I 

I I I I I I I I \ I I \ 
I I I I I I I I \ 0.0611 

I \ I I I 0,\11 I I I I I I I 
lUI 15,01 lUI 5\,61 10,11 10.1 I 4$,51 5UI 1", IB.41 15,91 lUI 61.11 

0.090 I 0.016 I 0.198 I 0,392 I 0,002 I 1.01 I 0-076 I 0,0~2 I 0.005 0.362 I 0.210 I 0,593 I 0.100 I 
0.152 I 0,001 I 6.59 I 0.091 I 0.021 I I.IB I 0,01~ I 0.076 I 0.116 0.093 I O.m I 2.7' I I 

I ; I I I I I I J I 

0.1421 
0.0221 
0.221 I 
0.0731 
0.2911 

\ 
I 
I 

39.11 
0,5611 
6.5'1 

I I 
UBI 
1,761 
1,\51 

0,0951 0.7151 I,B91 o.ml o.m: 2.121 0.1001 0.1091 0.130 0.2311 I 2.311 I 2,31' 
0.061 I 0.7051 1,401 O.lI! I D.m: 1.121 0,0901 0,1021 o.m 0.362 I I 3.861 I 1.16 
0.0651 D.9111 !,901 0.516 o.ml 3.16 0-0011 0.1391 1.811 0.0931 0.1241 1.091 0_3121 4,28 

I I I I I I I I I I I 
I I I I I I f I 1 0,1391 

I I I 1,56 I I I I I I 
1<0.0001 I (o.cOOl I (0,0004 1<0.00011(0.0001 (0.00011(0.0001 (0,00011<0.00011(0.00011(0.0001 (0,00011(0.00011(0.00011(0.0001 
I I I I I I I I I I I 
1(0,00011(0.00011(0,00011(0,00151(0,000' 0.00081 o,om (0,000'1(0.00011 0.00011 0.0001 1(0.00011 I O.OOOB 
I I I I I r 1 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 J I I I 
I I I I , I I I' I I 
I I I I I 1(0.0004 I I I I I I I 
IP O.OIOIP 0.0101( 0.0101 11,01 0.011 I 6.01 0.010 0.0301 0.011 I O,BOI( 0.010 P 0.0101 ( 0.0101 I( 0.0101 
I( 0.0101 ( 0.0101 0,0l21( 0.0101 0.0101 0.0211 0,0611( 0,0101 0.1I1( 0.0101 0,013 I( 0.0101 I( 0.0101 
I( 0,0101 O.OUI( 0.0101 O.029IP 0.0101 0.201 O,I3IP 0,0101 0,0121 0,0111 0.14 0.0291 I 0.0101 
I 0,10 I 0.11 I P 0,005 I P 0,005 I 0,83 I 0.012 I 0.0067 I ( 0,0005 I 0.0065 I 0.0~5 I P 0.0005 t 0.011' I 0.026 I 

I 
1 I 

0.0161 0.0091 
I 0.1011 

o.ml I 
I • I 

17.61 27.11 
0.3301 1.01\ 

I I 
I I 
I I 
I 1 

0.1611 21.501 
I 9,lOI 

0.5011 I 
I 1 

(0.00011(0,00011 
I r 
I I 
I 
\ 
I 
1 

1 

I 
I 
\ 
I 
I 
I 
I 

I ( 0.005 I ( 0.005 I 0.1& I 0.0057 I ( 0,005 1« 0.005 I 00P15 I ( 0,005 I ( 0.005 I ( O.OO~ I (0,005 0.019 I ( 0,005 I ( 0.005 I ( 0.005 I ( 0.005 0.0051 
0.0051 

I 
( O.OO~ I 

I I I I I I I \ I I I I I \ I 
I I I I I I I I I I 1 I I( 0.0051 I( 0,005 
I 0,0Il I ( 0.005 I ( 0.005 I ( o.oo~ I ( 0.005 I ( 0.001 I ( 0.005 1 ( O.ooS 1 ( 0.00' 1 I 0.00' I (0.005 0.005 I ( 0,005 I ( 0.005 1 1 0.005 I ( 0.005 
I 0.0091 o.oOl I 1 0.00\ I 0,005 I 0,002 0,0011 I 0.001 0,004 I ( 0.001 I 0,009 (0,001 0,0111 0.012 \ ( 0,001 I 0.025 I 0.043 
I I I I I I I I I I I I 

0.021 I 0,03 I 0.008 I 0.107 I 0,05] 0.005 I O.on 0,01 I 0,048 I 0.017 0.006 \ 0.018 I I 0.019 I 
\ I I I I I I \ \ I 
\ I I I \ 1 1 I I 
\ I I I I I I \ I 
I I I 1 I I I I I 
I I 1 I I J / I I 
I I \ O,OIB I \ \ I I I 

I 1 : 0.2091 I,ll/ 0.1601 1,11 I 0.0601 6,56 I 0,1061 2.661 I I o.m: 
1(0.00011(0.0001110.0001110.00011(0.0001 (0.00011(0.0001 (0.00011(0.0001110.0001 (0.00011(0,00011(0.00011 110.0001 I I 
110.00021(0.00021(0,00021(0.0002110,00021(0.00021(0.0002 10.00021(0.00021(0.0002 (0.00021 /(0,00021 1(0.00021 I 
I 0.00051 0,00021 O.OOOJ I (0.00021 (0,0002 I 0,00051(0.00021 0,00011 O.OOOll 0.00021(0.00021 '0.00011 I 0.00021 I 

0.0121 
I 
I 
I 
I 
I 
I 
I 
I 

1.291 

1<0.00021(0.00021(0.0002110.00021(0,00021(0.00021(0.0002110,00021(0.0002110.00021(0.00021 1(0.00021 1(0_00021 I I 
1(0.0002110.00021(0.0001110,0001110.0002110,00021(0.00021(0.00021(0,00021(0,00021(0.00021(0,0002110.0002\10.00021(0,0002110.00021(0.00021 

I I I I I I I I I I I 1 I I 1(0.00021 
I I I I I I , I I I 110,00011 1(0.00021 I 

I I I I \ J I I 1 I I 1 I 1 I I I I 
\(0.0001 1(0,0001\(0,0001110,00011(0,00011(0.0001 1(0,00011(0.00011(0.00011(0.00011 10,00011(0,00011(0.00011 110,00011 I I 
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Alphabet 11.1 SUII.r, of CO",lIllo.n15 O.hd.d in.t L ... t On. SlIph fr.t NIRoP Ground hh. thfliul Rnily,,, Ilqlll 1251.01 

O.h I Par •• eler II-S 11-0 I I-PC 12-5 12-0 I HC 13-S 1 J-D I HC II-S 11-0 I HC 15-S 15-0 16-5 16-D 11-S 
_____ ...... " ..................... _.M_ .. ___ .. _~ ____ .. _ ............. __________________ ........................... "' .................... _____ ............. ___________ .. --- .. --................. -................................. -............. --------------------------- ............. - ......... - ............... -- .... -- .. ---------------------

AprS' I PCB II'S 
orl-Ol I ~CB 1219 
JanOS I PCO IllS 
Jun-OSIPC8I24B 
J.n-B6IPCBI1!B 
Apr-B6:rCBI2,a 
N.,96:PCBI1'9 
Ocl·BlIPCBIl54 
Apr 9' I reB Il~1 
Od·84 I PCB 1m 
Jan-OSlmlm 
Jun-BSIPCBI25' 
Ju-B6I PCBtlS4 
Apr 96 I PCB 125' 
Mo,-06 I PCB 125' 
Orl93 PCBmo 
Apr-BI PCBmo 
Del 9' PCB 1160 
J.n·95 mmo 
Jun-BS PCBI260 
Jan-B6 pce \260 
Rpr-a6 PCB 1260 
Nod6 pumo 
Nov-96 rolasuu •• Ois5. 
Nov·B6 S.lrniu •• Ol5s. 
Nnv·96 S,I.niu.,lohl 
No,96 S,Iv.r.Ous. 
Or\ 8l S.lver.lohl 
Apr-a, S.I, .. ,lolal 
Ocl-04IS.I""lolai 
J,,'95 I Silver. lotal 
Jun-B5ISllm.lolal 
JIn·B6I Sllm,lotal 
Apr·B6 I S,lvrr.!ol" 
No,·96: Slim. lohl 
Nod6 I Sodiul. Dm. 
Nov-B6 I Sulhlfl 
Otl B~ I hlrarhlo"lh'nI 
Apr'Ol I rllm~lotflhtn' 
Uti BI I hl'lIhlorelhpn. 
Jan-OS! lelruhlo,.th, •• 
Jun-O~: I!lmhlorelhtn. 
J,"-O~ I hlr"hlo .. lh •• , 
AgrB6:letmhlo,elhtn. 
N.,-0611.lrjchlorethen. 
Oel·Sl: toe 
ADrBI I lOt 
Oc\·BIIIOC 
lin 9~ : lOt 
Jon·SS: lOC 
Jo096110C 
Aw96 I IDe 
Nov-S61lOt 
OCI-Utlolm. 

( 0.0002 I ( 0.0002 I ( 0.0002 
{O.OOOl:(0.00021(0.OO02 
{ 0.0002 I ( 0.0002 I ( 0.0002 
(0.00021(0.00011(0.0002 

( 0.0002 I ( 0.0002 I (0.0002 (0.0002 I ( 0.0002 I 0.0004 I ( 0.0002 I ( 0.0002 I 1(0.00021 (0.0002 I 
I ( 0.0002 I ( 0.0002 I (0.0001 (0.0002 I ( 0.0002 I 0.0002 I ( 0.0002 I ( 0.0002 I 1(0.00021 (0.0002 

( 0.0002 I ( 0.0002 I (0.0002 (0.0002 I ( 0.0002 I ( 0.0002 I ( 0.0002 I ( 0.0002 1(0_00021 (0.0002 I I 
( 0.0001 I ( 0.0002 I (0.0002 (0.0002 I ( 0.0002 I ( 0.0002 I ( 0.0002 I ( 0.0002 (0.00021(0.00021(0.0002 (0.0002 (0.00021(0.00021 

1(0.00021 I I I I I I I I 

I 
I 

1 I I I I I I 1(0.0002 (0.00021 I 

{O.0015 I (0.0001 1(0.0001 
(0.00021(0.00021(0.0002 
(0.00021(0.00021(0.0002 
( 0.0002: 0.0005 I 0.0003 

I I I I I I 
( 0.0001 I ( 0.0001 I (0.0001 (0.0001 I ( 0.0001 I ( 0.0001 I ( 0.0001 I ( 0.0001 
( 0.0002 I ( 0.0002 I (0.0002 (0.0002 I ( 0.0002 I ( 0.0002 I ( 0.0002 I ( 0.0002 
(0.00021(0.00021(0.0002 (0.00021(0.00021(0.00021(0.00011(0.0002 

0_0011 I 0.0002 I 0.0005 0.0007 I 0.0003 I 0.0003 I 0.0001 I ( 0.0002 

I 
(0.0001 (0.00011 

(0.00021 
(0.00021 

0.00021 

(0.0001 
(0.0002 
(0.0002 
(0.0002 

I I 
I I 
I I 

, (O.OOM : ( 0.0002 I (0.0002 ( 0.0002 I ( 0.0002 I (0.0002 (0.0002 I ( 0.0002 I ( 0.0002 I ( 0.0002 I ( 0.0002 (0.0002 (0.0002 I ( 0.0002 (0.0002 (0.0002 

I 
I 

(0.00021 

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

I I I I I I I I 
I ( 0.0002 
I 

(0.0002 
(0.00011 

I 
I 
I (0.0001 (0_00011 (0.0001 

(0.0002 
(0.0002 

I ( 0.0001 : ( 0.0001 I ( 0.0001 I ( 0.0001 
1(0.00021(0.00011(0.00021(0.0002 
I { 0.0002 I ( 0.0002 I ( 0.0002 I ( 0.0002 
1(0.00021(0.00021(0.00021(0.0002 
I ( 0.0002 I ( 0.0002 I ( 0.0002 I ( 0.0002 

( 0.0001 I ( 0.0001 I ( 0.0001 I ( 0.0001 I ( 0.0001 I ( 0.0001 I ( 0.0001 
(0.00021(0.00021(0.00021(0.00021(0.00021(0.00021(0.0001 
( 0.0002 I ( 0.0002 I ( 0.0002 I ( 0.0002 I ( 0.0002 I ( 0.0002 I ( 0.0011 
( 0.0002 I ( 0_0002 I ( 0.0002 1 ( 0.0002 I ( 0.0002 I ( 0.0002 I ( 0.0002 
( 0.0002 I ( 0.0002 I ( 0.0002 I ( 0.0002 I ( 0.0002 I ( 0.0002 I ( 0.0002 

( 0.0002 I 
(0.00021 
(0.00021 (0.0002 I 

(0.0002 (0.00021(0.0002 (0.0002 (0.0002 (0.00021 

I I I I I I I I I I I I (0.00021 

I I I I I I I I I 1(0.0002 (0.0002 I 

I I I I I I I I 

J.n I 2.201 3.2BI 3.69 
0.005 ( 0.005 

I 
2.611 

0.005 I ( 
I 

36.BI USI 2.201 2.621 2.791 2.43 3.521 1.671 2.74 1.00 2.141 2.931 
0.0051 

I 
I( 0.0051( 0.0051 ( O.OO~ I ( 0.005 I ( 0.005 I ( 0.005 I ( 0.005 I ( 0.005 ( 0.005 I ( 0.005 I ( 0.005 ( 0.005 ( 0.0051 ( 

I I I 
I 0.0051 0.0011 0.002 
I( 0.001 IC 0.0011( 0.001 
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( 0.005 

( O.OOS 
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I 

I 
I 
I 
I 
I 
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1291 
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0.0101( 
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0.005 I ( 
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I 
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I 
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0.0101 ( 
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0.0051 ( 

I 
I 

0.0051( 
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9.91 

I 
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5.99 
56.3 

0.010 
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0.005 
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( 0.0011( 
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I 
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IlO 
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I I I 
I I 
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I 

'.91 
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0.0051 ( 

I 

UB 
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0.010 
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I 

11.5 
".2 

0.010 
0.010 
0.010 
O.OOS 

( 0.005 

0.005 ( 0.005 I < 0.005 ( 
I 
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15.21 

I 
D.0051( 
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1.71 

0.005 I ( 0.005 I ( 
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I I I I I I 

I I I I 1 I 1 I 

I 
IP 0.0101 

1 I I I I I I I I 
I I I I I I I I I 
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I 
0.001 I ( 0.001 I ( 0.001 
0.001 (0.001 I ( 0.001 
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I 

0.005 I ( O.OOS ( 0.005 
30.71 2.3 619.0 
1.01 n.s 

I 
I 
I 
I 
I 
I 

0.010 I ( 0.010 ( 0.010 

0.003 ( 
( 

I( 
I 
I 
I 
I 
I 
I 

3.571 
1841 

IP 
I 
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I( 

0.0051 
I 

0.005 I 
0.0051 

I 
I 
I 
I 
I 
I 
I 
I 
I( 
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0.001 

( O.OOII( 
I 

I 
I 
I 
I 
I 
I 

26.01 
tnl 

0"'01 
0.0421 
0.0301 
0.0051 
O.OlSI( 

I 
I( 

0.201( 
27.61 
11.21 
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I 
I 
I 
I 
I 

0.010 I 
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I 
I 
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I 
I 

15.01 
1161 
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I 

0.005 I ( 
I( 
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0.0051( 
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I 
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I 
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I 
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Alph.b~liul Sunary 01 ton5ltilu~nh Oehctrd in at L •• 11 On. Suplt F,ol NIRDP Brouod V.ltr Chuiul Anllyn, 119111 12'51.01 

Dllp : Par.lelf, I H I 1·0 : HC I 2-S I 2-D I He : loS I 3-D I HC I 4-S I H I HC I 5-S I '-0 I 6-S I 6-D I ,-s 
~w~_· _____ ....... -. __ ... __________ .. "' ..... ______ ..... _ .... _ ... _____ ...................... ____ ........... ,.. ........ -----............... "'----....... --" ...... -----............ - ...... - ............................ --- .......... - ............ --- .................. ----------- .. - ..... ---.... ------.... -- .. ----...... -"' .. --.... -----............ - .... - .. --......... -

Apr-BI: 16lupn. :( 0.0101 ( 0_0101 ( 0.0101( O.OIOI( 0.0101 ( G.OIOI( 0.0101 ( D.OIOI( 0.0101 ( O.OIDI( 0.0101 I( 0.0101 I( 0.0101 

Ocl-911loluent I( o.olOIP O.OIOIP 0.0101 ( 0.0101( O.OIOIP o.olOIP 0.0101 ( 0.0101( O.OIOIP O.OIOIP 0.0101 I( 0.0101 I( 0.0101 

Jan-9S: foluene IP 0.0051 0.00991 0.011 If O.OOSIP 0.0051 0.0201P 0.0051 0.00121 M141( 0.0051 0.00611 I( 0.0051 II 0.0051 

Jun-B51lohent 1< O.OOSI( O.OOSI( G.OOSI< 0.OO51( 0.D051< O.COSI( O.OOSI( 0.0051 O.oml( O.OOSI( 0.0051 0.0I41( D.OOSI( 0.0051( 0.0051 ( 0.0051( 0.0051 

J.n-Ob I 'ol"~n. I I I I 1 I I I I I I I I( 0.0051 

~p,·9b : lolutn. I I I I I I I I I I I I( 0.0051 I( 0.0051 

Nov-Bb: lolupnr I( 0.0051 ( 0.O051( 0.0051( O.OOSI( O.OOS:( 0.0051< D.OoSI! O.OOSI( o.o051! G.ODSI! O.OOSI( O.ODSI( O.OOSI! D.OOSI( O.0051( 0.0051 ( 0.0051 

Otl B,: lroM 1.1-Dlthlo,o.lhen.: ( 0.0101 ( 0.0101 ( O.DIOI( 0.010:( 0.010:( 0.0101 0.0751 ( 0.0101 ( O.OIOI! G.OIOI( 0.0101 ( D.OIOI( 0.0101 I 0.0411 I I 

Apr'BI : lt1ns 1.2-Dlchlo, •• lhtn. I ( O.OIOI( G.OIOI( G.OIOI( MIOI! 0.0101! 0.0101 0.07b:< 0.0101 ( 0.0101 ( 0.0101( 0.0101 I( 0.0101 I 0.151 I 

Oel-Blllf1r,,1.2-DHhIDro.lh'h,l( O.OIDI( O.OIOI! O.OIOI! MIDI! o.olOI( 0.0101 O.OBI I! O.DIOI( O.OIOI! O.OIOI( 0.0101 I( 0.0101 I 0.111 1 

Jan-BS: lransl.2·Dlthloro.lhen.l( O.OO'I( 0.0051< O.DOSI! O.OoSI( D.OOSI( 0.0051 O.ITI! O.OOSI! 0.0051 ( 0.0051 ( 0.0051 I( 0.0051 I( 0.0051 I 

Jun-8S I Inn, 1.2·0Ithlo,o.lhtn. I ( 0.0051< O.OOSI( 0.0051( O.OOSI( O.OOSI( 0.0051 0.0911< O.OOSI( D.0051( O.OOSI( D.OOSI( 0.0051 ( O.OOSI! 0.0051 U9ll( D.OOSI! 0.0051 

J .. -B611"nll,1-0IChlolOflh.n.1 I I I I I I I I I I I I I I( 0.0051 

Apr-B611t1n.,.20Ichlor.flh ••• 1 I I I I I I I I I I I I I( 0.0051 I( 0.0051 I 

Hod61IrlOll.2-0lthlo,o"hPntI( O.OO'I( D.OOSI( O.OO5I( O.OOSI( 0.0051 ( 0.0051 O."I( O.OOSI( 0.0051 ( O.OOSI( 0.0051( G.OOSI( O.OOSI( 0.0051 O.581( 0.0051{ 0.0051 

Ocl-81I l,ifhlororthtOl I( 0.0101( 0.0101( 0.0101 O.lll( 0.0101 0.0671 29.0IP 0.0101 0.0911P O.DIOI( 0.0101 ( G.OIOI( 0.0101 I 1.81 I I 

Ap,BI: Irichlorotlhtnl I( UIOI! 0.0101( 0.0101 0.06al( 0.0101 0.0141 5.01 0.0131 O.OBII( G.OIOI( 0.0101 I( 0.0101 I o. ~I I I 

Oct'BII lmhlo,oelhtnl I( 0.0101( 0.0101 ( 0.0101 0.0611P 0.0101 0.0211 l.lI O.013IP O.OIOI! 0.0101 ( 0.0101 I( 0.0101 I O.BlI I 

J .. -BSI lnchlo,oelhtn, I( O.OOSI{ 0.OD51( 0.0051 0.0601P 0.0051 0.0111 0.631 O.OI1IP G.OOSI( 0.00"( 0.0051 I( 0.0051 I( 0.0051 I 

JunB511,lthlo,o,lhe •• I( O.OOSI! 0.005 I ( 0.0051 0.0691 0.0051 0.00071 0.621 0.0111 ( O.OOSI( O.OOSI( 0.0051( O.OOSI( O.OOSI( 0.0051 0.621 0.0061 0.151 

Jan-8b:lmhloro.thfRI I I I I I I I I I I I I I I I O.lJIl 

Ap,-S61Irithlo,o,lhtn, I I I I I I I I I I( 0.0051 I 0.00611 I 

Moy-86I lmhl.,o.lhtn. I( O.OOSI( O.OOSI( 0.0051 0.0651 O.oon I 0.00531 0.881 0.0121 ( 0.0051 0.0191 ( o.oO!I< U051( D.0051! 0.0051 3.81 0.011 I 0.131 

Nov-86: Iflchlo,olluotDnthane I( 0.0051 ( 0.005:( 0.0051( 0.O051( 0.0051 0.00111( 0.0051 ( O.OOSI! O.OOSI( D.OOSI( O.OOSI( O.OOSI( D.OOSI( 0.0051 ( O.OOSI( o.ml( 0.0051 

Nov-86 : hnc. Oll~. I o.ml 1.251 0.0691 0.8511 0.6601 ( 0.0101 0.1lI1 0.BI21 o.ml 0.634 I 0.1921 0.0961 0.6011 o.6Bll o.ml 0.92ll 1.051 

Ocl .. 91I lin(.l.hl I 1.121 1.OSI( 0.051 3.991 2.911( 0.051 3.611 3.261( 0.051 1.&91 2.071( 0.051 0.4061 I 7.311 I 

A~r-RI I llnc. lolal 0.111 2.151 0.3811 0.1551 O.tnl I.U: 0.541 J.681 I.IlI 1.141 3.1l1 I 0.1571 I l.lll I 

Oc\-Olilinc.lotil 1.681 4.151 1.31: l.141 0.1691 o.ml 1.IVI o.m: 0.1251 6.201 0.9951 I 0.1911 I 2b.&1 f 

J.n-95 I hnt. lot.I Ul61 9.151 1.021 0.6821 1.011 o.ml 1.101 2.131 0.6961 1.311 1.111 I 0.6541 I 2.011 I I 

Jun 95: hnc. lolal 0.2561 2.541 0.2311 3.571 1.111 0.1Il1 l.lIl 1.591 0.1361 l.13 I 0.4611 l.l41 0.419 I 6.021 l.4I1 2.l01 1.16 I 

J,.-86 I 110c, 101,1 I I I I I : I I I I I I I I I I 3.251 

Apr-a6 I hnt. lolal I I I I I I I I I I I r I 4.021 I 5.511 I 

",,-86 III.c. lohl : I : 1.521 I I I I I I I I I I 
::::::!lI::::r=:==!I*::==:=::t::;'l<='t~!I::=:!;'::::::=-::.==::==::=====':tfl::!!:2:::::_:t,,:::====::::==s=:=:=a===:;::=;=:::liI:I:::::::::::::::::::::t::==:::::.:==:::t:=:lII:==II:.=''lIo:::=.:e.',I~ur====:::::::t;.::==r:t::::::=;;:;r!ll::ss#:=.alt:t.:c:::;n;;eI ••• ==:::=I:JI,''t ... iIi:l:a==lII:1:a:;:',IlII''==:II'II':a •• :tea.11:1':;:::;:;#::_ 
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• • 
A1phlbfhul Su .. "y of CO'~Ihtu.nh Orhchd in It hut Onr Snplt Fru HIROP Ground hltr ChPilut Analyltl I.qlll 12~4.01 

Dale : P.rup\er : 7-0 I 8-S I 9-D I 9-5 I 9-0 I 10-5 I II-S I \2-5 I U·g I \I-S I 15'S I 16-S I 17-5 I IB-S I 19-5 I 70-S FHC-ll I 
~ .. ~ ~ ~ ~ ~ ~~ _ ~ ~ ~ __ ." _ ~ _ .. ~ ~ ___ ... w .. " .. " .... ~ .. _ .. _ .. __________________ .. ________ ........ __ .... - ............... ------......................... ---................ - ......... --." .... ----- ......... -- ................. -------.... --- ...... -- .... - .. -----........................... ------ .......... -- ....... "' .... -- .. --- .. ~ ...................... -_ .. _ ........ 

Ocl-9l : 1.1.I-lrtchIDro~lhlnt I ( I I I( 0.0101 

~pr 91 I 1,1.I-lrtchloro.lhlnr I I I I I II 0.0101 

Od-81I 1,1.1-lrtchloro,lhlnt I I I I I I I I( 0.0101 

J.n-BS:I.I.I-lmhlo,.pthAn, I I I J J I I I ) I( 0.0051 

lur,OS: I,LI-lf1Chlo, •• thln. 0.0391 0.391 II 0.00'1 ( 0.0051 I I ) I ) I I I I( 0.0051 

J.n86: I,),I-Irtchloro,thlr,' 0.191 I( D.OOSI( 0.0051 I I I I I I I I I I 

Apr96:J.J.l-Imhloloplh ••• I ( 0.0051 I( 0.0051 I( 0.0051 I I( O.ODSI( O.OOS)( O.OOSI( 0.0051 ( O.OOSI( O.oOSI( O.OOSI( O.oDSI( 0.0051 I 

No,86: I.I.I-frithlor.,th"r :( 0.005: D.OIBI( 0.0051 0.121 0.OOB61( O.OOSI( D.DOSI( D.OOSI( O.OOSI( 0.0051( D.OOSI( 0.0051 ( 0.00'1 ( 0.0051( 0.OO51( 0.0051 ( 0.0051 

Ott·83: 1.I·ottt.loro,lh.nr I I I I I I I I I I I I 0.027: 

Apr-B!: 1,I·Ollhlorotlhan. I I I I I I I I 0.0111 

Ocl-BI: 1,1 Duhloro.lhane I I I I I I I I IP 0.0101 

lin OSl I,I DHhlore,th.n' I I I I I I I I I I 0.0111 

Jun-BSII.I-DuhlorDtlhm I( 0.0051 I 0.0661 I( O.OOSI( 0.005: I I I I I I I 0.00631 

J,n-861I,I·OHhloroplh,n. I I 0.0611 I( O.OOSI( 0.0051 I I I I I I I I I 

Apr-86I 1.I·Dllhlcrctlh.nt I( 0.0051 I( 0.0051 I( 0.0051 I I( O.OOSI( O.OOSI( D.OOSI( D.OOSI( a.ml( 0.00"( D.0051( D.OO"( 0.005 I I 
Nov·B611 ,I-DHhlcr.plh.o. I( 0.0051 o.oml( 0.0051 0.0l51( O.OOSI( D.OOSI( 0.0051 ( O.OOSI( 0.00'1 ( O.OoSI( O.DoSI( 0.0051 ( D.OOSI( o.onl( o.ml( 0.0051 0.00731 

Ocl-91II , I·Duhloretlh.n. I I I I I I I I I I I( 0.0101 

Apr-BIII,I-Dllhlcr •• lh.o. I , I I I I I I I 1 I I( 0.0101 

OclBII I.I-Dlchlomlhm I I I I I I I I I I I( 0.0101 

J.n 85 ILI-DuhlerD.lhtn, I I I I I I I I I I I I( 0.0051 
Jun·051I,I,PHhlore.thp.f I( 0.0051 0.00921 I( O.OOSI( O.OOSI I I I I I I I I( 0.0051 

J.nD61I,I·DithlorDPth.nt I I I o.oml I( O.OOSI( 0.0051 I I I I I I I I I 
Ap,8611.I·Dichlomthtnf I( 0.0051 I( O.OMI I( o.ml I I( O.OOSI( O.OOSI( 0.0051( 0.005 O.OOSI( 0.00'1 ( O.OOSI( O.OOSI( 0.0051 I 

NDVB611,IDllhiorotlhln, I( O.DOSI( O.ODSI( 0.00'1 ( O.OOSI( O,OOSI( O.oOSI( O.OOSI( D.0051( 0.00'1 ( 0.0051( 0.005 D.OOSI( 0.00'1 ( o.ml( D,OO' I ( O.OOSI( 0.0051 

No,9612-iuh.M. :( 0.0101( 0.0101( O.OIOI( 0.0101 ( G,OIOII a.OIOI( 0.010:( 0.010 I ( 0.01011 MIOI( 0.010 O.OIDI( O.OJOII O.OIOI( O.OIOI( 0.0101( 0.0101 

Nn.·86 I Alhllnlh lOll 1691 2611 1361 3621 1931 1261 4111 3141 3931 m ml 45BI 3021 2641 1901 5041 

ND,·B6: Arunn, 0155. I( O.OOSI( O.OOSI( O.DOSI( D.0051( O.DOSI( D.OOSI( O.OOSI( O.ODSI( O.OOSI( O.OOSI 0.011 O.DOSI( O.OOSI( O.OOSI( D.DOSI( O.OoSI( 0.0051 

ael-Sll ArsenIC, I.IJI I I I I I I I I I I I I 1 I 

Apr81lA,mlt,Iohl I I I I I 1 I I I I II 0.00'1 
Od-811 Arsenn,l.tal 1 I I I I I I I I I 
J.n8S I Arl,nic. lohl I I I I 1 I I I I 
Jun 85 I ArlfnJC. lohl I I I I I I I 1 
J.n·86: A'ltnH. lotal I I I 1 1 I I I 
Apr·86 I Ars,nll , IDIJI I I I I I I I I I I 

No,-96IA'lfnic. fDIII I 0.0231 I I I I I 0.0451 I I I I I I 

Np,·86:alflU •• Ol55 0.1111 0.0121 0.0901 0.1091 0.0611 0,0791 0.106: 0.0641 D.On I 0.0911 0.1361 o.ml 0.0501 0.0951 0.0321 0.0551 0.1281 

NOI·86 I Darm,lotal I 1 O.ml 1 I I I 0.1121 I I I I I 

Od·811 Benr.n. 1 I I I I I 1 I I I I I 0.0101 

Ao,·B' I B.ou., I I I I I I I I I I I( 0.0101 

Ott-81IDe'an. I I I I I I I I I I I I( 0.0101 

J •• 8sla ...... I I I I I I I I I 1 I 1 I 0.00691 

Jun 85 I B.nnn, I( 0.0051 l( o.ml I( D.OOSI( 0.0051 I I I I I I I I I( 0.0051 

J"'B6 I 8'0"" I I( 0.0051 I( O.OOSI( 0.0051 I I I I I I I I I 

Apr·B6IBe.,.n. :( 0.0051 0.00521 0.0051 I I( 0.0051 ( D.OOSI( D.DOSI( 0.0051( D.OOSI( 0.0051 ( D.onl< 0.0051 ( 0.0051 

Ho,-9b I 8tnl .. ' I ( o.MSI( O.OOSI( D,OOSI( O.OOSI( D.OOSI( D.0051( O.OOSI( O.OOSI( O.OOSI( O.OOSI( O.OOSI( 0.0051 O,DObSI( 0.0051( O.OOSI( O.OOSI( 0.0051 

Oel·BII BII12,thvlh"YII~hthd.hl I I f I I I I I I I I f I I I I 
Apr-BI181112rlhylh .. yllfhlhlhhl I I I I I I I I I I I I 1 I 0.0191 
·Oct-BI: Bl512pthylhuylIPhth.llhl I 1 I I I I I I I I 0.0131 

Jon·aS I BI~ll,thylhuYmhth.labl I I I I I I I I I I 1(0.00001 I 

Jun9518ul2.th,lh."mhlh.llbl 1(0.000011 1(0.000011 0.000331 O.OOOBOI I I I I I I I 1(0.000011 

J,,-06IBIII,.lhylh •• yllfhlhlllltl I I I I I I I I I I I I I 
Apr-96: 8uI2tlhylhPlyIlFhlh.hl.l I I I I I I I I I I I I I I I I 
MDd6I BII12rthylhmilPhlhlllhi I I I I I I I I I I I I I I I I 
ND"B6 I CldIlU.,OI ... 0.00021 0.00091 0.00011 0.00061 0.00071 0.00061(0.0001 I 0.00101 0.00111 0.00211 0.00081 0.00101 0.00061 0.00051 0.00211 0.00091 0.00011 

. '.'0' 'QI Ipt,(I,~ ""3 lolp·h,n Ii"t \hown; f .uns pr!s,nl bul b,I.N del.cllM Ihill IS IUn! Insulfltlenl ~ .. plf Pig., lHpr-87 



• • 
Mph.b~II,,1 Sum,y 01 CDnslllturnh Oettlhd in II l.1I1 0 .. Snph frol MIROP Ground hhr theaiu\ AOIlysn Ilg/ll 1154,01 

Dalf IParaleter I 1-0 : 8-S : 9-0 I 9-S I 9-D I 10-S I II-S I IH I U-S I II-S I 15-S I 16-5 I U-g I 18-S I 19-5 I 20-S I fllC-33 I 
• ~ ~ ~ M ~ ~_ ~M ~ ~. ~ ~ ~~ ~ M~ ~_ ~~~~ ~_~ .. ~ .... ~ ...... _~ .... ________ .. _ .. ______ .. ~_M~ __________ .. ~~ ..... _ .. _ .... __________ .... ___ ...... .. _ .. _ .. ~ ____ ~ ..................... __ ~ ___ ............ _ .............. w .. "" ...... ____ ....... - ........ ., ............... --- ____ ow'""' .... - ..... -- ...... -----..... - ..... ~ .. ~~- .... - .... ------~~~-~ ........... 

Orl-Sl i C.duuI, r.td I I I I 0.001l1 

~pr B4 I C.dml, 10111 I I I I O.OO~f I 

Oll-BI :e.dml.loill I I I I I 

Jan-B5I C.dIIUI, Inlll I I I I I 

Jun-BS I CadOlul. 10hl I I I I I I 

J.n·Bb I C.dIIUI, lohl I I f I I I I 

~pr ·B6 I C.dllUI, 10111 I I I I I I I I I I I I 

Nod6:Cadllul,10lal I I 0.0031 I : I I I I 0.01911 I I I I I 
No,BbiC.ltlUI,DI ... Ill: III I 1131 III 1221 tH I 15BI ml 1511 !VOl 1591 1081 1101 ml U.OI b6.01 20BI 

No.-96 I C,IIIUI. 10101 I I5t I I I I I 1011 I I I I I I 

N.,B6:ChlorJde 16.01 5.91 11.11 15.2 42.91 36.61 23.21 4$.11 13.11 ~B.8 I 15.01 4.61 lUI 26.61 54.&1 15.11 12.91 

OII·BlIChl.,Dlort I I I I I I I I I I I( 0.0101 

Apr-OIIChla,o'o" I I I I I I I I 1< 0.0101 

Od-Sf I Chiorolo'l I I I I I I I I I I I( 0.0101 

J.n·B5I Chl.r.'ofl I I I I I I I I I I I I I I( 0.00" 

Jun-BSIChlo,.I." I( 0.0051 I( 0.0051 I( O.OOSI( 0.0051 I I I I I I I I( 0.0051 

Jan-B6lChloralora I II 0.0051 I( 0.005 < 0.0051 I I I I I I I I I 1 

Apr-B6IChl.rof.rt I( 0.0051 I( 0.0051 I( 0.0051 I( O.OOSI( O.OOSI! O.OOSI( O.0051( O.OOSI( O.DOSI! O.OOSI( D.OOSI! 0.0051 I 

" • .-BII Chl.ro'ora I( O.oosl( O.OOSI( O.OOSI( D.ODSI( O.OOSI( 0.005 ( O.OOSI( O.OOSI( G.OOSI( G.ODSI( O.OOSI( 0.005 I ( 0.0051 ( D.OOSI( D.OOSI( O.OOSI! 0,0051 

Ho,·96 I Chroml, Du,. 0.0021 0.0021 0.0021 0.0031 0.0021 0.001 O.OOII( 0.0011( 0.0011( 0.0011 0.0021 0.001 O.OOll 0.0021 0.0021 0.0011 0.0011 

Olt·BII ChrOllul.Tolal I I I I I I I I I 0.0011 

Ap,-OIICh,olluI,lola\ I I I I I I , I 0.0041 

Oel-84 I Ch'.lln, lohl I I I J 1 I I I 

Jln-BS I Chroml, l.hl I I I I I I 

Jun-iSI Ch'OIl.I. 1.101 I , I I 1 1 

J ... 86 I Ch'.liuI. lohl I I I 1 I I 

Apr-s!: Chr •• I.I. I.hl I , I , I 

No,·96 I Chrallut, 10hl 0.2&11 , I 0.0111 I I f 

OtlBI:CI.1.2·Dlthloro.lh,nt I I I I I I I 

AwBI I CIII,2-0Hhlor •• th.n. I I I I f I 0.0961 

Otl-BII ChI.2·DichlomlheD. 
, I I I I O.lll 

Jln-B5ICIII,2-DlChlo,o.th,nt I I f I I I I 

Jun-s'ICII1.2-0ichioro.lhen, J I , 1 I I I I I 

JanB6 I CIS 1.2-0IChl.rotlheni I I I I I I I I I I 

Apr-B6:CII1.2·Dlthlomlhm I , I I I I I I I I I I I 

No,·B6ICul,1·DlChloro,lhon, I( 0.0051 0.211 0.0401 0.$41 0.0281 0.Ol61 O.onll 0.005 I ( 0.005 ( O.OOSI( o.oOSI( 0.0051 0,0211 0.l31( O.OOSI( 0.0051 0.1t I 

No,B6 ICopp.r, Dm. 0.0011 0.0031 0.0021 0.0051 0.0021 0.0051 0.0021 0.0071 0.006 0.0021 0.0021 0.0041 0.0031 0.0011 0.0011 0.0041 0,0021 

Ocl·BlICoPPfI,l.hl I I I I I I I I I I O.OOBI 

Ap,-04 I Copper. lolil I I I I I I I I 0.0321 

0[184:Copp".lolal I I I I I I I I 

J,n-BSICopprr,lolai I I I I I I 1 I f 

Jun-B5ICoppe,.I.1a1 I I I , I I I I 
J,n'B61 Cappe,.Tohl I I I I I I I I 

Ap,-96ICoppe',lohl I I I I I I I I 

Ho,·B6 I COpptr, 10111 O.ml I 1 0.0091 I I I I 
Ort-allElhylbennnl 1 1 I I I I I I 0.111 

Apr-BIIElh,lbfrol.ne I I I I I I I I I I 0.061 : 

OclBllElhvlbrnme I I I I I I I I I I 0.0991 

llo-8SI milbfOlm I I f I f f I , , 1 I( 0.0051 

Jun'051 Hhvlbtnnn. I( 0.0051 \( 0.0051 I( O.ODSI( 0.0051 I I I I I 0.0161 

J.n-B6I !lh,lbtnlene I I I( 0.0051 I( 0.0051( 0.0051 I I I I I I 

Apr'B61E1h,lbPOlonp I( 0.0051 I( 0.0051 I( 0.0051 I 'I O.OOSI( 0.0051 ( 0.0051 ( 0.005 I! 0.0051( 0.005 0.0051 ( O.OOSI( 0.0051 I 

Hov-B6Im,lb •• /m I( O.Oost( 0.0051( MOSI( 0.OD5 t ( G.GOSI( MOSI( O.OOSI( O.OOSI! G.OOSI! 0.005'( D.OOSI( 0.0051 ( 0.005 O.OOSI! 0.D051( O.OOSI( 0.0051 

Ho' 96 I Iud, ~in. 0.O021( 0.001 I 0.0021 0.0031 0.0111 0.0051( 0.0011 0.0011 0.0051 0.0011, 0,0011 0.0011 0.005 0.0011 0.0091 0.0011 0.0031 

( .. m not d.tertpd umq d.lertlM Jill! ~hD.nl P IPlns prmnl but bPlo. detl[lion 11011; IS ..ans insulfldent suph P19. 7 2l-Apr-Bl 



• • 
Alph.belml Sumrv of Con~lhlUfnts Oel.ehd h allusiOn. S .. pl. Frol MIROP Ground W.ter Chuleal Analvses ,",111 12~UI 

Dah : PI" •• ler : 7-0 : a-s : 8-0 : '-S 19-D 110-5 : II-S 1'2-S I IS-S III-S liS-51 I&-S 117-5 11a-s II9-S 120-S fftC-13 I 
~ ~ ~ M ~ ~ ~ ~ ~ ~ ¥ ~ ~ ~ _ ~ __ ~ ~ _~ .. ~ __ .. _~ __ ~ ____ ............. - -- ---_ ......... __ .......... _ .............................. __ ............... ____ .......................... "' ...... -_ .. --- ........................ ----..................... - .............. ---- ..................... - ..... ---- .. - ......... - .......... - ..... ----- .. - .......... -- .... -- -----............................... - ----

Ocl-Ol :ltad.lnlll I I I I I I I 0.0"; 

~pr-94 : lead. lohl I I I I I I I I 0.0511 

Oct 94: lud. 10101 I I I I I I I I I O.OlOI 

Jan'OS: lead. lohl I I I I I I I I I 0.0211 

Jun-B5:leld.lolol 0.1541 0.0541 I 0.1091 0.0611 I I I I I I I 0.0101 

J.n-Bbllud.l.IoI 0.0351 I 0.040; 0.0101 I I I I I I I I I I 

Apr·6b lleld. 10111 0.0341 0.1121 I 0.0611 I I 0.3661 n.ml 0.1011 o.oS41 O.onl 0.0&01 0.1201 0.0911 0.1511 I 

Mo,·Obllud,lotal I I 0.1741 I I I I 0.1141 I I I I I I 

No,-96I n'9n",uI,OIIl. 52.41 31.01 51.91 11.01 49.21 50.81 5B.II 33.81 lb.tl 33.81 51.41 29.01 51.91 5\.11 10.01 11.21 51.4; 

Hoy-B6 1 ",nganes., OU!. O.1Ol1 1.911 0.100: 0.0261 0.1421 '.591 0.0011 '.201 1.501 0.8761 1.96. •• 011 0.188 0.9201 o.olll 0.088: 1.001 

Oct·Oll"an,.n",.I.lal I I I I I I I I I I 1 0.9511 

Apr-9! 1 "I09.n ... , 10111 I I I I I I I I I I I 

Od-B! '"anq.nm.Totil I I I I I I I 
• 

I I 0.4111 

hn·BS, "Ingln.s., 10111 I I I I I I I 
• 

I I 0.5191 

Jun-05IH"9·nfS •• Told II .• I 2.011 8.741 5.001 • I I I I I I 0.9!1 

J.n-O& I ".nqlnm, 10111 I • 
•• 301 I 9.591 2.n I I I I I I I I I 

Apr-8bl"lhg.n.".Iotol I 0.6951 0.9831 I o.ml '0.71 1.991 o.m: 2.121 1.641 '.46 1.381 0.6221 1.711 I 

Noy-a6Inang.nes,.Iolal I I 2.511 I 1 I I 2.161 I J I 
Noy-96 I Hetcurv. Om. 1(0.00041(0.0004 (0.00041(0.00041(0.00041(0.00011(0.00041(0.0004'(0.00011(0.00041(0.00011(0.00041(0.0001 (0.00011(0.00011(0.0004 (O.OOM I 

Oc\-BlI"mury,lohl I 1 I I I I I I I I 

Apr-al I Hercur" lold I I I I I I I 0.00121 

Oel-OIIHmury,lohl I I I I I J I I 

Jan-05:Hmuq.lolal I I I I I I I I 

Jun'OS ,nereurv, lolal I I I I I I I 
J.n-06IHmurv.rotai I I I I I I I I 

Apr-86lftmury,lolal I I I I I I • I I I 

Noy-86' Mercury. 10101 1(0.00041 I I 
• 

1(0.00041 I 
• 

I I 

Oet,U I H,lh/l.n.Chlorld. I I I I I I I I I 0.0101 

Apr-BI I ".thy" .. thlol1df I I I I I I I • I I I 0.0101 

Dtl-al,H.thylrn,ChIOfldt I I I I I I I I I 0.121 

hn-BS'M.lh,lmthloridf I I I 1 I • I I I I I 00181 

Jun-85 I "rlhyJpn.[hlorid. ( 0.0051 I( 0.0051 I( O.OOSI( 0.0051 I I I I I I 0.01&1 

J.n'8bI H,lhvltn.Chlond. I I( 0.0051 I( O.OOSI( 0.0051 I I I I I I I I I 

Ap,·06IH.lhyl.n.Chlond. I( 0.005 I( 0.0051 I( 0.0051 I I( 0.00'1 ( O.OOS'( 0.005: O.OOS61( O.OOSI( G.OOSI( O.OOSI( O.OOSI( 0.0051 I 

Nnv-96 : "elh~ltne thlorid, I( 0.005 ( 0.0051 ( O.OOSI( O.OOSI( o.ml( O.OOSI( O.OOSI( O.OOSI( 0.0051 ( O.OOSI( O.OOSI( O.OOSI( G.OOSI( O.OOSI( O,OOSI( 0.0051 ( 0.0051 

No,-96: Rlrhl, Om. I< 0.00. G.OSlI( MOII( 0.0011 0.00'1 0.032: 0.0011 0.0061 0.0131 O.Olll( 0.0011 0.0051 O.OO!I( 0.0011( 0.0011 O,OOll( 0.0011 

Oct OJ: MHItI. 10h' I I I I I I I 
• 

I 1 1 1 f I I 
~pr-BI I Muhl, lold I I I • 

I I I I I I 0.0031 

Otl·B4 I Nuhl,lotal I I I I I I 1 I I I I I I 

J.n-95:Hici,I,TolIl f 1 I 1 1 1 I I I 
Jun·95I MHltl, lohl I I I I I I I I 

hn·D! I Nuiel. lola I I I I I I 
• 

1 I 1 I 

Apr·96 1 Nithl, I.hl I I I 1 I I I I I I I I 

Mov-96:Nicltl,IOlal 1 I I o.m I I I I • O.onl I 1 I I 

Mo,-Db: Nllra,,-Nltrng.n O.Olll 1.691 0.0221 3.92 o.ml 0.205: 0.B031 6.051 2.091 17.0 0.0281 0.1101 2.02 0.01&1 2.141 0.4311 0.0201 

OtHIIPC8.lI2 1 I I 1 I I I I I 1 1(0.0001 I 

Apr-OIIPC91212 I I 
• 

I I I 1 1(0.00021 

OtIBIIP[81l12 I I • I I I 1(0.00021 

Jin-85:PC8Im I I I I I I I • I I I 1(0.00021 

JunB5 I PCS 1111 1(0.00021 1(0.0002 1(0.00021(0.00021 1 I I 1(0.00021 

J,n961mml 1 1(0.0002 1(&.00021 (0.00021 
• 

I I 1 I I I 

Apr '06 I PC8 Il!l 1(0.00021 1(0.00021 (0,00021 I (0.00021 Brohn 1(0.0002 (0.00021(0.00021(0.0002 (0.00021(0.00021(0.00021 

Nnv·86 I PCB 1212 I I I I I I I I 1 I I I 

Otl-81 I PC8 1249 I I I I I I I 1 I 1(0.00011 

( ... ns nol leheled USing dehelion lillt shoMn; P lun! prt~tnl but hI'OM dehclion lioill IS Ims Inluflluenl snph Pig.S 21-Apr-81 



• • 
Alphabetical Sunary of CO"~ltllu •• h Detrctrd in .1 lrlll D.' SI.pl. fro. NJRDP Sround Md., ChPited A.llyUS l.glII 1251.01 

D," I Pat .. ~I~r : 7-0 I 9-S I 9-0 I 9-S I 9-0 I 10-S I II-S I I2-S I IH I II-S : 15-S I 16'S I 17-5 I 19-5 I 19-5 I 20-S I F"t-l3 1 

Ap,-91 I PC81710 I I 1(0_00021 

Otl-BllmmO I I I { 0.0002 I 

JanOS:PC81l1B I : I I I J 1(0.00021 

Juo-95 I PC9 I1IB I ( 0.0002 I 1(0.00021 1(0.00011(0.00021 I 1(0.00021 

J,n-9~ : pce illS 1(0.0002: 1(0.00021(0.00021 I I I 1 I 1 I 

~p,-Bb:mmO 1(0.0002: 1(0.00021 I ( 0.0002 I I I (0.0002 18rohn 1(0.00021(0.00021(0.00021(0.00021(0.00021(0.00021(0.0002: 

Hod~: PCBI1IB I I I I I I I 

On-DllrCel2SI : I I 1(0.0001 

il!;r-81 : ~C8 1251 I I I \(0_0002 

OtHI:m1254 I I I I 1(0.0002 

Jan-85:mlm I I I I : I I 1 1(0.0002 

Jun-B~ : PCB 1251 1(0.00021 1(0.00021 I ( MOO? \ ( 0.0002 I I I I 1(0.0002 

Jan86:mlm I 1(0.00021 :(0.0002:(0.00021 I I I I I I 

Ap, O~ I m 1151 1(0.00021 1(0.00021 I ( 0.0002 I I I (0.0002 Ilrohn (0.00021(0.00071(0.0002 (0.0002 (0.00021(0.0002110.00071 

Ho,.g~ : PC9 11~1 I I I I I I I I I I I I 

Orl·B1IPCBI160 I I I I I I I I I I I ( 0.0001 

Ao,-91 1 PCB 1260 I I I I I I I 1(0.0002 

OdBI: PC91260 I I I I I :(0.0002 

Jln-8S: PCB 1160 I I I I I 1(0.0001 

Jun-8S: PCB mo 1(0.00021 1(0.00021 (0.00021(0.00021 I I I :<0.0002 

Jan-Bb I PCB 1260 I I I :CO.00021 (0.0002:(0.00021 I I I I I 

Apr-8&: Ptl mo I ( 0.0002 I 1 C 0.0002 I 1(0.0002 I ( 0.0002 I B,oien ( 0.0002 I C 0.0007 I ( 0.0002 ( 0.0002 ( 0.0002 (0.00021(0.00071 I 

Mo.-B6:PC81260 1 I I I I I , I 

"0,-96 I Polmiue. Oi~s. 4.751 1.711 4.'1 : 5.19 I 1.52 lob7: 3.971 1.611 3006 1.91: 4.92 I l.28 3.85 2.87 2.221 1.221 3.361 

Ho,-86: S,hniul. Dis~. I( 0.005 I ( O.OOSI( 0.0051 o.o191( 0.005 0.0051 ( O.OOSI( O.OOSI( O.OOS 0.008 : ( O.OOS I ( 0.005 ( 0.005 C O.oos O.OOSI( O.OOSI( 0.0051 

No,-96:Spl.nlul,lolli I I I 0.076 I I I( 0.005 I I I I I I 

Nod61 Slim, Dm. I( 0.001 0.0021C o.oOllC 0.0011 0.002 O.OOII( 0.0011 0.001 I ( 0.001 ( 0.001 I ( 0.001 I 0.003 I ( 0.0011 0.002 0.0021 ( O.OOII( 0.0011 

O[I-Bl:Silm.lolal I I I I J I I I I I IC 0.050 I 

Apr-BI:SII,.,.lotli I I I I I I I I I I( 0.0011 

Od-81 I SII.pr, lohl I I I I I I I I I 

Jln-B5: SI ..... lohl I I I I I I I I I 

Jun-9S I Sltm. lot II I I I I I I I I 

lan-86 I SII'PI.lolil I I 1 I I I I I I 

Apr-B6:Sllm.lotai I I I I I I I 
Nod6 1 SIlver. lotll 0.0011 I I I 0.001 I I I I I I 

No,-8~ 1 Sodlu., DIn. 9.36 6.091 11.01 28.21 19.5 I 16.51 7.141 17.1 6.501 5.17 10.61 1.111 16.81 8.181 41.11 '.151 1.19 

No.-861 Sulhhs 251 1831 2121 91.11 1891 21\: lUI .5&.4 2191 164 3181 59.51 llSl 4221 26.81 72.41 171 

Ocl-91 1 hl,athlolPth~nt I I I I I I I I I 0.021 

Apr-el: hlrathlotflhrnt I I I I I I I I :( 0.010 

Od-Ol 1 hlrachlot.lhtnt I I I I 1 I I I I I( 0.010 

J,n-051Ittmhlotfthenr I I I I I I I I I IP 0.005 

Jun·95Ilrlr,chiDtrth.nr I 0.046 I 0.221 I( O.OOSI( 0.0051 I I I I I I 0.0051 

Jln-8&: htlithiolPlhfnf 1 I 0.211 II D.OOSlC 0.0051 I I I I I I 
Ap,-B&II.I,athlot.lhtn. I( 0.005 : I( 0.005 1 ( 0.0051 I( 0.005 ! O.oD51! 0.005 ( D.0051( 0.005 I ( 0.005 I ( 0.005 O.OOSI! 0.0051 

Modb: 1.lmhlot.lh~nf I( 0.005 I 0.01b1( 0.005: 0.12 ( O.oOSIC 0.005:( 0.005 I ( 0.005 ( 0.005 I ( 0.0051( 0.005 I ( 0.005 I ( O.ODSI( 0.005 D.OOSI( 0.OD51( 0.005 

Oct-BlllOt I I I I I I I I I I I ).61 

Ap,-elllOt I I I I I I I I I I I 4.51 

Od 9' Iloe I I I I I I I I I 

J,n-B5110r I I I I I I I I I 
J,n85110C : I I I I I I I 
Jan-Ob: 10C I I I I I I I 
Air -9~ I IDe I I I I I 
Ho, 86 I lOt I I I I I 

Otl-Ol:lolutn. I I I I II 0.010 I 

( .un~ nol drlrtl.d U51"Q delection Ihit shoO"1 P luns ptts!nt but hlo. drlnlion Ihltl IS .nns inlUfllchn\ suplt Plqt' 21-Apr-D1 
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AlphabetICal S"I"'I 01 [on .. ltt.onto De\tcl.d 1ft II Lpul On. Supl, FIOI NIRDP Ground Waltr tho.HoI A.alyn, Iog/Jl 1154.01 

D.h : hra.elrr : 7-0 I O-S : 0-0 I H I 9-D I 10-S I II·S I I2-S I IH I 11-5 I 15-5 I 16-5 I I1-S I IS'S I 19-5 I 20-S I F"C-l1 I 
-~-~------~~-.--~-------.. -................. ---... --....... -- .......... --...................... _ ....... -....... _ .... _ .. _------------_ .... _------_ .. -..... ---................................................................ ------------------------- .... --------............. -.. ~ ..... --- ................ -... -.............. --.... -----------------... 

Apd4: loloen. I I I , I I I( 0.0101 

0,H4:Iolu,n. I I I I I I IP 0.0101 

hn·e~ Ilo!upn, I I I I , I I I I I( 0.0051 

Jun-85:1olupne I I( 0.0051 I( 0.0051 I( 0.0051( 0.0051 I : I I I I I( 0.0051 

Ja"Ob: lolurn. I I I( 0.0051 I( 0.0051 ( 0.0051 I I I I I I I I 

Apr-eb:lo!.pn. II 0.005! I( 0.0051 I 0.00821 II D.0051! 0.O051! D.OOSI( D.DOSI! 0.005 D.OOSI( D.DDSI( D.OOSI( 0.0051 I 

Nodb: 10Iul', I( D.ODSI( O.DOSI( D.OoSI( O.OOSI( 0.OO51( 0.005:( O.OOSI( D.005I( O.OoSI( 0.0051 ( O.oOSI( 0.005 0.005:( D.OOSI( O.DOSI( 0.0051 ( 0.0051 

Orl-OJ: lransI.2·Olrhloro!thrn.: I I I I I I I I I I 0.121 

Apr-BI I InM 1.l-01lhhroelhene I I 1 I 1 I 1 I 1 1 1 0.0961 

Ocl-a4: Ira". 1.2-Dlchloroelh.n. I I I I I I I o.n I 

J.n-051Iransl.2-0IChloro.th.n,! I I I I I I I 0.101 

Jun-6Silunll.2·0I<hloIOllhl.t! ~.,q \ 0.501 1 o.m: 0.0361 I 1 1 1 I 1 I 0.11 1 

Jan-9b: IlInJl.2-DIChloroithtn.' I I 0.511 I 0.0121 0.0l41 I I I I I I I I 

Apr·9~ : lrans 1.2-0Hhlo,o!th,,, I C O.OOSI 0.039: I o.olll IC 0.0051C 0.0051! 0.0051 ( 0.0051 ( 0.005 0.0.4 1 UIC O.OOSIC 0.00'1 I 

Mo,-a! I l'IMI.2-0Ithioroelhtn, 1 ( 0.0051 0.24 0.0491 0.141 o.m! 0.0361 G.OllI( C.OOSI( G.GOSI! o.oOSI( O.OOSI( 0.0051 U2l1 0.311( MOS 1 ( 0.0051 0.111 

Oct-9!IImhloro,thtn. I I I I I I I I I I I I I 37.01 

AwBllr,ichlo,o.lh.n, I I I I I I I I I I I I I I I 2.91 

Ocl·OI llruhtoro.thpn, I I I I I I I I I I I I I I I "., 
J.n·B51Imhloto.lhfn, I I I I I I I I 1 I I I I I 2.11 

Jun·9'llmhlorofthpn, I '.0 I 1.21 I 0.151 0.0351 I I I I I I I I I 2.61 

Jan·961Imhlo,orlhm I '.21 1 O.UlI 0.04" I I I I I I I I I I 
Apr-B&I It,,hlo,opth.n. I( 0.005 5.7 I 0.251 I I( G.OOSI( 0.0051( 0.0051 0.0171 0.0961 0.191 7.91 0.0421( 0.0051 I 

No,-8& I Inchioro.lhlh' I( 0.005 9.2 10.7 I.BI 0.&51 0.21 I 0.Ol21( O.OOSI( 0.0051 ( 0.0051 0.00111 0.111 0.0971 1.531 O.OBBI( 0.0051 1.11 

Nod6I Irlchlo,olluoro.,lhinr I( 0.005 ( G.005 ( 0.005 ( O.OOSIC a.OOSI( O.OOSIC O.ooSIC G.OO51( G.GOSIC O.GOSI( O.OOSI( O.OO5IC O.GOSIC a.60SI( O.MSI( 0.0051< C.GaSI 

ND'I-96 ~ Ii R[, 01 Ii Ii • 1.23 '.12 1.03 0.18" 1.011 0.7351 0.2461 3.811 3.031 3.251 I.B41 2.Bll 2.211 4.71/ 3.1BI 3.101 o.ml 

Oc1-9) I IInc.lohl I I I I I I I I 1 I I I 4.091 

Aor-Slllm.lohl I I I I I , I I 1 I I I 2.UI 

Dct BI I hne. lohl I I I I I I I I I I I I 1.5&1 

Jan'OS: 1m. 101.1 I I I I I I I I I I I I 0.9191 

Jon-85 I IInc.lohl !.BI. 1.101 I 1.101 1.47/ I I I I I I I I 0.1101 

Jan·B6 I hnc. lolal I 1.051 I 29.01 1.011 I , I I I I I 1 I I 
Apr-B61 1m, 10111 10.41 14.90. I '.431 I I 6.111 6.1l1 17.61 11.'1 6.111 4.Sbl 9.0BI 1.211 '.151 I 

Nod! I hnc, lohl I 1 3.151 I I I I I 25." I I I I I 
:::::::===:lI::::::::===:::=::::::t=::n:.!I'::::IIi1U'::<:;'il:~::~=::I:J:2:t\lr==::r<:;:::::::::::t:::::::::::lI=.:::t=::::::::e::.:==::=:::;===:e-:;=======:=l'==::;.:::::t:::e.:a=tllt •••• a:ll====:r:: •• :.: ... =:II:::=:a::====a::z:=:I •• ::::e •• uz ..... ::ac::.:: ....... c:..zz:I:::t::::rI: •• z:: .. .II2.e::r::::t:l::: ••• 
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D,t, :P.ar.il"t.r I 11 .. 1 , RinB11i1 Rln81121 !rp9ll11 Ir,81121 lfp8\111 !rpD\l11 Dupll I Dupl2 I Dupll I 
~ ~" • ~. _~ ~ •• _ ~ ~ ~ ~~ ~ w ~. ~ ~"M""" _____ ~""'""""""""~"~~~" __ """" ............... ~~~~~ ................ ~ .......... ___ ~ .................. ~ __ R~~~ _____ M ...... - ............... ~~ ..... - ....................... ----- ....... 

OrfaJlf.I,Hrlch/oro.lhlR! I 
~pr"SI: 1.I,I·Imhloro.lhanr I I 
Ocl"811I,I.Hmhloroelhln. I( 0.0101 I I 
J,0·85: 1,1.llrrchloro.lh'.f :( 0.005: I I 
Jur."BS: 1,1.I·Irlch/orPlth,n. I I 
J,n·B&:I,I,Hmhloro.lh.n. I I I 
Apr86:I.I,Hrrchloro.lh ••• I( 0.005: I I I I 
Mn,·Bb:I,I,l-Imhioro.lhln! I( 0.0051< 0.0051< 0.005 ( O.OOSI( 0.005 ( 0.0051< 0.005 O.09lI( O.OOSI 
O(l8lll.l·Olchlor.flh.., I I I I I 
~pr 94 : l,t-Olehloro'lh .. I I I I I 
Dcl-91I I.I-D.thlorotthlO' I( 0.010 I I I 
Jln-9S: 1,I-DlChlaro'lhln! I( 0.005 I I 

J •• -85: I.I-Olchlnro.lh ••• I I I 
Jln·9&II,l-DlChloroeth ••• I t I 

Apr-061I,HHhlorofthan. I( 0.005 I I I 

No,-Bbll,I-Ollhl.ro.lhlo, I ( O.OOSI( O.OOSI( 0.005 ( O.OOSI( 0.005:( O.MSI( 0.0051 0.02SI( 0.005 

Otl-8111.I-Dahl.forth.nt I I I I I I 

Apr-Bl: 1,I-DlChtorD.th.ne I I I I I I 
Ocl-BI:I.I·OlChlomlhm I( 0.010 I I I I 

J.n-OSII,!-OlchIDfo.lh.n. I( 0.005 I I I / I 

Jun·B511.Hahlorotlh.ne / I I / I 

Jan 96 I I.I·Dichlororthm I I I I I I 

Apr-Bbll,I-O"hloro.lhenf I( 0.0051 I I I I I I I I 

No,-B61I,H.chlorotthlO. I I( G.005I( O.OOSI( O.OOSI( D.ooSI! O.OOSI( O.OOSI! O.ODSI( O.OOSI( 0.0051 

"0,"9612-90Ilnon. I( 0.0101 ( O.OIOI! G.OIOI( MIOI( 0.0101( 0.0101 ( 0.0t01! o.olOI( 0.0101 

Nod6 I Alhllnltv I( MI( '-OI( 5.01 I I I 1911 4371 ml 

"0,·96: Atuolt. Ous. I( n.OO5I( G.OOSI( 0.0051 I I I( O.OOSI( 0.0051 0.0111 

Ocl-9llArnnlC,10111 I I I I I I I I I 

Ap,-BI: A"pnlt. lohl I I I I I I I I I 

Ocl-BI I Ar~'nlt, 10hl I I I I I I I I 
JI.-051 Amnlc. lohl I I I I I I I I 
Juo-9S I Arsool[, 10tal I I I I I I I 
Jio-9bIA",olc.lotal I I I 1 I I 

Alr-B6 I Arn •• !. lotll 1 I I I I I I 
Mo,-D61 Atl!n.c. 10111 II O.D05 I (M050 I ( 0.0051 I I( 0.0051 0.0061 0.0131 

"0,-8619""',01<' I! 0.0101( 0.0101( 0.0101 I 0.1521 O.IISI 0.\111 

N~,-B6: 8mu., 10111 II O.OIOI! 0.0101 ( 0.0101 I 0.194/ 0.511 0.1601 

Otl-81 I I.""., I / I I I / 

Apr"DII e,nun. I 1 1 1 I I 

Ott-aIISr.lfot I( 0.0101 I I I I 
Jan-aS I 81Oun. I( 0.0051 I I I I 
J.n-9S t 0.o"" I I I I I 

J.n-8619 .. lOn. I I I I 1 I 

Rarab:e •• !!n. I( 0.0051 I I I t I I 

No,.s6I BPnnn. I I! O.OOSI! O.ODSI! O.OOSI( D.OOSI! 0.0051 ( 0.OO51! O.OOSI( 0.005 ( 0.005 

OcHlIBu/2olhvlhflyIlPhthlhl.1 I I I I I I 
~pr-84: 81s11.lhrlhmIJPhlh.hh: I I I 1 I 
OcHII 9I5t2.thvlhe.vIlPhthllll.1 I I I I 
ho·aS I D.s/2.thlh,rvIlPhthlllhl I I I I I 
J.n-aS: 91J11.lhvlherylJPhlhlhlfl I I I I I 

Jln Bb I 911/1fthvlh"II1Phlhlhhl I I I I I I 
~p' Ob I 11,'l.lhylh .. yIIPhlhlllttl I I I I I 1 
Hllv'S6 J Bull.lhllhuyllPhthlllhl I I I I I I I 
NDv-BbltldllUl,DlSs. I I 0.00041(0.00011 0.00021 MOOS I 0.0001 I 0.00081 

, ..aos not dplert.d USlnQ d,tHl1on lillt sho.n; P mns prt,.nt buI brio_ dellctiDn Ihill IS mnl insuHicient !IIpl. '19. 11 21-Apt-81 
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• ,.n' .... "1 lu"'" 01 Consililuonll Detuhd In allust 0 .. Slrpie F'OIN,ROP&,ound V,trr ChulCiI Analvses Ilglll 12~1.O1 

Dah : P"al£lhr I 911n\ I AtnBII11 AinOll71 ftp91111 ",81121 !rpBltll ',p0ll4 , Dupll I Dupl2 I o.pll I 
~W~~~_M _____ ~~~~~"~M~_~WW ____ W_~"' __ " ___ "" _____ """""" ___ ... _______ w ... __ .......... ___ ........ __ ... _ ....... _______ .. ___ .... ________ .. --- .. --........ ----....... - ............... --............... - ...... 

Oel-Oll Cad .... , lold 1 I I I 
Apr-S4Itad .... ,lo'al I I I I 1 
Ocl-SI I Cadolol. lohl I I / I I 
JIn-05IC,dllu.,lotd 1 1 1 I / 
Joo-05 I r,dllo" lohl I I I I I 
J'n-96I Cdll.l, 1.101 I I I I I 
Apr-96I [ld,loI, hhl I / / I I 
Nov 96 I r.dIlOI, lohl I 0.00011 O.OOOSI 0.00051 0.00101 O.oon I o.ol~9 I 
Nov-061[,lclol,Dm. I( D./OOI( O.IOOI( 0.100 I 1511 1181 1511 
"ov-86 I [,IClIII, lohl 1/ 0.11 I( 0.11 I7lI 96.51 3901 
Nov-8& I eMonde II I.OI( I.OI! 1.01 UI lUI 15.11 
Otl-8JIChlor.'ort I I I I I I I 
Apr-84Iehlo,o'o,1 , I I I 1 
0,\-9\\ChI.roIDtI II 0.0101 I I I 
J.n-B5IChlo,oI0,. I( O.OOSI I I I I 

Jun-9SI Chl.,"lo,. I I I I I I I 
J.n-D6I thlorolofl I I I I I I I I 
Apr-96 I Chi orol 0" I( 0.0051 I I I I I I I 
Noy-96I ChI.,olori I I( 0.0051 ( 0.D051( G.GOSI( O.MSI( MOSI! 0.005 I ( 0_OO51! 0.005 I 0.0051 
Nav-Ob IChrallu •• Om. 0.0011 0.0021 0.0021 I I 0.0021 0.002 0.0021 
Ot\-B~ \ thrallut. 1.101 I I I I I I 
Apr-91IChratlUl.rol.1 I I I I I I 
Oct-S41 Ch'.II ••• I.hl I I I I I I 
J,n-95 IChr •• lul. lolal I I I 1 I I 
Jun-Q5 I Chro ... l. laid I I I I I I 
Jan-86 ICh,otlUl. IDlal I I I I I I 
Apr-Bb' Ch,O.'U., lohl 1 I I I 1 I 
"oy-8. \ th,allul,lahl 0.0041 0.0011 0.0021 I 0.0091 0.12!1 0.0091 
Ocl-UICIII.Hlthloto.lh,nl I I I I I I I 
Ap,-SI'CIII.2-Dlthl.mthent I I 1 1 I I I 
DrI-91ICIII,l-DIChlo,o.lh.nt I( 0.0101 I I I I I I I , 
J~n-85 I Cu l.l-0HM.r •• th.n. I I I I I I I I I I I 
Jun-95ICJlI,1-0IChiolo.lhm I 1 I 1 I I I I I I I 
J,n-861 Cis 1.2-0IChI.ro.th ... 1 I I I I I I 1 I I I 
Apr-e. 1 tlll,l-Dichiaro.lhm I 1 I I I I I 1 I I I 
Nov-B6 I en 1,2-Dlchloroehent I I( 0.0051 ( 0.0051 ( D.0051( 0.0051( 0.0051( 0.0051 0.191 0.341( 0.0051 
Hov-S61 COPp.', OUI. 0.0011 0.0091 0.0021 I I 0.0021 0.0011 0.0021 
Ocl-8J I C.pper, Tohl I 1 I I I I I 
Apr 84 I Copp."lohl I I I I I I 
OcH4ICoPPfl ,Iofll I 1 I I I 
Jan-95IC.PPfI,Iolal I I I I I 
Jun-951 toPplt, lolal I I I I 
Jln-06ICapP".lalai I I I I 
Ap,B61CoppPl,IollI I I I 
Nov-96ICopp.r.latal 0.0051 0.0041 0.0071 0.019 I 0.1811 O.OU I 
Ocl-Bl \ Hhjlbtnun, I I I I I 
Ap,-94I£1hvl b!n!en' I I I I 
Od-S41 mvlb.nrm 1< 0.0101 I I I 
Jln-e~ : EthvlbpnlPn, :( 0.0051 I I I 1 
Jun-S5Im/lbe"un. I 1 I I I 
J.n·BbiEtbvlb,n"or I I I I 
Ap,-B6IE1hvl b.nm, I( 0.0051 I I t 1 
Nov-Q~ : £t~llbt.,.., II 0.0051 ( 0.00511 0.0051( 0.0051 ( 0.0051( O.0051( MOSt( 0.0051( 0.0051 
NOY'86I l .. d.DISI. 0.0021 ( 0.0011 eoo021 I I I 0.0031 0.0031 0.0031 

< 'U" nal d,lfthd u"., dlft,hon htlt th."", , IUnt pun.t but btlow .thellon 111111 IS luns tnsulficient suplt '19,12 21-Apr-87 



• • 
Alph.b.I",1 S,""y of ConsllIl •• nls O.hlhd in at h.d On. Supl. fro. N1ROP G,ound W~h, thellul An.lyses "0111 1254.01 

o.t. IP,,, •• t., I 8hnl I RinB11i1 RI.Blk21 I,pBIIl1 I,p9\l21 I,p811l1 I'pBlkl1 Dupll I Oupl2 I Oupl3 I 
............. _----_ .. _ ........ " .... -----...... .., .. --_ .. ---_ .. -_ ................................... _ ............. ---- .... _ ................. -.... __ ...... _---_ ........ -- ... _--_ .......... _--- .. _ ........................... -.... _-_ ...... -_ .... ,. ..... 
Ocl-9l: lud. lohl I 

Apr-81:leod.lotal I 
Oct-94 :tud.lolal I I I 
Jln-aS: t.,d. lohl I I I 
J.n-95I leid.lohl I I I 
Jan-ab I lpad, lohl I I I I 
AW9b I Iud. lohl liS I I I I I 
No,-8b Ilud, lold I I O.0091( 0.001 0.0011 0.Ol31 0.0491 0.0481 
Mo.-86 I n'qn.SlLII. OilS. I( 0_0101( 0.100 0.1001 29.51 S2.8\ 52.41 
No.-B6I H,nq.neu,Oiss. I( o.nOI( O.OlO 0.0301 \.02\ 0.0271 1.991 
Ocl-Blln,nq,n.se,Iolil \ I I I I I 
Apr-BI I nanq ... n, Iohl I I I I I I 
Oct-BI IHlOqlnm, lolal I I I \ I I 
Jan-95 IH,nq • .,se, lolal I I I I \ I I 
Jon-95: ",nQJnn., 10111 I I I I \ I I 
Jan-061 "anq.hfSl,lohl I I I I I I I 
Apr-9b I Han9.nm. lohl liS I I I I I I 

"ov-86 1"'"9"05.,10111 I I( G.OlOI( 0.030 ( O.OlOI 1.551 I.U \ 2.491 
Hov-9&:Hmury.Dm. 110.00011(0.0001 (0.00011 (0.00041(0.00011(0.00041 

DII-BJ I ",rcOI/, 10111 I I I I I 1 I 
Ap,-D4 I "ertu,y, 10111 1 I I 1 

Orl-BI I ",,(Uti, 10111 I I I I I 
Jlo-8SI"murv.ro!iI I I I I 
Jun-D5:Ker(ury,Iold I I I 

Jan-86 I ",'CU,y, lohl I I I 
Ap,-96I "trcurY,TnIlI I I I I I I 
Nov-06I Kmury.lalil 1<0.00011(0.00041(0.00011 (0.00011(0.00011(0.000'1 
Dlt-Bl1 ",lhylln.Chlolld. I I I I I 

Apr 94 1 ".thy"n,thlolld. I I I I 1 
Dct-e'I",lh/I ... thlolld. IP 0.0101 I I I I 
J.n-DSI ".lhvlfo.ChlondP IP 0.0051 I I I I I 
JunDS I "ethylfn.Chlolld. I I I I I 

Jan-D6I "elhv\!n.thlolld. I I I I I 
Apr-B61".thyl ••• Chlorld. 0.013 I I I I I 
Nov·96 I Kethv"n. Chloride O.OOSI( O.OOSI( G.OOSI( O.OOS ( 0.0051< D.OOSI( D.OOSI( 0.0051 ( O.OoSI 
Nov-96 I Michl, Om. 0.0011 0.0011( 0.0011 I( O.OOII( 0.0011( 0.0011 
DeI-Bll Nlthl, lohl I I I I I I I 

Apr-041 NleI.!, lohl I I I I I I 1 

Oct-9' I NIlItt. lohl I I I I I I 
JI.-85I MIChl.lotal I I I I I I 
Ju.-85 I Nithl, lohl I I I I I I 
Jln-9bIHlClfl,10Ial I 1 I I I I 
Apr-BbINu\Pl.lotll I I I I I I 

Hoy·D6 I Mllhl. toll I 0.0111 0.0011 0.0101 I o.ml 0.155 0.0331 
Mo,-06I MI!,,!!-HII,og'. 0.0211 I 0.0211 1.161 1.91 0.0281 
Ocl-Ol Ift9 1141 I I I 
Ao,-a, I PCB 1m I I 

OelS4IPCBll'l I I 
110-95 IP[l 1m I I 
J",,-85 1 P(81141 I I 

J .. -Bblmll'l I 1 
Ap,-96 1 PCB 1241 lIS I I 
NovB61PC81112 I I 
Otl-93 I PC9 1249 I 

( teaM not d.lPrlPd using d.hchon 11,11 shoNnl P lunl , .. ml but belaN d.hllion IIlltl IS mnl Insuffltlenlulplt Paglll II-Apr-S1 



• • 
AlphaMtlul Suoun of CO"IIIiIu.,,1s O.lfthd in II LUlt 0., Suph Fro. "lROP Ground Wahr th •• ital Analyses 119 111 1151.01 

: Bhn. I Ri.BIUI RlnBJU 1 TrpBIlS I Trp B1I21 Trp9113 I TrpBIH I D.pl I I Dupl2 I Dopll I 

Aor-BI : ~C8 1219 I 
Od-B4: rtp IllS I 
J.n-8SlPC81ZIB I 
JunOs:mJl48 I 
Jan-96 : ~CB 1118 I 
Apr-B6:rCBI1IB lIS I 
N.,B6:PC9J21B I 
Oct-BI:PCBI154 I 
Apr-BI :mllS! I 
Od-81: PtB 1251 I 
J,n-BS:Pt8Im I 
Jun-8S:PC9I1S1 I 
Jir.-B6:PC8m4 I 
Apr-B6:PUI154 115 I 
H.y-B6:PC8ml I 
Otl-DlIPCBI160 I 
Apr-BIIPC8mO I 
Ocl-91IKBmO I 
Jln-BS:PCBI2!O I 
Jun-OSIPtB1160 I 
Jln-96:PCamO I 
Apr-B6IPCBI160 lIS I I I 
NDv-96 I PtB 1260 I I I I I 
Noy-86I PohlSlu •• Din. :( O.IOOI( O.IDOI( 0.1001 3.951 5.491 1.921 
M.,86:S.hnl.I.OIS!. I( O.OOSI( O.OOSI( 0.0051 0.0051 O.OSll( 0.0051 
NoY-B6: SQhn,uI. lohl I( 0.O051(0.00501( 0.0051 0.0451 o.ml( 0.0051 
NoY-86: SiI<er. Om. I( O.OOII( 0.0011( 0.0011 O.OOII( o.oOII( 0.0011 
Otl-81:SII,.,.lotai I I I I I I 
Apr-BI: 511-.. , 10111 I I I I I I 
Otl-BI: 5,1-••• lotll I I I I I : 
Jln-S5: 511,,,. 10101 I I I I I I 

Jun 85 I Sllv", lohl I I I I I 
Jln-86:Silvtf.lolll I I I I I 
Apr-B~ : SlIm, '0111 I I I I 1 
Mo,·96 1 SII,". 10111 ( o.oOII( O.OOII( 0.001 : O.OOJI( G.OOII( 0.0011 
Nov 06: Sod, ••• D,u. 0.100:( O.IOOI( 0.100: 6.211 2~.1 I 10.61 
Ho,86: Sulhln IO.OI( 8.01( 10.01 96.51 ".01 1191 

Ocl8l: htr"hlortlhlO' I I I I I I I 
ADr·S.: hlruhlDlflhenr I I I I I I I 
Oct8111rlrachlorPthen. I( 0.010 I I 1 I I I I 
J.n·95 I I.truhlortthQn, 1< 0.005 I I I I I 
Jun-8SII.tr"hlo"lh.n. I I I I I I I 
Jln 96 I hlruhlnlflh .. r I I I I I I I I 
Apr-BbllPlrlthlorrlhm I( 0.0051 I I I I I I I 
Mo,·8611tIrlchlorrthenr I I( O.0051( D.ODSI( 0.0051 ( 0.005 ( O.OOSI( o.o051( 0.0051 O.III( 0.005 
011-81: IDC I 1 I I I I I I 
Ap.·BI I lOt I I I I I I I 
Dcl-81: roc I I I I I I I 
Jon·OS: IDC I I I I 
Jun-8S:IOC I I I I 
Jln-SbIIOC I I I 
Apr-Sb: IDC I 
"",·B6:IDC I 
011-83: lolu.n. I 

( nans nol detected ulinQ doh'hon lUll sh.'nl P nan, pr,s,nl hul belo. drlfCllon Ihll; IS I •• n, insufflcienl saopl. Pag. 14 21-Apr-BT 



• • 
Alph.b.tH.1 SUto!'y 01 [onIlIHu.nll D'hchd 1ft IIl.nl On. SliP It Frol N1ROP S,ound W.III [hulul Anlty, .. 119/11 1254.01 

D.t~ : PUII.ler I BI.nl I AInBIIiI Rln81k21 I'pBIIiI Irp 8U21 Irp811l1 I,p8114 I Dupll I Dupl, I Dupl! I 
~ ~ ~~ •• ~~ ¥ ... ~. _ ..... _ ~ ~_~~ ...... "_"M ___ ~ ~ .............. ___ .. _ ...................... __ .... _ .... _ ...................... --- .................... --- .. "' .... -_ .. ---- -------- ................. --- .............................................. 

~p, -61 : lolu ••• I I r 
Od-91110lupn. 1< 0.0\01 I I I 

hn·95: 'oIO(ln. I( 0.0051 r I I 
)un-85: lolu, .. I I I 
Jon-Ob:loln.n. I 1 I 
Apr-Bb:lnl., •• I! 0.0051 I 1 I , I 
No,-B6: 101",,, I( O.OOSI( O.OOSI! 0.0051( 0.0051! O.OOSI! O.OOSI( 0.005 ( D.OO'I! 0.0051 
Od-B!: ItlM 1.2-DlChIOto.lh ••• 1 I 1 I I I I I 
Ap,-Ol I I"ns 1.2-0,thloro.lh.nt I I I I I I , I 
Ocl-81 I lro •• 1.2-Dlchlo, •• lh.nt I ( 0.0101 I I I I I 
J.n-B511I1nsI.2-0Hhloro.lhull( O.OOS: I I I I I 

Jun-BSllransl.2-0iehloro.lh.nrl I I I I I 
J.n-8bl I'JIlsJ,2Dahloro.lh,n. I I I I I 
Ap,-86'I"nll.2-0.chloro.lhen.l( 0.0051 I I I I I 1 1 
NDv-B6'IronlI,2-Dllhioro.thrn.1 I( D.OOSI( O.DOSI( D.OOSI( O.OOSI! O.OOSI! 0.0051 0.191 D.SII! 0.0051 

Ocl-D'IIrlehioro.lhrn, I I I I I I I 
Apr-a4: T .. chloroelhent I I I I I I I I 
Otl-9111richlorollh., I( 0.0101 I I I I I I I I I 
Jln-QSI Irithlororth.nt I( 0.0051 I I I I I I I I I 
Jun-0511I1thloroplh,., I I I I I I I I I 

Jln-B6ITrich/oroelhrnr I I I I I I I I I 
~pr-B6 I Irichlororlhen' I( 0.005 I I I I I I I I I 

Mov-B611"chlo,oelh.n, I 0.0051 ( o.ml( 0.0051( 0.OO51! 0.0051 ( 0.0051 0.601 1.51 0.0091 
NDV-9bll"chloroliuDrouth ... I 0.OO51( D.OOSI( D.OOSI( D.OOSI! O.OOSI( D.OO"! D.OO"! D.0051! 0.0051 
Mo,-D6 I IInc. DISI. I O.O'OI( 0.03DI( O.OlOI I I 0.1291 0.1121 1.861 
Ocl-9) Il •• c. lohl I I I I I I I I I 
Ap,-B4 I hnt, 10101 I I I I I I I I I 
Otl-91: lint. lolal I I I I I I I I 
J •• -9S I hnt. lola I I I I I I I I 

JUh·95: hne. lot at I I I I I I 
Jln 96: h.t, 10101 I I I I I I I 

Apr'96: hne. 10101 liS I I I I I I 
No.-061 h.c, lohl I ( O.OlDI! D.OlI( 0.0301 I 1.131 1.191 20.11 

;;:t:::::=;:;::::::::::::::::::::::::::::::::::::::t::.t::::::o:===:##.:::::::;::=====::::= :=:'==;=:===;=====l:i:.:!!::::::=:=:;::==~::=l::!:::l!!=.!==:=::::=:r/l==r:!I::llS!l::::U:I:=:illlI.:.II!I!'I::lt:.~.=:I::n:==e:.==:=:I 

'" __ I I"""~ ""q i.l.d, •• II.,t shown: P .ea~s p"".1 bul b.low detection Ihll; IS .elns .nluflirtent 51.ph Pag. I' 21-Apr-Bl 
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APPENDIX C 

MAXIMUM AND MEAN CONCENTRATIONS DETECTED IN 
NIROP GROUND WATER ANALYSES 



• • 
"mlul Ind n .. n (Dn[o.I"IID" 01 CD •• lth •• 1s DebIted In NIROP Ground Miler A.,Iv.n Ilg/lI 1254.01 

p" ... hr i 1-5 I'-D II-PC 12-S 12-0 IHC 13-9 I 3-0 IHC 14-9 14-D IHC IS-S 15-0 16-5 16-0 17-S 11-D 18-S 
*8~~~8_~~8W~~W~~~W_W~W_W ____ "''''' ____ ''''''~''''''''' ___ ''_''_'' __ '' ___ .................... "' ........................ __ ... _ ............... _ ..... _________ .. ___ ---------------- ...................................... --".--"'-- ............................... ---.................. ------------------------------ .. ---------................ --

I 

· I I I · I I . · · · · · I · I I I I I I I I I I I · I I · Coon I I' 
" " 

II II \1 21 \1 \1 II \1 01 \1 01 II 01 O. O. O. 

ArlenlC.lotal "mlUI O.OOBOI O.OO2S· 0.0025' 0.0025' 0.0025 • 0.00251 0.00251 0.00251 o.om. 0.00251 0.0<125 I NA' 0.0025 • MA' 0.0025 I NAI HA I NA I HA • 

"nn O.OOBOI 0.00251 0.0025 I 0.0025' 0.0025 I 0.00251 0.0015 I 0.00251 0.0025 • 0.0025' 0.0025' HA • 0.0025' NA' 0.0025. NA' HA. HA. NA' 

I · · I · I I I I 

· I I I I · · I . I I I I · · · · CDonl 2' 2' 2' 2' 2' 21 3' 2' 2' 21 2. I' 2' O. 2' O· O. O· O' 
C.dIIUI. TDliI ""hu, , 0.00851 0.006\1 0.0024 I 0.00111 0.001\ • 0.00l11 0.007& I 0.0044' o.om. 0.0021 I 0.00291 0.00141 0.0068 • MAl 0.00621 NAI NAI MAl HA I 

"un 0.00511 0.00111 0.00211 0.0021 I o.om I 0.002]. 0.0031 I 0.OO3V' 0.0053 • 0.0020 I 0.00221 0.00141 0.0013 I HAl 0.0040. IAI NAI NA. MA • 

· · · · I I I 

I I I I I I • I I I I I I I · • 
CDunl I 2' 21 21 21 2' 2' 31 21 2' 21 2' \. 21 01 21 01 01 01 01 

throll.I.To'" "nuUlI 0.03101 0.0010' 0.0110' 0.05701 0.00501 0.0070 I 0.01001 0.0150. 0.01901 UIlO I 0.0080 I 0.00301 0.01l0 I NAI 0.01001 MI NAI NAI MAl 

"un 0.01401 0.00151 0.0125 I 0.0430' 0.0045' 0.00151 0.01ll1 0.01151 0.0110 • 0.0110 I 0.0065 I 0.00301 0.0095' NAI o.oml HAl IlAt NAI MAl 

· I I I I I' 

I , I · · , I I I • I · I · I I I I 

CDunl 2' 2' 2' ,I 21 21 3' 2' ,. ,. 21 \. ,. 01 21 01 01 O. O. 

topper.lolil MnuuI: 0.0510 I 0.0510 • 0.01l01 0.21101 0.0190 I o.mo t O.OBIO I 0.05301 0.03101 0.0410' 0.0560' 0.0005 I 0.0100 • MA' 0.OB201 NAI NAt HA. KA' 
Nun I 0.0365' 0.03301 o.om. 0.1lI01 0.0250' 0.01551 0.0441' 0.01501 0.0115 I 0.03101 0.0340. 0.00051 0.01901 MAl 0.05151 HAl HAl HA' HA. 

· I · · · I 

I I I I · I I • I I I I I I I I 

CDunl 5t 5 t 5' 51 5' H It 5 I 'I ,. 'I 21 ,. 21 ,. 21 ,. 
" 

II 

lud. TDhl ""il.11 0.0910' 0.05101 0.17001 0.33101 0.0300' 0.0390' 0.17101 0.07701 0.0460 t 0.0810 I 0.04401 0.0110 , 0.0220 I 0.16601 o.mol o.mol 0.1070 • 0.01101 0.15401 

"un 0.031'1 0.01291 o.omt 0.1154t 0.0198 t 0.01941 O.OWt 0.0378 • 0.0116' 0.01011 0.02121 0.0110 I 0.01741 O.I1lSI 0.1404' 0.01451 0.05BO' O.OHOI 0.1540' 

· · · I 

I . I I I · I · I I . , I I 

Count 41 41 'I .' 41 41 51 II 4. 41 ,I 11 II 21 4. 2t 21 I' I' 
"In9In" •• Iolli Nm.utl 3.6800' 0.15l0 I 0.9140 I 1.90001 0.51101 o.mol 3.1£00. 0.10001 o.mol I.BIOOI o,mol 0.42101 1.09001 0.31101 '-StOOl MOJO I 17.5000 I 0.6950. 11.8000 I 

Nun 2.14501 0.0910' 0.58131 4.19251 0.3130' 0.2710' 2.0680 I 0.09601 0.1065 I 0.1448. 0,1948' 0.1045 • 3.25001 0.1250' uml O.mOIIB.IOOO' O.mO'".BOOO' 

I I . . · I I · . • · · I I · I · Count I' I' \1 II II II ,. 
" 

II II I' 01 II 01 \1 D. 01 Of 01 

""c.ry,Toli! nWlutl 0.00011 0.0002 • 0.00021 O.OOOBI 0.00021 O.OOOB' 0.00131 0.0002' 0.0002 • 0.00071 0.0001 I NA I 0.0002 t MAt O.OOOB' NAI NA' HA • NA. 

Hnn I 0.00021 0.0001 I 0.0002 I O.OOOBI 0.00021 o.OOOat O.OOOBI 0.0002 I 0.00021 0.0001. 0.00041 NAI 0.00021 NA. O.OOOB I MAt NAt NA' NA' 

HIli the l!lectlon 1t.1I .J\ uIPd for tonllil •• nt. .Mch M,rt nol detected. Pao,' 1I-Apr81 



• • 
"""U' ,nd ",an CDncentr.tun. D' CDn,III •• nll Detected In MIROP G'Dund V.h, An.IYln IIQIII 1251.01 

P., ... h, : I-S :1-0 I I-PC 17-S 1 2-0 IHt 13-5 13-0 IHC 14-5 14-0 IHC I 5-S 15-1 16-S 16-0 11-5 11-0 10-S 
~.~------------ .. --- ...................... --........... ",,------------ ............... -.................... --............ --- ... -------_ ........ -...................................... -------------_ .. _ .......................................... -........... --------------............................................................. ,.. .... -.................. ----_ .................. "' ... -

I I I 
I I • . I I . I I I I I I I I I 

[Dunl I II II II II I' I' 21 II II I' 
" 

o • II O. I- O. 01 O· 01 
MlChl.IDtal Ha-"Iu,: 0.0210' 0.0100 • 0.00801 0.1070 I 0.0530 I 0.00~0 I 0.02201 0.0100 • 0.04801 0.01701 0.00601 HA I 0.0180. NAI o.olao. NAI MAl MA' MAl 

"un 0.02101 O.OlOO' 0.0080' 0.1070' 0.0530' 0.00501 0.0100 • 0.0100' 0.01001 0.0170 • 0.0060' NA' 0.0180. NA_ 0.0490 • NAI NA' NA' NA' . 
I I . 
I · I . I . . . I . I I I I I I I I I . I I I I I • . 

CDunl I 2' 2' 2' 71 7' 21 3' 2' 2' 21 2' I' 71 01 71 D. 01 01 O. 
Sllver.lolai "nilll.1 0.0005' 0.0005 • 0.0005 • 0.00051 0.0005 • 0.00051 0.0010 • 0.0005 I 0.0005' 0.00101 0.0005' 0.00051 0.00051 MAl 0.0005 I MAl MAl HAl MAl 

"un 0.00051 0.0005' 0.00051 0.0005' 0.0005. 0.0005' 0.0007' 0.0005' 0.0005 • 0.0009 I 0.0005' 0.0005. 0.0005. HAl 0.0005' MAl NAI NA' WA' 

. . 
I I · I . . . . I 
I . I I I . I 1 I I I I I I I I 

Counl I 5 I 51 '" 5 I 5. 51 61 '" 5 I 5 • ,. 7' 51 71 5 I 21 21 II II 
hn[.lohl RU11UI t I.UOOI 9.25001 1.31001 3.9800 I 1.0100. I.tlOO' 3,6400' UBOO. 1.4300' 6.2000. 3.13001 1.3400 I 0.1810 I 6.0400'26.60001 5.57001 3.2500110.40001 1.8100' 

"tan 0.80261 5.20801 0.59161 2.42541 1.9192. 0.51B8 I 1.91101 3.72IB' 0.5401 • 2.91101 I.mll 0.69251 0.19111 5.0200 I 8.1600' l.93501 7.7050110.1000,1 1.81001 

*==:::::::o::':;=::=::':=#=tt===~!:~:#;=::===:t======:;:===::==:=~~lrtl.:t1l.==:lII ••• "'II=:2Z.:S'Il==:c::n:== •• *==lInl==::I::II.II=::.iI:=III~=='======= ....... tull':l •• :I • .t.e: ••••• e: ••••••• :'lt:r •• za:::=.:;:::.==teact:: •••• a.ilUt •••• : .... x •• z •••• z.;: ••• :.::I •••••••• II .. S ••• It.ln: ••• 1: •• :.11: •••• 

H.lI thtd!t!(\lon 11111 .as.s.d for conllitu.nh.hi[b.rrtnot detected. P~Q' 2 21-Ap,-81 



• • 
" .... U. Ind "PIn CDnmlHtiDns 01 Condit.rnll Ortr[I,d 1ft HIROP 6tound WitH Analyses '"glII 12'.14.01 

Pa".~ter I 9-0 iH 19-0 IIO-S III-S II2-S 113-5 ilH 115-5 116-9 II1-S IIB-S 119-9 IlH Ir"C-n I 
__ ~ ~ ~ ~ w ~ M ______ .................. ____ ...... __ " .... ____ ............ _ ...... _ ............................ __ .......... _ .. __________ .. ___________ .. _ ................ _ ........ __ ....................................................... __ .. -----..................................................................... 00 .. - ... - ....... 

, I I I 

I I I • I I I · • I I , · I 

Counl 01 II O. 01 01 01 01 01 

" 
01 01 O. 01 O. II 

Aruni(.lohl 'ftuuuIl MAl 0.0210' MAl MAl MAl MAl MA. MAt O.O.~O • MA. MA' MAl NAI MAl 0.00251 

M"n NA' 0.0230 1 MA' HA. NAI MA' MA' MAl 0.04501 NA. NA' NAI NAI MA' 0.0025' 

I I , I , 
I · I · I I I · , I , , I , , 

Counl 01 II 01 01 01 01 O· 01 I. O. O. O. O. O. 21 

tadllul.IDlal "axi.oll MAl O.OOlll NAI MAl MAl MAl NAI NAI 0.0191. NA' MAl MA. MAl MAl 0.00511 

"un 1 MAl 0.00311 NAI MAl NAI NAI NAI NAI 0.0/91. NAI NAI MAl NA' MA' 0.0032' 

I 
I 
I 
t · I I · I · • • I · I I • • I · • · · CDunl I O. I' 01 O. O. O. 01 01 II O· 01 O. 01 O' 2' 

Chr.llUl.lobl "ulluII MAl o.mOt MAl MAl MAl MA' NA' MA' 0.0110' NAI NAI MA' NA. NAI UOIO' 

Nun I MA' 0.2610' MA' MA. MAl MAl NA' MAl 0.01101 NAI NA' MA' MAl MA' 0.0035' 

I 
I 

, I 
, , · · · I I I · · · · · I · • · Count O· I' Of O' O. O. O. 01 'I 01 01 O. O. O. 2t 

topnr.totll "1XIlu.1 UI o.mol NH NA' WA I • AI MAl MA' 0.0890' NA • MA' NAt NAt NA' 0.0320' 

n"n NA' 0.3710' NAI MA. MA' HAl HA' HA' 0.08901 HA' MA' NA' MAl HAl 0.0200' 

· I . , · · · · I 

• · · • . I • 1 • 1 · • I t 

too"1 I I' It 
" 

2' 2' I' II I' 2' I' 
" 

II I' I' 'I 

bid. lotll ""itu, I o.mo' 0.111010.0610. 0.10901 O.GUO' 0.1660' o.mol 0.1010' 0.11401 0.0730' 0.0600' 0.1100. 0.09701 O.IS20' 0.0570' 

"un I 0.11201 0.097110.06\0' 0.0145' 0.01&5' o.mo. 0.0330' 0.1010' 0.1t40' 0.0130' 0.0£001 0.1200' 0.09701 0.1520' 0.0264' 

1 · I 

· · · • · I I · · • I I I 

Count I I' ]' I' 21 2' I' I' 
" 

21 I' II I' I' I' •• 
"InQan.! •• lotal nnhuII D.B9301 2.51001 o.mo. M9001 5.0600'10.7000' 1.8900' 0.5320' 2.4£001 1.6100' 1.4600' 1.1BOO' O.mo. 1.7100' 0.95101 

"un 0.8810' 1.9700' 0.5230' 9.16501 1.6150'10.7000' 1.9900' o.mol 2.2900' 1.6100' 1.46001 '.lBOO' 0.62201 1.71001 0.&8151 

I · I · · • • · • · I · I I · I • · I · • I 

Coonl O· I' O. 01 O· O. 01 O· II 01 O. 01 O. 01 '" ""cury.lolll Mml.1 I U' 0.0002' NAI NAI MAl MA. HAl NA' 0.00021 NAI NI. NA. NAt Mil 0.00121 

"un I NAIO.0002' NA' MA' Mil NAI NAI HAl 0.0002. MA. NAI MA' MA. MA' 0.0012' 

Hili Ih. d.h(tion 11I1I.lInd lor constilutnh ""Ieh •• " lot 'Ittthd. hQll 2Hpr-Y7 



• • 
n""UI and "f~" C •• "nll/lloM 01 Constituents O.lfCI.d In NIROP Glound hhl Analvsn Ilqlll 1251.01 

h".eh. : 8-0 :95 19-0 110-5 :II-S 111-5 111-S III-S liB 116-$ II1-S 119-S 119-5 120-S IfMC-lll 

· · · I · · · . I . . I . . 
tount O· I' O· O. 01 O. D. D. I' 01 D. D. D. O. I' 

NICkel.lolal "au.uI: HA' o.mo. MA' HA' MA. HA' HA' HA' a.mo. WAf HA' HA. HAl NA' O.OOlOI 
"Pin NAI 0.3310' HAl NAI NA. NAI NAI NAI 0.0390' MA' NA' NAI MA. MAl o.oOJO' 

I 

· . · · . · · . I . . I I . • I I · Count D. 
" 

01 01 O. O' D. 01 I. 0' D. D. D. D. 2' 
5th ••• Iota I "U1IUI: WAI 0.0010. MA' MAl M. MA' NAI MA' 0.0005. HA' MA' MA. NA' NAI 0.0250. 

han NAI 0.0010. HA' HAl MA' MAl HAl HAl 0.0005. HA' NA' HA. HAl HA' 0.0129' 

I · . I · I . I · I . • 
Counl ,. 3. II '" 21 II I' II 2. I' I' I. I' II 5' 

Zm.lolll "nilull 11.9000' 1.1500. 4.4300' 29.B000' I.HOO. 6.1100. 6.1300'17.6000'25.1000' 6.1100. 1.5600' 9.08001 1.2100' 4.2500' 4.0900' 
"tin 11.9000' 1.1661. 4.4300'15.5900' 1.2100. 6.1100' 6.1300111.&000.21.4500. 6.1100. 4,5600' 9.0800' J.21001 4.25001 2.0199' 

:=:::=::::tu:t!l::=::Z::::::::::==:::=:l\'=.r=:t=====::~n:'::=:;::;:::;::::====.lIIC==:s:tl:t:::====::a:::::;::::=====:'J ••• =::==::'1':=====a1I:' •• C ••• :riE:cz:r== •• :U:II:II::t •• cr:::".:uun:e=:.t==z:::ltll:::::::lt2:.S •• : •• 1t2 ••• ::: •••• t;.z:u::u 

H.lfthtd.hctlonltllt.lSus.dlnrCDnstltu.nts.hlthoufnaldet.cl.d. PaQe4 21-Apr-S7 



• • 
"mlul and "un C"centrlllon! of Co",lItu.nh D!lecl.d In NI~OP Ground Wahr tlqlll 1251.01 

Pirl"W I I'S 11·0 II'PC 12·5 1 2-D I He 11-5 IH IHC 14·S 14·0 IHe IS·S 15·0 16"$ 16-0 17·5 11'0 
•• ~_~w~~ .... ~ ..... ~~ .. _~ •• _w .... ~ .. _ .. ~ .......... _ ..... _______ ... _ .. _ ..... _ ................. - .... ---~~ .... -- .. --------- .... ~ ................... -------------"" ......... - .. - .. ~ .... - .. --- ...... -~-------.----- ... - .... - .. - ...... - .. -- .......................................... - ............... ---................................ -------............. - .. 

· · · -
I I 

• I · · • I I . · I · • I · • I 

CDunl I 6' 6' ,. ,. 6' 6' 6' 61 'I 6' 61 31 6t 3' 61 31 ]1 21 

1,1.I·lnthloroelhane ";ullu.1 0.0050. 0.0050. 0.00501 0.0058 • 0.0050' 0.0050' 0.0050 • 0.0050' O.OOSOI O.OOSO' 0.0050 I 0.0050' 0.00501 0.00151 o.mo I 0.00251 0.00651 0.0025' 

Hun 0.00l91 0.00191 0.00191 O.OOlll 0.0019' 0.0019' 0.0019. 0.0019' 0.0010' 0.0018 I 0.00391 0.00111 0.0018' 0.0025' 0.0616 • 0.0025' 0.00471 0.00251 

· · · · · · . , I I , , I I , , I I . I I 

Counl 6. 6' 61 61 6' 6' 61 61 6. 61 61 3' 61 3' 61 31 3' 2' 

1,I·DlthlnrD.lhan. "a ... u.1 0.0050. 0.0050 - 0.00501 0.0050. 0.0050' 0.0050' 0.01601 0.0050' 0.00501 0.0050 I 0.0050' 0.00501 0.0050' 0.0025 • 0.0190- 0.0025' 0.00251 0.00251 

Hean 0.00181 0.00l8 I 0.00l81 0.00191 0.00191 O.om. 0.0091. 0.0018' 0.0019' 0.0018. 0.00181 0.00ll' 0.0019' 0.0025' 0.0065' 0.0025' 0.0025' 0.00251 

. 
I I · I I 

I I , I . 1 I I · I , I , , 
Couhl 6' 61 61 61 6' 61 6' 6' 61 6' 6' 31 6' 31 61 31 3' 21 

1,I·Dlthloropthpn. "atl.UI: 0.0050' 0.0050 I O.OOSOI 0.0050 I 0.0050 I 0.0050' 0.0050' 0.0050' 0.0050' 0,0050' 0.0050' 0.00501 0.0050' 0.00251 0.0050- 0.0025' 0.0025' 0.00251 

KUn 0.0018' 0.0038 I 0.0038' 0.00181 0.0039 I 0,00391 0.00181 0.00l81 0.00l9' 0,00l81 O.OOlSI 0,00ll' 0,0030' 0.00251 0.0038' o,om. 0.0025' 0.00251 

. 
I I I I I . I I · . I I I · I 

Counl 6' 6' 6' 61 61 6' 61 ,. 61 61 61 ]' 61 11 61 Sl I' 2' 

BeAlen. "UIiIII: 0,00501 0.02201 0.0210 I 0.0050' 0.00501 0.02301 O.OOSO • 0.00501 0.0140- 0.0061' 0.0050 • 0.00501 000591 0.002S' 0.01001 0.00251 0.00251 0.0025' 

"pah 0.0018' 0.00661 0.00641 0.0018 I 0.00l91 0.0012' 0.00l9' 0.00181 0.00681 0.0044. 0.00l8' 0.0033' 0.00411 0.0025' 0.00501 0.002" 0.0025' 0.00251 

· I I I I 

• I · I I · I I • I · I . · · · Counl 41 II I' •• 4. II 4. •• 41 II 41 II I' II I' I. I • 01 

BuI2ethvlhe.yIIPMhdll.Kmlul: 0.0190' 0.0050 I 0.00601 0.OS40' 0.OS40' O.OlOO' 0.1400' 0.05801 0.0230 • 0.0180' 0.01301 o.om. 0.0160' 0.0036' 0.22001 0.0010' 0.00091 HA' 

HUh 0.0056' 0.00211 0.0029 • 0.0221' 0.02161 0.00881 o.oml 0.0167' 0.0081 • O.ooM I 0.0200. o.oml 0.00111 o.om. 0.05&41 0.OO3DI 0.0009' HA. 

I I I · · · I • · · . · . • I · I . I • I · Count 61 61 61 6' 61 6' 61 61 6' 6' 61 31 6' 31 61 3. 3' 21 

ChlnrofDr. "aUIIlI I 0.0050' 0.0050' 0.0050' 0.0050 I 0.0050' 0.0050' 0.0050' 0.00501 0.00501 0.0050 I 0.0050' 0.00501 0.00501 0.0025' 0.00501 0.002" 0.0025' 0.00251 

HUh 0.0036 I 0.0039 I 0.00391 0.0019 I 0.00181 0.0039' 0.00l9' 0.00l91 0.00381 0.00l8' O.OOlO I 0.00331 0.00l8 I 0.0025' o.oOlB I 0.0025' 0.0025 • 0.0025. 

I I I I I 

I · I I I I I I · I · . · I I · I 

Counl 3' 'I 31 3' 31 '1 31 II 3' ]. l' I' 3' II II II II II 

Clsl.2·0lChlcrDrlhent "UIIOI: 0.0050' 0.00501 0.00501 0.0050 I O.OO~O • 0.0240 I 0.2900. 0.00501 0.0050' 0.0050. 0.00501 0.0025' 0.0050 I 0.0025 I 0.58001 0.00251 0.0025' 0.0025' 

Kun 0.0042' 0.0042' 0.00121 0.0042 I 0.0042 I 0.0105' 0.15001 0.00421 0.0042' 0.00421 0.0042 I 0.00251 0.0042 I 0.0025' 0.2490 I 0.0025 I 0.OO2SI 0.00251 

H.lllhe dellcllon Itllt muspd lor conltitUtnilMhlch.,rtnot detected. fl9.1 21·Apr-B7 



• • 
"WI.O and ""n ConcontrallDns Df CDoshlufnb Oohchd In NIROP Ground N'hr r.qlll 1251.01 

: I-S I 1-0 I I'PC I 2'S I 2-D I HC I H I 3-D I HC I 4-B I 1·0 I HC I 5~9 I 5-D I ,-g I 6-D I l-g I 1-0 

I . . . . I • . • . I f I I . 
CDunt I bl bl 61 61 '1 6' b' 61 bl ,. 61 " 6. ,. 'I 11 ,. 21 

fthvlbenzrne "drJ'U': 0.0050. 0.0050' 0.0050' 0.00501 0.00501 0.00501 0.0310' 0.0050' 0.0050' 0.0050' 0.0050' 0.0050' 0.0050' 0.0025' 0.0050. 0.0025' 0.00251 0.0015' 
Mpan D.00l81 0.00l8' 0.0038' 0.00391 0.00181 0.0059. O.Ollli 0.0018' 0.00l81 0.0030' 0.0018' 0.0053' 0.00381 0.0015' 0.00l8. 0.0025' 0.0015' 0.0025. 

I 

I . . . I . . . . . . I I • I . I . I I 

Count 6, 6' ,. 6' 61 61 61 61 bl 'I 61 11 •• ], 6. 3. 3' 2. 
Kethvlen.ChlDnde tla.I.III: O.lOOO' 0.11001 0.1600'11.0000' 0.8300' 6.00001 D.1lO0' 0.0300' 0.1100' O.BOOO' 0.1400' 0.0190. 0.0290' 0.0025' 0.0700. 0.0015' 0.00251 0.00251 

"ean 0.05511 0.03121 0.0328' 6.BIOB' O.II3S. 1.0397' 0.0391' 0.00751 0.0211' 0.11811 0.0712' 0.00801 0.0091' 0.0025' 0.01851 0.0025' 0.00251 0.0025. 

==~=::==:::=:::==':=:=:===::::;===-=!!:::=;=======:=:=1;=#I==:=~:::r1:l=:::=:=======:::=:'II':lll:::!!:::=:=====:::1!:!I:I:::II:==::::::::====:=::::::===::=:=::211'11":::::::::11 •• ::11:1::1::1111::'11::1: ••• 1:::'::::::11====::::;:;::::::::.Sll:r:::=I:::::" •• : •• ,,:lI:I'CII: •• z ..... :.,,:r::;:t*:r •• = ••• C:::III1I1I: ••• ::r= •• 

Hall thf d~ttctlon 1IIIt .,~ "sod lor constlt.,ntl which m. not debct.d. P'Q.2 21-Apr-Bl 



• • 
"W'UJ and "pan Coneentroll.n, of CDn,hluon\! D.hehd In NIRDP Ground Wahr Ilqlll 1254.01 

P"lIeter 10'S 18-0 19-5 IH : to-s IH-S 112-5 IIH : IloS 115-5 116-5 111·5 118·5 119-5 126·5 Im·l] 1 
~~~~~~~~ .. ~-~-- .. ~~---~----- .. ~----- ... ~~- .. -- .. ------ .. -................. _ ...... _-_ ..... -----_ ...... --- .... ----.... -....... "' ...... _-_ ...... --.... -- .......... ~ .... -------.......... -.... -.. -.. --.. -................. --- ... -.. -- .. -...... ---................ -_ ....... __ ...... _---_ ................ ---

· · · · · · · I I · . • · · I · · CouO! 2' 2' 3' 2' 3' 3' 2. 2. ,. ,. 2' 2' 2' 2. 2' &. 

1.1.I-irlChloro,thane "a/live I o.om. 0.0025' 0.3900- 0.009&' 0.0015. 0.0025- o.om. 0.0025. 0.0015. 0.00251 0.0025' 0.00251 0.00151 0.00251 0.00251 0.0050' 

"fan 0.0295' 0.0025' 0.26&1' 0.00561 0.0025' 0.0025' 0.0025_ o.om. 0.0025' O.om- o.om' 0.00251 0.002S- 0.0025. 0.0025' 0.00l0' 

· · , 
-

I , 
, · , · I · · · I • · • · Counl 2' ,. 3' 2' 3' 3' 2. 2. 2' ,. 2' ,. 21 ,. ,. &. 

I.l-DiehlorDethane hutut: 0.0013' 0.0025' 0.0&&0' 0.0025. 0.0025' 0.00151 0.00251 0.00151 0.0075. o.o0251UQ2S1 D.oml 0.00251 0.0025' 0.00251 0.0270' 

"un 0.00!91 0.0025' 0.05401 0.0025. 0.0025' 0.0025' O.OOlS, 0.0015. 0.00251 0.0025. 0.0025' 0.0025' 0.0025. 0.002510.00251 0.01ll' 

, · · · · , 
- · - - • · I · • · • 

Count 2. 2' 3' 2. 3' 31 2' 2. '" 21 '" 2' '1 ,. 2' &. 

I.I·Ollhloro.th.n. "ut.u. I 0.0025' 0.002510.00921 0.00251 0.00251 0.0025' 0.0025. 0.0075' 0.00751 o.om. 0.0015' 0.00251 0.0025' 0.002510.0025' 0.00501 

"Pin O.007~ • 0.0025' 0.0058' 0.0025' 0.00251 0.00251 0.0025. 0.00251 0.0025' 0.0025. 0.0025. 0.00251 0.00251 0.0025' 0.00251 0.00l8' 

· I I · I . I . · I • · . I · · I · Count '" '" 31 2' 31 3' '" 2. 21 2t ,. 21 ,. 21 2' &1 

9 .. un. nalUUI I 0.007510.0057. 0.0025' 0.00501 0.00151 0.00251 0.0025. 0.0015. 0.0025' 0.00251 0.0015' 0.0065' o.om, 0.0015' 0.0025. 0.0100' 
nun D.Om' 0.00391 0.0025' 0.00le1 0.0025' 0.00251 0.0025' 0.0015' 0.0025. 0.0025' 0.00251 0.00451 0.00251 0.0025. 0.0025' 0.0053' 

· · · · · · I I · . I I I · I I · • I · CDunl I' 01 II 01 II 
" 

D. 0' O. O' 01 O. 01 O. O. 41 

8ul2elhvlhu;\lPhlhaillt Kalllll.1 0.0000. MAl 0.00001 HA. 0.0003' 0.00091 HA. HAl HA. MAl HAl HA. HA. HA. KA' 0.0190' 
KPOn I 0.00001 HA'O.OOOO. HA. 0.0003' 0.0009' HAl HA. HAl HAl HAl NAI HAl MA. NA. 0.02301 

I 

· I I 
I · . · I I I I · · • I 

tounl I 2' ZI It 21 ,. 3' 2' 2' 21 21 '" 21 2. 2. 21 &. 

ChlorDlo,. h.l.u.1 0.0015' D.Om. 0.0025. 0.00151 o.oml 0.00151 0.00251 0.0015' 0.0025' 0.0025' 0.00251 0.00251 0.0025' 0.001510.00251 0.0050' 
Nun I 0.002510.0075' 0.0075' 0.0025' 0.0025' 0.0025' 0.0025. 0.0025' 0.00251 0.0025' 0.00751 0.00251 0.0025. 0.0025.0.00251 0.0038' 

. I 
I I , I · • I I · [Dunl II I' .1 

" " 
II II ,. II ,. 

" 
II II I' It 3' 

tu 1,2-DlthiorQothene MilU.UI I 0.2400' 0.0190' 0.34001 0.0280' 0.0360' 0.02201 0.00251 o.om. 0.00251 0.0075' 0.00251 0.0270. 0.3300. o.om. 0.00251 0.2300' 

"un 0.2100' 0.0480' 0.31001 M2ROI 0.03&0. 0.0220' 0.0025' O.O~25 • D.Om. 0.00251 0.0025' 0.0210. 0.33001 0.002510.0025' 0.1153' 

Hall the d.t.ctlon Iliit on ul.d lor tOnllitutntl .hilh me nol dlhthd. Pm3 21-Apr-Sl 



• • 
"""UI ,.d ",an toncent .. hoO! 01 Conshluenls Dtltchd In MIROP G,ound •• hr Ilqlll 125UI 

Plrn.hr 18-S 18-0 IH 19-0 1/0.9 1//·5 1/2-5 II3-S 114·5 liB Ilh-S II1S 118-S 119-5 120-S Im-lll 

· . 
· · . , . . . . . , I , 

Count : 2' 2' 1. 2. l' 3' 2' 2' 2' 21 21 2. 21 2' 21 ,. 
!th,lb.,,,ne "UIIUI I 0.0025' 0.0025' 0.0025' 0.0025' 0.001510.0025' 0.0025' 0.0025' 0.0075' 0.00251 0.0025' 0.0025' 0.0025' 0.0025' 0.0025' 0.2100' 

"fin 0.00251 0.00251 0.00251 0.00751 0.0015' 0.0025' 0.00251 0.00151 0.0025' 0.00251 0.0025' 0.0025' 0.0025' 0.00251 0.0015' o.oml 

· · · · • . . I 1 1 . 1 1 • 
CDunl 2' 2' SI 2. 3' ). 2' 2. ,. ,. 2. 2. 2' 2' 21 ,. 
",llltl': o.om. 0.0015. 0.0025' 0.0025. 0.00251 o.oml 0.0025' 0.002510.0ml 0.005610.00151 0.0075' 000251 0.00251 0.00151 O.I~O' 

" .. n 0.00251 0.002510.002510.0025' 0.00251 0.00251 0.00251 0.0015. 0.00251 0.0041' 0.00151 o.om. 0.00151 0.0025' 0.002510.03111 

Hlil I~! del!cllo, lUll _as USld for CDnstitu.nts .h;ch M!rt not det.cted. 21·Apr-ST 



• • 
H", .... Ind Hun Concontrltlons of Co",htuentl Detelhd In NIROP Ground Water Analv~h 11,111 1254.01 

Pa,u,ler 

PC8121B 

peolm 

pumo 

: I·S : 1-0 : I-PC : 2'S 12·0 II-PC 13-S : 3-D : He 14-S 14-0 I HC 15-S I SoD I '·S I H I H 17-0 10-S 

, 
I 

Counl 5 , 5 I 5' 5, 5 I 5' 5 , 5 , 5, 5' 5 I 2 f 5 f , f 5 I 2 I I f I , I t 

HI"'''" 0.00050' 0.00010 , O.OOolO , 0.00010 , 0.00010 t 0.00050 f 0.00010 , 0.00010 f O.OOOlO f 0.00010 I 0.00010 , 0.00010 , 0.00010 I 0.00010 I 0.00020 I 0.00010 t 0.00010 I 0.00010 I 0.00010 I 

".an 0.00017 10.00011 t 0.00013 I O.OOOO! I 0.00009 f 0.00017 , 0.00009 , 0.00011 f 0.0001l , 0.00011 10.00009 I 0.00000 10.00015 I 0.00010 I 0.00011 f 0.00010 f 0.00010 f 0.00010 f 0.00010 f 

f 

t 

Count 5 I 5 I 5 • 5 • 5 I 5 I 5 I 5 I 5 , 5 I 5 f 2 I 5 I 2' 5 , 2' 2 I I , I , 
Hlm.1 0.00010 I 0.00010 f 0.00010 t 0.00010 , 0.00010 , 0.00010 I 0.00010 I 0.00010 I 0.00010 I 0.00010 I 0.00010 I 0.00010 I 0.00010 I 0.00010 I 0.00010 I 0.00010 I 0.00010 I 0.00010 I 0.00010 I 

Hpln 0.00009 I 0.00009 f 0.00009 I 0.00009 I 0.00009 f 0.00009 f 0.00009 I 0.00009 I 0.00017 f 0.00009 I 0.00009 I 0.00009 I 0.00009 I 0.00010 • 0.00009 f 0.00010 f 0.00010 I 0.00010 f 0.00010 f 

I 

I 

Counl 5 I 5' 5 1St 5 f 5' 5 f 5 I 5 I 5 I 5 I 1 I 5 I 2 , 5 I 2 f 2 I I I I I 

"UIIU. i 0.00015 I 0.00050 I O.OOOlO • 0.00110 f 0.00020 , 0.00050 • 0.00070 f O.OOOlO • O.OOOlO f 0.00040 I 0.00010 I 0.00010 , 0.00020 , 0.00010 , 0.00010 I 0.00010 I 0.00010 , 0.00010 f 0.00010 f 

"un I o.oom I 0.00017 f 0.0001l , 0.00029 f 0.00011 I 0.00017 I 0.00021 , 0.0001l f 0.00013 , 0.00015 , 0.00009 I 0.00008 I 0.00011 f 0.00010 f 0.00009 I 0.00010 , 0.00010 I 0.00010 f 0.00010 f 

I 

I 

Counl 5 I 5' 5 1St 5 I 5 I 5 I 5 I 5 I 5 f 5 I 2. 5 I 7 I 5 I 2 f 2 I I I I f 

"111m I 0.00010 I 0.00010 • 0.00010 I 0.00010 I 0.00010 I 0.00010 , 0.00010 I 0.00010 , 0.00010 I 0.00010 I o.com I 0.00010 I 0.00010 I 0.00010 • 0.00010 I 0.00010 I 0.00010 I 0.00010 f 0.00010 I 

"un : 0.00009 I 0.00009 I 0.00009 I 0.00009 , 0.00009 , 0.00009 10.00009 f 0.00009 f 0.00009 I 0.00009 I 0.00018 f 0.00008 I 0.00009 f 0.00010 I 0.00009 • 0.00010 f 0.00010 f 0.00010 f 0.00010 I 

H.II Ih~ d.lr·rl,o" Illd •• ~ "I,d 1m cOMhlllfnl! .hich .ert not dehlled. 21·Apr·BI 



• • 
"""U •• nd, .n Concpntratlons 01 tonllllupntl Detrchd In HIROP Ground Nater AnalYlu I.qlll 

~ara .. ter 19·0 19-5 IH 110-5 III-S 112-5 111-5 111-5 115S 1\6-5 1(1-5 119-5 119-5 120-S IFHC-ll I 

pe91m 

PtOI24S 

PCB 11~1 

pcomo 

. 
I 

Count II 21 II ,. 2' II 
H,,.,u.; 0.00010' 0.00010 I 0.00010 I 0.00010 I 0.00010 I 0.00010 • 
nean 0.0001010.00010'0.00010'0.00010'0.00010'0.00010' 

. 
• 

Count II 21 I' 2' 2. " 
"""uIIO.OOOIO'O.OOOIO'O.OOOIOIO.ooOIO'O.OOOIO'O.OOOIO' 
"un 0.00010.0.00010 I 0.00010' 0.00010.0.00010. 0.00010' 

. . 
Counl " 2. I' 2. 2. II 
""lful: 0.00010'0.00010'0.00010'0.00010'0.0001010.000101 
Hun I 0.00010 I 0.00010 10.00010 I 0.00010 10.00010 I 0.00010' 

. 
I 

Count I II 21 II 2' 21 II 
"mlUI I 0.00010' 0.00010 I 0.00010 I 0.00010 I 0.00010 • 0.00010 • 
"Ian 0.00010' 0.00010. 0.00010' 0.00010' 0.00010'0.00010' 

Hall lhr drlectlDn Itlll us u~rd lor cDnshlutnh which MIf. not drhcl.d. 

. 
I 

O' II II It I' I I II " 51 
NA 10.00010' 0.00010 10.00010 I 0.00010' 0.00010' O.OOOIOt 0.0 001010.00010' 
NAIO.OOOIOIO.OOOIOIO.OOOIOtO.OOOIOIO.OOOIOtO.OOOIOtO.O001010.00009' 

I 

I 

o I II II I' I. I' I' I' 51 
NA.o.oOOIO 10.00010'0.00010.0.000101 0.00010'0.00010' 0.00010'0.0 0010' 
HA • 0.00010 • 0.00010 • 0.00010 • 0.00010 • 0.00010 1 0.00010 1 0.00010 • 0.00009 • 

I 

• 
o' " I t It I' " " I' 5. 

NA.O.OOOIO'O.OOOIO'O.OOOIO.O.OOOIOIO.OOOIO'O.OOOIOIO.OO010'0.00010' 
"A 10.00010'0.00010 I 0.00010' 0.00010' 0.00010' 0.00010. 0.0 0010'0.00009' 

I 

I 

Of " I' " " I' " II 51 
NA '0.00010'0.00010'0.00010 I 0.00010' 0.00010' 0.00010 '0.000 1010.000101 
NA' 0.00010'0.00010' 0.00010 I 0.00010' 0.00010' 0.00010' 0.0 001010.00009' 

Paqt2 
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• • 
Hm.u. I.d Hea. Con!pntr~hD" of Co.,lttup.h Detected In HIROP Ground Niter l.glII 1151.01 

~a" .. ler II'S I 1·0 II-PC 12·S 12-0 IHC 13-5 13-0 IHC 11-5 IH IHe IS'S 15·0 16·5 16-0 11'S 11·0 19'5 
~~-~ ........................ ~ ...... ~-~~ .. -.... -~~ ...... -- .. ---.... -........ -.. -.. --.... -........... -------_ ...... _ ..... __ ................... ------- ..................... -_ ................. _ ...... -.. -- .. -_ ........................... -...................... _---_ ................ _ .. -.......... --------,., .. -.. ---_ .................. -------_ .......... -- .. -_ ...... ---~ .. -~-

· · · · · · . 
I · I I · · · , , · I · · I • · I 

CDunl 61 6' 6' 6, 6. 6' ,. &. 6' 6' ,. 3' 6. 3' ,. 3' l' 2' 2. 

"I,>chlorolh.np HHJlUI: 0.0050. 0.0050' 0.00501 0.0050' 0.0050' 0.0050' 0.0110' 0.00501 0.00501 O.OOSO' 0.0050' 0.0050. 0.0050' 0.0025' 0.2000 • o.om. 0.0025' 0.0025. 00460' 

Hun I 0.00l8' 0.0019 I O.OOlB' o.om • 0.0019 • 0.00l9' 0.0011' 0.00181 0.0030' 0.0018' 0.0039' 0.00ll' 0.00391 0.0025' 0.0551. 0.0015. 0.0025' 0.0025' 0.0460' 

· · I · · , , , , , , · · · , · · Counl 2. 2. 21 I' 2. 2' 2' 2. 11 7' 11 ,. 2 • O. 2. 0' 0' O· 0' 
TOC Hut.u. I 22.90. 612.00' 51.BO' 51.00' 7.10' 15.901 16.101 UOI 6.60' 10.10' lO.10' 2.30' 649.00' NAI 21.601 NAI MA' NAI MA. 

H ... 16.251 322.35 • 30.851 51.001 6.101 9.451 15.65. 2.60. 1.90. 9.601 15.95' 2.30. m.25· MA. 20.40' MA. NA' MA' NA. 

· · · · · · I 

I • · · · · · · · · · · · · · • . 
Count 1 6. 6' 6' ,. 6' 6. 6' 6. 6' 6' 6' 3. 6' 3' 6. 3. 3. 2. 2' 

Toluen. "iXUU' t 0.0050. 0.0120' 0.0110' 0.0050' 0.0050' 0.0200' 0.0050' 0.0012' 0.0110 I 0.0050 • O.OObl' 0.0110' 0.00501 O.OOlS' 0.0050 • 0.0015' 0.0075' o.om· 0.0025' 

"nn 0.0039. 0.0062' 0.0052' 0.00l9' 0.0038' O.OOP· 0.0038 • 0.0015. 0.0061 • 0.0038. 0.001l' 0.00121 O.OOlB, 0.0025' O.OOlB' 0.0025' o.c025' 0.0025' 0.0025. 

· · · · · · · · · · . · · · • I · · · · · · · Count 6. 6' 6' 6' 6' 6' 6' 61 6' 6' 6' 3' 6' ,. 6. ,. l' 2' 2' 
Irln.1,2-DHh\D,orthp"Knllu,: 0.0050' o.oO~O • 0.0050 I 0.0050 • 0.0050' 0.0050' 0.2900' 0.0050. 0.00501 0.0050 • 0.0050' 0.0050' 0.00501 0.0025' 0.5800' 0.0025' 0.0025' 0.0025' 0.71001 

" ... n.OP38 • 0.003D • 0.0038' 0.0039' O.OOlB' 0.00l9' o.mo· 0.0018. 0.0018' 0.00l8' 0.00391 0.00l!' 0.0018' 0.0025' 0.\128. 0.0075 • 0.0025. 0.0025' 0.1150' 

· · · · · · , · · · , I · I · · · I I 

[ounl 6. 61 6' 6' 61 ,. 6' 6. 61 6' 6' 3' 6' " 
6. 3' 3' 2' 2' 

TrlehID,~.thtRr ",,"u.1 O.OO~O • 0.0050' 0.00501 0.1300. 0.0092' 0.0620'2B.0000' 0.0230. 0.0810' 0.0190 • 0.0050' 0.0050' 0.00501 0.0025' 3.9000' 0.01101 0.1500' 00015' 9.2000' 

"fi' 0.0039. 0.0019' 0.00191 0.0155' o.om. 0.0209' 6.01\1' 0.0110. 0.0291' 0.0065' 0.003B' 0.0033' 0.0039' 0.0025. I.ml' 0.0019' 0.1lO0' 0.0025' UOOO. 

~:IIll'':;lIIt~tll:::::It==.:I •• :I::I:lt;::J::::t::tI=II~=S::!:I:I.Ii.ZI •• :I •• '\!I.t~.If~.~ .. ::lt=: ••• ".:lIi'!l~n:.'!.I!I •• Jtt •• :tZ:lc::c=::a:::,:s::~l&~:::II!I!! • • t ••• IS.lI .......................... : ...... :: •• lI •• :1It .......•• ".II •••••••••••••• tll •• I.lI •••• I'''.II: ••• , ...... ,~lI •• I' •• * •••• 11:1: ••••• 
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• APPENDIX D 

CONSTITUENTS ADDED NOVEMBER 1986 



• • 
Lonltltuentl Added NO"06 

""IIUI and "oan Concenlrahon. 01 Conshlu.nls O.hud in NIROP Ground hhr Analylil Ilq/ll 

Dale: Parnehr II-S II-D I I-PC 12-S 12-0 I HC Il-S 13-D I He 14-S I H I HC 15-S 15-D 16-5 16-0 17-S 
~M~~ ~~ ~ ~ ____ ~~* ._** *~ •••• __ ~ •• ________________ .. _-_ .. _--------------------------------------------_ ..... ------_ .... _ ......... -----------------_ .. __ ... _---_ ........ __ .. _-_ ...... _ .... _-_ ......... -_ .. __ .. _-----_ ........ _-_ ...... _ ........... -....................... "' ........ "' ............................ 
N.,-96 : 2-&ut~non. I( 0.010 0.010 I ( 0.0101 ( 0.010 I ( 0.0101( 0.010 I ( O.OIOI( G.OIO I ( 0.0101( G.OIOI( 0.0101( MIOI( 0.0101 ( O.OIOI( MIOI( 0.0101( 0.0101 

Mo,·Bb: AIk,lInlly I m 2311 2311 569: 2681 8.51 1911 J021 2391 2121 2591 2331 4971 JBlI 4561 2601 m: 
No,-B6: Arsentc. DlSs. I ( 0.005 ( O.OOSI( O.OOSI( O.OOSI( o.oosle O.OOSI( O.OOSI( O.OOSI( O.OOSI( 0.005 I e 0.0051 ( D.OOSI( 0.005 I ( O.OOSI( 0.005 I ( O.OOSI( 0.0051 

No,·86:eartul.Om 0.080 0.040 I 0.1191 O.IOS I 0.075 I 0.0511 0.1651 0.074 I 0.0341 0.0581 0.099 I 0.0931 0.061 I 0.0901 0.077 I 0.0921 0.060 I 

N"'B6 I Banul. lohl I I I I I 0.0001 I I I I I I I I I 

No,-96IC.dIIUI,Dlss. I ( 0.0001 0.00041 0.00091 0.0006 I ( 0.0001 I 0.0005 I 0.00031 0.00041 0.0005 I 0.00061 0.00021 O.OOOSI 0.00091(0.00011 0.0004 I ( 0.0001 I 0.00091 

NodbIC.lclul.DIII. 101 96.0 I BI.51 1691 110 I 21.1 I 151 I 1151 1101 64.91 99.11 90.41 1961 1171 1451 1021 2161 

No,-S6 I C.ICIUI. lotil I I I I 1691 I I I ' I I I 1 , 
Ho,-Sb \ tMandt 1M 10,,1 58.4 I 1.5 I 11.11 59.11 4.81 22.61 11.11 4,21 lUI 15.6 1 SUI 1.21 32.11 11.51 \9.11 

No,·ObIChrollu •• DISS. 0.005 0.0021 0.0021 0.0031 0.0011 0.0021 0.0031 0.001 I 0.002 0.002 0.001 I ( 0.0011 0.002 I 0.0021 ( 0.001 I ( 0.001 0.0021 

No,·BbICopper.Diss. 0.004 ( 0.001 I 0.0051 0.009 I ( 0.001 I 0.0031 0.0031 0.0061 0.003 0.009 0.0011 0.0021 0.004 I ( 0.001 ( 0.0011 0.009 0.003 I 

No,·Bb I lud. Om. I( 0.001.( 0.001 I 0.002 I 0.0011( 0.001 I 0.0031 0.0021! 0.001 I 0.001 ( 0.001 0.0011( 0.001 I ( 0.001 I ( 0.001 0.002 I 0.003 0.0021 

No,·B6:K.gr,fslul.Dlsl. 20.21 38.91 45.01 39.61 51.6 10.1 I 30.11 \l.sl 54.9 21.5 49.4' 4MI 43.S I 61.1 39.41 41.6 27.31 

No,-B61",nqinfu.OI5I. I 1.011 0.0901 0.04£1 0.198 0.192 0.0021 1.01 I n.m I 0.052 0.005 0.362 0.210 I o.ml 0.100 O.~64 I o.no 1.011 

Nov-86 I nercury. DISS. I ( 0.0004 I ( 0.0004 I < 0.0004 I ( 0.0004 (0.0004 < 0.0004 I ( 0.0004 I < 0.0001 I ( 0.0004 (0.0004 (0.0001 ( 0.0001 I ( 0.0001 I ( 0.0001 (0.00041(0.0004 (0.00041 

No,·96 I Nlchl. Om. I 0.0091 0.003 I ( 0.001 I 0.005 0.002 0.0011 ( 0.0011 O.OOll( 0.001 0.009 ( 0.001 0.01l1 O.Olll( 0.001 0.025 I 0.043 0.0121 

No..o6: Nllrlll'Nltrogen I I 0.209 I 1.37 0.1601 1.171 I 0.060 6.56 0.1061 2,661 I 0.036 3.291 

No,-8b I Foiamul. DISI. l.n I 2.201 3.281 5.69 2.61 36.BI 3.851 2.20 I 2.&2 2.79 2.43 1.521 4.671 2.74 4.001 2.14 2.UI 

NO"B6 IS,lfnJu,. 0111. I( O.OO~ I ( O.OO~ I ( 0.005 I ( 0.005 O.OO~ 0.0051 ( 0.005 I ( 0.0051 ( O.OO~ O.OO~ O.OO~ 0.005 I ( O.OOSI( 0.005 0.005 I ( O.OOS ( 0.0051 

Mov-B6ISeholul.lolal I I I I I( 0.0051 I I I I I 

Nn,-86 I SiI,er. Om. I 0.0051 0.003 I 0.002 I ( 0.001 0.001 0.0011( o.oOII( 0.001 I ( 0.001 ( 0.001 0.001 ( O.OOII( 0.0011 0.003 O.OOII( 0.001 ( 0.0011 

No.-9.I Sodllll,Oiss. 14.31 5.951 12.91 5.99 6.06 ltD I 7.911 1.811 UBI 11.5 13.5 10.21 18.01 1.51 26.01 15.0 6.171 

No,-96 I Sulhln 17.51 1291 96.0 I 56.3 181 1101 91.01 2031 1041 45.2 148 9S.91 1921 1841 1121 176 1481 

No, 86 I Irtthlorof(uoroltlhine I( 0.0051 ( 0.0051 ( 0.005 I ( 0.005 ( 0.005 0.00771( 0.005 I ( 0.005 I ( 0.005 I ( 0.005 I ( 0.005 ( D.OOSI( O.OOSI( D.OOSI( O.0051( 0.005 ( 0.005 I 

Mo,·86\ltnt.Dt ... I C.IllI 1.25 I 0.0681 o.BM 0.&60 ( 6.0101 0.131 I 0.8\21 0.151 I D.m I 0.191 0.086 I 0.6011 0.691 I 0.909 I 0.821 1.05 I 

hqel 2!-Apr-81 



Oat. :P' .... t.r 

Nov-BbI2-9uta.ooe 
H&,-9h 1 All.IJnJtv 
Nov·a6 : ~r~en1C. DIu. 
N.,-86 1&."".0155 
Nov-a.ISmul.lohl 
Nod6IC,dIIUI.DI55. 
No,-BbICaIClUI.Dm. 
No,-S6 I CaICI.I, lotd 
No.-96lChlonde 
No,-B6 IChrollu., DlSs. 
Nov-B. I topp~r, Om. 
No,-86Ilead,Dm. 
No,-96: ",!ne5Iu,. Din. 
No,-ObIH,ngao ... ,OiSl. 
Hov-B6: Hereu", DlSs. 
No..e6I NlcI.I,Dm. 
N ... B.: Nlt,,\t-Nllr0gen 
No,-B~ I POIiSSI.I, 0155. 
No,-86 I Sehnlu •• 0115. 
No,-D. I Sehnul. lola I 
"0,-86 I Silver. DIU. 
No,-DbISodl.I,Olss. 
"0..86ISullIlI' 
No,-9611mhlorofluorolllhin. 
No,-Oblltnc.DIS!. 

• • 

"I,IIUI and "un ConnnlrallOns 01 ConslllueRII D.lfC.d In HIRDP£,oundNIII, Anllyth 119/11 

17-0 18-S 18-0 I '-9 1'-0 r 10-5 r /I-S 1 IN 113-5 I \I-S r 15-9 I "-5 I U-S 118-S I \9-9 120-5 I m-l] I 

1 ( 0.010 I ( 0.010 I ( 0.010 I ( 0.010 r I 0.010 I ( 0.010: ( 0.010 I ( 0.010 I ( 0.010 I ( 0.010 I ( 0.010 I ( 0.010 r ( 0.010 I ( 0.010 I ( 0.010 I ( 0.010 I ( 0.010 I 
I 303 I 469 I 267 I m I 3b2 I 493 I m I m 1 m 1 m 1 477 r 395 I 158 1 101 1 261 1 190 I ~I I 
1< 0.0051'( O.OOSI( D.OOSI( 0.0051 ( O.OOSf( 0.005'( a.OOSI( 0.0051 ( O.DOSI( 0.0051 0.0II1( G.OO' I ( O.OOSIC O.OOSI( O.OOSI( O.OoSI( 0.0051 

0.1111 0.0121 0.0901 0.1091 0.0611 0.0191 0.1061 0.0641 0.0931 0.0931 o.ml 0.0681 0.0501 0.0951 0.0321 0.0551 0.1281 
\ \ I 0.9861 I \ I I I I 0.1121 I I I I I I 

0.00021 0.00091 0.00011 0.0006\ 0.00011 0.00061(0.00011 0.00101 0.00111 0.00211 0.00081 0.00101 0,00061 0.00051 0.00211 0.00091 0.00041 
III I III I m I III 1 1221 III \ 1591 1261 154 I IVOI 1591 1~81 1101 1511 66.01 66.0 I 20BI 

I I I 1511 I I I I I 2011 1 1 I I I I 
36.01 5.91 47.71 15.11 42.91 36.61 23.21 15.11 11.11 5UI 15.01 4061 25.61 2UI 51.61 15.31 12.91 

0.0021 0.0021 0.0021 0.0031 0.0021 0.001: O.OOII( O.OOIIC O.OOII( 0.0011 0.0021 0.0011 0.0031 0.0021 0.0021 0.0011 0.0011 
0.001 I 0.001 I 0.002 I 0.005 I 0.002 I 0.005 I 0.002 I 0.002 I 0.006 I 0.002 I 0.002 I 0.001 I 0.0031 0.003 I 0.001 I 0.004 I 0.002 I 
o.o021( 0.0011 0.0021 0.0031 0.0111 0.0051 ( 0.0011 0.0011 0.0051 0.0041 0.0031 0.0011 0.0051 0.0011 0.0091 0.0041 0.0031 
52.41 33.0 I 54.91 31.01 49.21 50.81 58.11 33.81 16.91 n.BI 53.41 29.01 54.91 54.11 lB. 0 1 11.21 53.41 

: 0.103: 1.91: 0.7001 0.0261 0.1121 1.59: 0.0031 1.201 1.501 0.8761 1.961 1.041 0.3881 0.9201 0.0341 0.0881 1.001 
I ( 0.0004 I ( 0.0004 I ( 0.0001 I ( 0.0001 I ( 0.0004 I ( 0.0004 I ( 0.0001 I ( 0.0001 I ( 0.0001 I ( 0.0004 I ( 0.0001 I ( 0.0004 I ( 0.0004 I ( 0.0004 I ( 0.0004 I I 0.0001 I ( 0.0001 I 
I ( 0.00. I o.oS4 I ( 0.001 I ( 0.001 I 0.001 I 0.032 I 0.004 I 0.006 I 0.013 I 0.037 I ( 0.001 I 0.005 I 0.001 I ( 0.001 I ( 0.001 I 0.004 I ( 0.001 I 

0.0311 1.691 0.0221 3.921 0.2211 0.2051 0.80ll 6.051 2.091 17.01 0.0281 0.1101 2.011 0.0161 2.741 o.ml 0.0201 
I 4.751 3.141 I." 1 5.491 3.521 3.67 I 1.971 MIl 1.061 1.911 1.921 1.291 3.051 2.Bll 2.221 2.221 3.161 
I ( 0.005 I ( 0.005 I ( 0.005 I 0.049 I ( 0.005 I ( 0.005 I ( 0.005 I ( 0.005 I ( 0.005 I 0.008 I ( 0.005 I ( 0.005 I ( 0.005 I ( 0.005 I ( O.OO~ I I 0.003 I ( O.DOS I 

I I I 0.0141 I I I I I I( 0.0051 I I I I I I 
I( 0.0011 0.0021( O.OOII( 0.0011 0.0021 ( 0.0011( 0.0011 0.0011( 0.0011( 0.0011( 0.00., G.OOll( 0.0011 0.0021 0.00211 G.OOII( 0.0011 
I 9.361 6.891 11.01 28.21 IMI lUI 1.111 11.11 6.501 5.111 10.61 4.141 lUI 8.181 '1.11 9.151 7.191 
I 2511 1931 2121 91.11 1891 2241 3631 56.41 21BI 1611 liB I 59.51 3131 1221 16.81 12 •• ' 11" 
I( O.OOSI( O.OOSI( O.OOSI( G.OOSI( O.OOSI( G.OOSI( D.DOSI( MOSI( 0.0051 ( D.OOSI( O.OOSI( o.onl( O.OOSI( O.OOSI( 0.0051 ( O.OOSI( 0.0051 
I 1.231 4.111 1.0ll 0.\B41 1.071 0.1351 0.2161 3.811 3.031 3.251 1.811 2.811 2.111 4.711 3.181 3.101 0.52&1 

Piql2 21-Apr-87 



• • 
tonstllutnIsAddedNo,-B& 

""itu. ,nd Nm COIIuntr,tioos 01 tonstltuents Oeltud in NIROP Snund hler Analysis ('glll 

hte Ip., .. etfr I 811.1 I alnBUl1 Ru8tUI Irpml'l IrpBlk'2l Irp8\13\ IrpBIUI Dupl I I Ou_12 I Dupl' 
.. ~ ................ --- ...... -......................................... -.. -...................... ---_ ......................... -_ ...................................................... -_ ..................... -_ ........................ - ................................................... 
Ha,-86 2-9.lIoon, I( G.OIOI( 0.010 I ( 0.0101 ( 0.010 I ( O.GIOI( G.OIOI( 0.0101 ( o.olore 0.0101 
Nov-!. Alhllnllv I( UI( 5.01( 5.01 I I I 4841 WI 4161 
"ov-9h Anlnlt. DIU. Ie 0;0051 ( O.oO~ I ( 0.0051 I I I( O.OOSI( 0.0051 MIS I 
No..a. am •• ,.OIIl /( G.OIOI( 0.0101 ( 0.010 I I I 1 0.1521 0.1151 0.1171 
Ho,-86 hllUI,lohl I( G.OIOI( 0.0101 ( 0.0101 I I I 0.194 I 0.5111 0.1601-
NDV-Bh Cid.I.,.Dlss. I 0.00041(0.00011 0.00021 I I 0.00031 0.00041 0.0008 I 
Nov-8& C.IClbt.oUI. l( O.IOOle O.IOOIC 0.1001 I I 1571 1281 1511 
No..o6 CilIlUt, Tohl I( 0.11 I( 0.11 I I 1131 86.51 3901 
N.,-B6 Chloride I( I.OI( I.OI( 1.01 I I UI 15.31 15.11 
No..a. Chr.,lol, Din. I 0.001 : 0.002 I 0.0021 I I 0.0021 0.0621 0.0021 
No,-9& Copper,DlSs. I 0.0031 0.0091 0.0021 I I 0.0021 0.0041 0.0021 
No,-86 lead,DI55. I 0.00211 0.0011 0.0021 I I 0.0031 0.0031 0.0011 
Ho,-96 "ilneslul, Din. I( 0.0101 ( 0.1001 ( 0.1001 I 1 29.51 32.81 52.11 
No,-86 ftanqlnm, Dill. I( O.OlOII D.OlDI( 0.0301 I I 1.021 0.0271 1.981 
No,-86 "eleory, DIU. 1(0.00041(0.00041(0.00011 I 1(0.00011(0.00011(0.00041 

"0,-86 Nlctfl,Dl5f, \( 0.0011 D.OOII( 0,0011 I I( O.OOII( 0.001 I ( 0.0011 
No,-96 Nllrih-Nllrog!n I 0.0211 I 0.0231 I I 1,161 S.8SI 0.0281 

"0.-86 Polmlul.Dlu. I( 0.1001 ( 0.1001 ( 0.1001 I I 3.851 5.'" 4.921 
Hov-9& Selenl.I,DI". I( O.OOSI( O.OOSI( 0.0051 I I( 0.0051 O.OSI 1 { 0.005 I 
ND,-96 S.lenlo., T.hl I( 0.00SI(0.00501( 0.0051 I I I( 0.0051 O.OlSI( 0.0051 
No,-86 SII"r.OISI. I( 0.0011( O.OOII( 0.0011 I I I{ 0.001 I ( UOII( 0.0011 
No,-86 Sodlul,Dus. I( O.IOOI( O.IOOI( 0.1001 I I I 6.211 n.11 10.61 
Hodb Solhtu I( IO.OI( a.ol( 10.01 I I I 96.51 43.01 3191 
".,-96 II"MorolluOI.lethane I( O.MSI( 0.0051 ( D.OOSI( D.OOSI( 0.O051( O.OOSI( O.OOSI( O.OOSI( 0.0051 
No,-86 hne.D"5. I( D.OlOI( D.OlOI( 0.030 I I I I 0.1291 0.1721 1.861 
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1. INTRODOCTION 

RMT recently completed two reports for the COE concerning the Naval 

Industrial Reserve Ordnance Plant (NIROP) at Fridley, Minnesota: 

Remedial Investigation Report for Remedial Investigation/ 
Feasibility Study at Naval Industrial Reserve Ordnance Plant, 
Fridley, Minnesota. June 1987. 

Interim Report for RI/FS at NIROP, Fridley, Minnesota. May 
1987. 

These reports summarized existing information related to the NIROP 

site and surrounding areas which was developed by other consultants, the 

Corps of Engineers, and RMT. The information and data were then used to 

describe the site conditions, to identify potential chemical constitu-

ents of concern, and to prepare a proposed workplan for additional 

investigations on and around the NIROP site • 
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2. PUR.POSE 

The purpose of this preliminary submittal of Feasibility Study (FS) 

Task 1il0 is to develop a preliminary listing and description of site

specific remedial alternatives for review by the ~linnesota Pollution 

Control Agency (MPCA) prior to further development and screening of the 

alternatives. Comments on FS Task fHO received from the MPCA will be 

addressed during preparation of FS Task till - Initial Screening of 

Remedial Alternatives. FS Task #11 will also be submitted to the MPCA 

for review and comments prior to preparation of the complete FS Report. 
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3. CONSTITUENTS OF CONCERN 

Based on information presented in the two reports identified above, 

the potential constituents of concern may be grouped into three 

categories: metals, PCBs, and organics. Specific compounds or elements 

within each category have been detected in soil and/or ground water at 

the NIROP site. Major findings of the RI Report and the Interim Report 

related to these constituents are summarized as follows: 

3.1 Metals 

1. Relatively high concentrations of several metals were detected in 
the residuals removed from drums which were excavated from the 
pit/trench area in 1983. 

However, residual concentrations in the unexcavated soils sampled 
at the bottom of the pit/trench areas are generally consistent with 
"typical" soil concentrations. Therefore, metals were not 
considered when developing and screening treatment technologies for 
soil. 

2. Ground water samples collected during most investigations at the 
NIROP were not filtered in the field prior to analysis; only the 
November 1986 round of samples was filtered in the field. Prior to 
November 1986, only total concentrations (unfiltered sampies) were 
reported and the data suggested that significant concentrations of 
hazardous inorganic constituents could be found in the ground 
water. The samples collected in November 1986 had total concentra
tions fairly consistent with previous results. However, dissolved 
concentrations were considerably lower, indicative of the fact that 
much of the inorganic concentrations were associated with sediment 
in the samples. Sediment is not transported by ground water and is 
not generally consumed. In fact, only three constituents exceeded 
federal standards when dissolved concentrations were considered: 
manganese, sulfate, and selenium. Of these constituents, manganese 
and sulfate both exhibited concentrations in excess of Secondary 
Maximum Contaminant Levels (SMCLs) in background wells as well as 
downgradient wells. 

Selenium in a sample from well 9-S (0.049 mg/l) is the only 
dissolved inorganic constituent detected in ground water above a 
Naximum Contaminant Level (MCL). The MCL and Maximum Contaminant 
Level Goal (MCLG) for selenium are 0.010 and 0.045 mg /1, res pec
tively. Well 9-S is located along the eastern (upgradient) edge of 
the NIROP facility. Thus, it is possible that the selenium 
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detected in well 9-S may be related to an off-site source. 
Selenium ( total or dissolved) has only been analyzed in one 
sampling round (November 1986). Additional sampling would be 
required to increase the certainty in any interpretation of 
selenium occurrence. 

3.2 PCBs 

1. PCBs have been de tected in drums excavated fr om the pi t/ trench 
area. Residual concentrations in the unexcavated soils were less 
than 1 mg/kg (1 ppm). 

2. PCBs have been reported in ground water samples during 1984, 1985, 
and 1986. However, the reported levels are generally less than 
1 ug!l (1 ppb), at or near the analytical detection limit, and show 
inconsistent identification of the Aroclors detected. Based on the 
above results, the occurrence of PCBs was not considered 
significant when developing and screening treatment technologies. 

3.3 Organics 

Several organics have been detected in excavated drums, soil, and 

ground water at the NIROP site. 

1. Organics detected in drums excavated from the pit/trench area 
include benzene, alkylated benzenes, cresols, isopropanol, methyl 
ethyl ketone (MEK) , naphthalene, toluene, trichloroethylene (TCE), 
and xylenes. 

2. Based on the results of unsaturated zone soil samples from one foot 
below the pit/trench bottoms, residual VOC concentrations beneath 
the excavated pit/trench areas were reported as generally less than 
1 mg/kg total VOC. However, trenches 3, 6, and 7 contained higher 
concentrations. Subsequent analyses of trenches 3 and 6 indicated 
that, although 34 samples had total VOCs of less than 1 ppm, 
samples from two soil borings in trench 3 had total VOCs greater 
than 100 mg/kg. TCE was the predominant organic, with PCE, 
toluene, and 1,1,1-trichloroethane also present. 

3. Organic constituents have been analyzed in samples from all eight 
ground water monitoring rounds. However, the same constituents 
have not been analyzed in all the rounds. The four constituents 
that appear to be of concern include the following: 
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Benzene was analyzed in all eight sampling rounds and detected 
in 19 percent of the samples (although it was not always 
quantifiable). Reported values exceed the MCL of 0.005 mg/l 
in 10 of the 34 monitoring wells. 

1,2-Dichloroethylene was analyzed in three sampling rounds. 
In the November 1986 round, it was reported in samples from 11 
wells, ranging from 0.022 to 0.53 mg/l. The proposed MCLG of 
0.07 mg/l was exceeded in samples from six wells. 

Tetrachloroethylene (PCE) was analyzed in all eight sampling 
rounds. The concentrations have generally decreased since 
completion of the remedial actions in the pit/trench areas. 
However, levels have remained relatively constant and high in 
samples from wells 6-5 and 9-5 (located near the southwest 
corner of the main NIROP build1ng and near the eastern 
boundary, of the property, respectively). The proposed MCLG 
for PCE is zero. 

Trichloroethylene (TCE) was analyzed in samples from all eight 
sampling rounds. Over one-half (22 of 34 wells) of the 
moni taring wells have had samples which exceeded the MCL of 
0.005 mg/1 at least one time. The highest concentrations have 
been associated with the following wells: 

FMC-33 
3-5 
6-5 
8-D 
8-S 
9-8 
18-S 

(Pit/Trench Area) 
(Pit/Trench Area) 
(Southwestern Edge of Property) 
(Downgradient and Off-Site) 
(Pit/Trench Area) 
(Eastern Edge of Property) 
(Downgradient and Off-Site) 

There are 34 ground water monitoring wells at the facility at this 
time. After eight rounds of sampling, the results indicate the 
following for TCE: 

It was reported in more samples than any other organic 
compound. 

The reported values exceeded the MCL in more samples than any 
other organic compound. 

It was reported at a concentration greater than that reported 
for any other organic compound. 

22 of the 34 monitoring wells have had samples which 
reportedly exceed the MCL. 

There are only 3 wells where the TCE MCL was not exceeded but 
another organiC compound MCL or MCLG was exceeded. 
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Based on the findings described above ~ TGE was chosen as the 

primary chemical constituent of concern for several reasons. First, it 

was the most frequently detected chemical. Second, it has been reported 

at relatively high concentrations. Third, it was normally reported 

whenever another organic was reported. Fourth~ the physical, chemical, 

and thermal properties of the other organics that have been detected are 

similar to those of TGE. Therefore, the remediation technologies that 

were developed and screened (as described in the Interim Report, May 

1987) addressed the,containment, removal, treatment, and disposal of the 

o 
organic compounds abserved at the facility as well as TeE • 

• 
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4. CONTAKlNATED MEDIA 

Based on information from the two reports described in the previous 

section, two types of media and several areas of contamination will be 

considered when developing the remedial alternatives. The types of 

media and areas of contamination include ground water beneath the entire 

NIROP facility and VOC-contaminated soil beneath trench 3. 

At the present time, the existing information is not sufficient to 

define the potential presence and extent of residual or continuing 

contamination of soil and ground water by organics in several additional 

areas at the NIROP. These areas include the following: 

The pit/trench area north of the NIROP plant. 

Two underground tanks near monitoring well 9-8. 

Plant storm sewers discharging to the Mississippi River on the 
west side of the NIROP building. 

A potential TCE source near the southwestern corner of the 
NIROP building. 

Sources of ground water contamination off the NIROP property. 

The "Conceptual Workplan for Additional Field Investigations at 

NIROP" (RMT, June 1987) which was recently submitted to the Corps of 

Engineers and the U. S. Navy, addresses proposed site investigation 

activities for the areas listed above. Therefore, these areas have not 

been speCifically addressed when developing the preliminary list of 

site-specific remedial alternatives. 
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5. RESPONSE OBJECTIVES 

Under the Superfund Amendments and Reauthorization Act (SARA) of 

1986, the basic framework of the CERCLA RIfFS process remains intact. 

However, greater emphasis has been placed on risk reduc tion through 

destruction or detoxification remedial alternatives by utilizing 

technologies that permanently reduce toxicity, mobility, or volume. In 

addition, SARA Compliance Policy requires that remedial actions attain 

the applicable or relevant and appropriate requirements (ARARs) of 

federal and state public health and environmental laws. This has been 

codified in the National Contingency Plan - 40 CFR Part 300.68(i). 

Remedial technologies developed during the FS pre screening stage 

are assembled into remedial alternatives. The alternatives should be 

developed to cover a variety of response objectives. They should range 

from an alternative that would reduce toxicity, mobility, or volume to 

an alternative that would eliminate the need for long-term management 

(including monitoring). In addition, an alternative using containment 

with little or no treatment and a no-action alternative should be 

developed. Therefore, alternatives will be developed based on the 

following five categories: 

Alternatives 
appropriate. 

for off-site treatment or disposal, as 

Alternatives which attain applicable and/or relevant federal 
public health or environmental standards. 

Alternatives which exceed applicable and/or relevant public 
health or environmental standards. 

Alternatives which do not attain applicable and/or relevant 
public health or environmental standards but will reduce the 
likelihood of present or future threat from the hazardous 
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substances. This must include an alternative which closely 
approaches the level of protection provided by the applicable 
or relevant standards. 

No action. 

It is possible for a particular alternative to be put into more 

than one of these five categories. This is possible because treatment 

technologies can be implemented with several degrees of effectiveness, 

depending on the type of equipment involved, contaminant concentration, 

rate of treatment, etc. 

Some of the public health and environmental standards and criteria 

which should be considered when developing remedial alternatives are 

presented in the following list. The list is not intended to include 

all possible ARARs. 

Benzene 1,2-Dlcbloroethylene ICE 

MCL 5PID 

Ma..G 0 70 ppb* 0* 

Ambient Witer Quality 
Criteria for Fi:uIan Health 0.66 PID 0.80 PI*> 

Amm (8-Hour TLV-T:I.ne 
W=ighte:i Average) 10 ppn 200 ppn 50 ppn 

ACGIH = American Conference of Governmental Industrial Hygienists 
* Indicates a proposed value. 

TCE 

5 ppb 

0 

2.7 PID 

SO ppn 

Information obtained from selected reports found in the literature 

dealing with other hazardous waste/CERCLA sites, including Records of 

Decisions (RODs), which involve soil and/or ground water remediation 

activities of TCE and/or VOCs, are summarized below as examples of the 

types of alternatives which may be applicable to remedial action at the 

NIROP: 
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Approximately 30,000 cubic yards of paint sludge and 
associated contaminated soils were excavated from an unnamed 
facility. Site hydrogeology was complex with 5 major units, 
the uppermost being an unconfined glacial outwash aquifer, 
hydraulically connected wi th a river. It 'Was determined that 
all contamination was confined to the upper aquifer and that 
TCE was the dominant contaminant at the site. The Feasibility 
Study solution was to collect ground water via pumping, treat 
ground water via air stripping (selection based on lower 
capital, operation and maintenance costs versus carbon 
adsorption), with recharge of the treated water into the area 
of contamination to act as a flushing mechanism. Twelve air 
stripping units were needed with a total pumping rate of 600 
gallons per minute in order to attain a treatment level of 
les~ than or equal to 15 micrograms per liter (15 ppb) of TCE 
at a ground water temperature of 55°F (Reference 1, page 220). 

In Situ air stripping (vacuum extraction) was used during a 
14-week field program at a site comprised of sandy glacial 
soils where open burning of waste solvents had been performed 
periodically during a 30-year period. TCE had been found in 
the ground water at the site at concentrations 2 to 3 orders 
of magnitude greater than the recommended drinking water 
quality criteria at that time of 2.7 micrograms per liter, 
while soil concentrations had been found as high as 5,000 
mg/kg. The extraction wells were spaced 50 feet apart, using 
variable air flows of 50 to 225 cubic feet per minute. 
Exhaust air TCE concentrations ranged from 250 to 350 ppm. 
Although only an estimated 10 to 20 percent of the TCE was 
removed from the soil during the 14-week program, this 
amounted to nearly 1,600 pounds of TCE. Cost of the fo1l
scale remediation utilizing this technology was estimated at 
$15 to $20 per cubic yard of soil treated (Reference l, page 
322). 

At the Verona Well Field site (suppliers of potable water to 
most of the City of Battle Creek, Nichigan) the ground water 
was found to be contaminated with 7 VOCs (l,l-dichloroethane, 
1,2-dichloroethane, 1,1, I-trichloroethane, cis-l,2-dichloro
ethylene, l,l-dichloroethylene, trichloroethylene,. and 
perchloroethylene). 

VOC concentrations as high as 1,000 ppm were found in both 
ground water and soils. Soils on the property contained a 
total of approximately 1,700 pounds of VOCs and the ground 
water in the immediate vicinity contained a total of almost 
4,000 pounds of VOCs. The USEPA selected the enhanced 
volatilization of VOCs using a soil vapor extraction system to 
augment ground water treatment. Nearly complete removal of 
the contaminant mass from the unsaturated zone was expected to -
occur within one year. Vacuum pump rates were in the range of 
100 to 150 cubic feet per minute of air from each well with a 
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combined rate of approximately 1,000 to 2,000 cubic feet per 
minute. Cost of construction and operation of the vapor 
extraction system alone for the first year was estimated to be 
$410,000 (Reference 1, page 361). 

ApprOXimately 2,200 gallons of TCE and TCA (l, 1, 1-trichloro
ethane) had been released into the soil and had entered the 
ground water system at site A. The hydrogeologic system 
consisted of an alluvial aquifer separated from the lower 
aquifer by an aquitard. After revielNing several remedial 
action technologies, ground water pumping in conjunction lNith 
air stripping was selected as the most applicable technology 
(Reference 1, page 430). 

At the Wurtsmith Air Force Base in Oscoda, Michigan, over 
6,000 micrograms per liter of TCE was discovered in drinking 
water. Removal of the contaminated plume by pumping was 
chosen as a containment technology. The estimated cost for a 
granular activated carbon system to treat the ground water was 
determined to be unacceptable. After much full-scale 
experience with air stripping, the overall treatment cost was' 
approximately $0.03 per 1,000 liters, almost tenfold less than 
the estimated cost of activated carbon. The investigators 
determined that (assuming complete removal of 500 micrograms 
per liter of TCE from the 6.6 million liters per day ground 
water stream) the TCE concentration leaving the stripping 
towers would be approximately 25 micrograms per cubic meter, 
far below the 270 micrograms per cubic meter time weighted 
exposure limit recommended by the American Conference of 
Governmental Hygienists (Reference 3, page 119). 

An abandoned hazardous waste landfill in a gravel mine 
resulted in TCE, TCA, and other VOCs in the range of 500 to 
l,OOO ppm being found in shallow ground wa ter. Remedial 
action used on the medium to coarse sand and gravel aquifer of 
17 to 35 foot thickness included excavation, aeration and 
treatment of contaminated soils, and pumping of the 
contaminated ground water along with activated carbon 
treatment (Reference 2, Case Study #12). 

At the Fisher & Porter Site in Pennsylvania, ground water was 
contaminated with 87,000 ppb TCE and 26,000 ppb PCE. A packed 
column aeration tower was used to treat 75 gallons per minute 
of removed ground water down to a level of 4.5 ppb TCE and 3.5 
ppb peE. The treated effluent was then discharged to surface 
waters according to state stream discharge requirements 
(ROD/R03-84/004). 

At the LeHillier/Mankato Site in Minnesota, the shallow sand 
and gravel aquifer was contaminated with volatile halogenated 
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hydrocarbons, primarily TCE. Ten extraction wells with 
treatment by air stripping were used to lower TCE 
concentrations to acceptable levels (ROD/ROS-8S/024). 

The Main Street, Elkhart, Indiana site consisted of a coarse 
sand and gravel aquifer 175 feet thick which was contaminated 
with over 3,000 ppb TCE. Air stripping of ground water with 
discharge to the existing water treatment plant was chosen as 
the preferred remedial alternative (ROD/R05-85/0l7). 

At the San Gabriel/Area 1 site in California, ground water was 
contaminated with 1,800 ppb of TCE. The selected remedial 
alternative was the installation of 3 packed tower air
stripping treatment systems (ROD/R09-84-004). 

The information presented in this Response Objectives section will 

be used as a framework to develop remedial alternatives which fit into 

the five previously described categories. 
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6. REKEDlAL ALTERNATIVES 

As described in Section 5 and in the Interim Report (May, 1967), 

trichloroethylene (TCE) and the associated organic compounds were 

identified as the constituents of concern. TCE is considered the 

primary constituent of concern. The technologies that contain, remove, 

treat, or dispose of TCE-contaminated ground water and subsurface source 

areas in soil were identified and screened in order to eliminate those 

remedial technologies which were not appropriate for the NIROP site. 

The potentially viable remedial technologies which passed the screening 

(FS Task #9) are shown in Figure 1 and are listed below. 

Grouping 

Containment 

Removal 

Treatment 

Disposal 

Technology 

Capping soil with concrete or asphalt 
pavement. 

Excavation of solI. 
Removal of ground water with pumping wells. 

Treatment of soil with in-situ vacuum 
extraction, or with windrow volatilization. 
Treatment of ground water with air 
stripping, carbon adsorption, or both. 

Disposal of soil either on-site or off-site. 
Disposal of treated ground water using 
aquifer recharge or discharge to near-by 
surface waters, or discharge of untreated 
ground water to a PO'IW. 

Six remedial alternatives have been developed from these 

technologies. Four of the six are intended to be source control 

measures for contaminated soil, and two are migration management 

measures for contaminated ground water. In addition, two alternatives 

have been developed to protect potential ground water receptors by 

addressing the proposed Ranney Well Field. The final remedial 

alternatives to be applied to the specific operable units as ultimately 
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defined at the NIROP site may include various combinations of the 8 

alternatives listed below. 

Alternative 

A -
1:1 -

C -
D -
E -
F -
G -

H -

Description 

Capping Contaminated Portions of Site 
Excavation and Disposal of Contaminated Soils 
Excavation, Treatment and Disposal of Soils 
Soils Treatment Using In-situ Vacuum Extraction 
Pumping and Disposal of Ground Water 
Pumping, Treatment, and Disposal of Ground Water 
Ground Water Treatment at the Proposed Ranney 
Well Field to Protect Receptors 
Movement of the Proposed Ranney Well Field to 
Protect Receptors 

The following is a brief discussion of each alternative and its 

advantages, disadvantages, and/or limitations. 

Alternative A - Capping Contaminated Portions of Site 

This alternative would consist of capping the contaminated area 

with concrete or asphalt pavement. Only those pit/trench areas which 

contain contaminated soil and which are not presently covered by the 

NIROP building or employee parking lot would be capped. This relatively 

economical alternative would reduce precipitation onto and infiltration 

through the contaminated soils, thereby reducing the amount of residual 

organics leached into the ground water. This alternative would reduce 

the mobility of residual organic compounds by reducing the quantity of 

leaching liquid, but would not reduce the toxicity, volume, or 

persistence of the contaminants. It does not remove actual or potential 

contaminant sources from the site such as contaminated soils, leaking 

tanks, or associated piping. Therefore, long-term monitoring would be 

required. While this alternative does not deal with already 

contaminated ground water, it does allow full use of the site in the 
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future. This alternative can be accomplished uSing conventional 

equipment and techniques, and does provide protection from direct 

exposure to contaminants. 

Alternative B - Excavation and Disposal of Contaminated Soils 

Areas which are identified as having VOC contamination above the 

specified cleanup level (an ARAR or other criteria) would be subject to 

this remedial alternative. Only those source areas accessible to 

excavation (i.e., .the areas not below the plant building) may be 

practically dealt with by this option. Vacuum extraction (Alternative 

D) may be feasible for those inaccessible source areas. Diffuse source 

areas or sources in deep saturated soils may limit the feasibility of 

this alternative by increasing the excavation cost and by generating 

prohibitively large soil volumes for subsequent disposal. This 

alternative will not deal with existing contaminated ground water and/or 

residual liquids from the dewatering of previously saturated alluvium. 

For liquid wastes, ground water treatment technologies may be 

feaSible. There are recent USEPA regulations restricting and/or banning 

the land disposal of certain solvent-contaminated wastes and soils. At 

this time, it appears that the soils at the NIROP facility may be land 

disposed at a RCRA Subtitle C hazardous waste disposal facility because 

they appear to contain less than 1 percent by weight of the "listed" 

solvents, and are therefore eligible for a variance from the land 

disposal restrictions. However, the de-emphasis on land disposal with 

SARA may limit the acceptability of this remedial alternative. Under 

this alternative, excavated soil would be disposed at an off-site 

facility. 
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Alternative C - Excavation, Treatment and Disposal of Soils 

This alternative would consist of excavation of soils which are 

contaminated by VOCs above the specified cleanup level (an ARAR or other 

criteria), followed by treatment using "natural" air stripping (Le.) 

volatilization) of the VOCs. The nature and extent of soil 

contamination would need to be identified prior to implementing this 

remedial alternative. In addition, the areas being excavated would need 

to be accessible to excavation equipment. Vacuum extraction 

(Alternative D) J?-8y be feasible for inaccessible areas. This 

alternative would not deal with the already contaminated ground water or 

the liquids resulting from dewatering of the saturated materials. 

Therefore, the toxicity, volume or mobility of the contaminated ground 

water would not be affected. Soil treatment could consis t of placing 

windrows of soil on an impervious surface (concrete or asphalt paved 

parking lot) and "turning" them on a regular basis until the VOC 

concentration was reduced to a predetermined level. The .. recla imed" 

soil could then be returned to the excavation areas at the NIROP 

facility. Field studies or volatilization modeling would need to be 

done to estimate the rate of volatilization and the daily quantity of 

VOCs released by this remediation method. A comparison would then be 

made between the quantity of VOCs and applicable state or federal air 

quality standards. 

Alternative D - Soils Treatment Using In-Situ Vacuum Extraction 

This remedial alternative has been designated by USEPA as an 

"innovative" technology and involves removal of volatile organic 
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contaminants from unsaturated soils using an air (vacuum) extraction 

well system. Areas with contaminated, unsaturated soils would first 

need to be identified, and the soil types would need to be classified. 

Specific well construction requirements, air extraction rates, and the 

estimated time to complete remediation would need to be determined under 

field conditions using pilot-scale tests because the treatment effec-

tiveness is a function of several site-specific variables. Vacuum 

extraction technologies are being used at hazardous waste cleanup sites 

with various degrees of success. In certain instances, the off-gases 

need to be treated prior to discharge to the atmosphere. Vacuum 

extraction could reduce the volume and toxicity of the VOC-contaminated 

unsaturated soil, but would have little or no effect on the previously 

contaminated ground water. This alternative may also require some form 

of ground water remediation for the previously contaminated ground 

water. Ground water pumping wells used to lower the water level (thUS 

allowing optimum effectiveness of the in-situ vacuum extraction) may 

also be beneficial, and would need to be evaluated using pumping tests • 

Alternative E - Pumping and Disposal of Ground Water 

Removal of ground water by pumping wells followed by disposal to a 

Publicly Owned Treatment Works (PO'IW) may be technically and econom

ically feasible. Ground water would most likely be removed through use 

of large-diameter pumping wells placed in areas of known TCE (and other 

organics) migration. For instance, possible locations include the 

pic/trench area, the southwest corner of the NIROP facility, and the 

southeast corner of the NIROP. The series of extraction wells would 
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then pump to a central collection line with subsequent disposal of the 

contaminated ground water to a POTW through the existing sanitary 

sewers. The optimum location of the extraction wells can only be 

determined after in-field pumping tests have more fully characterized 

the hydraulic properties of the aquifer. 

The technology of ground water removal by pumping provides for 

recovery of the contaminated water, as well as gradient control to limit 

migration of contaminated ground water. Removal of contaminated ground 

water also has the. advantage of "decontaminating" site soils located 

beneath the water table (e. g., desorbing contaminants from the soil 

particles), thereby potentially avoiding soil remediation measures for 

the saturation-zone soils. TCE and the associated organics would be 

removed from the soi1 1 s unsaturated zone by the natural leaching action 

of infiltration by precipitation. However, the amount of leaching 

required and the rate of desorption have not been evaluated for the 

soils at the NIROP site, and therefore the length of time needed for 

desorption has not been estimated. Large quantities of dilute organic 

compounds or small quantities of concentrated organic compounds may 

require an extended time period for complete leaching. Potentially, the 

rate of leaching could be enhanced by augmented infiltration of water 

through the unsaturated soil. Potable water or a portion of the pumped 

ground water that is treated could be used to increase the vae flushing. 

Alternative F - Pumping, TreatlRent, and Disposal of Ground Water 

This remedial alternative addresses only the ground water aspects 

of the NIROP site. Ground water pumping wells would be placed at 
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strategic locations on the NIl.{OP property and/ or in areas of known 

ground water contamination immediately adjacent to the property. Under 

this al ternative, there are no provisions for containing, removing, 

treating, or disposing of VOC-contaminated soil. However, a separate 

remedial alternative could be developed for the soil (e.g., Alternatives 

A, B, C, or D). This alternative for pumping, treating, and disposing 

ground water would reduce the volume and toxicity of contaminated ground 

water. Ground water treatment would consist of air stripping, carbon 

adsorption, or bot,h. The treated ground water could be disposed by 

reinjection into the aquifer, discharge to nearby surface waters, or 

discharge to the POTW (depending on the final effluent concentration). 

Alternative G - Ground Water Treatment a1: the Proposed Ranney Well 
Field to Protect Receptors 

This alternative would make use of air stripping, carbon 

adsorption, or air stripping followed by carbon adsorption to treat 

ground water pumped by the City of Minneapolis' proposed Ranney well 

system. This proposed auxiliary water supply system consists of a 

series of large diameter extraction wells finished in the alluvial 

deposits with horizontal feeder arms attached to the end of the 

extraction well. The proposed location of the wells is such tha't they 

would capture ground water flow from the NIROP site prior to discharge 

into the MiSSiSSippi River. The water collected by the Ranney wells 

would then be air stripped and polished using carbon adsorption prior to 

distribution to Minneapolis area water users. This alternative has the 

advantage of treating only the water actually intended for distribu-

tion. Prior to development of the Ranney well field, pumping tests 
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would need to be done to more fully define pump capture areas and ground 

water quantities to be treated. Ground water samples would also need to 

be analyzed to determine their quality and the potential variation of 

the TCE contamination over time. 

Alternative H - Move.ent of the Proposed Ranney Well Field to Protect 
Receptors 

This alternative would consist of moving the proposed Ranney well 

field to an area of uncontaminated ground water. Preliminary data t 

developed by firms other than RMT, indicate that such an area may be 

available further north on the shoreline of the MissisSippi River near 

Fridley well No. 13, or further east of the NIROP facility, upgradient 

of the site. This alternative would not deal with the existing ground 

water flowing into the river, which is then drawn upon by the water-

works. This alternative would also require in-depth analysis of aquifer 

conditions in the alternate area proposed for the location of the Ranney 

well field, including quantities of uncontaminated ground water 

available for removal • 
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