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EXECUTIVE SUMMARY

The Naval Industrial Reserve Ordnance Plant (NIROP) is located in

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

Metropolitan Area within the city limits o'f Fridley, Minnesota.

Advanced naval weapons systems are designed and manufactured at the

NIROP. The northern portion of the facility is government-owned and

•

operated by a private contractor (FMC Corporation), and the remainder of

the facility is owned independently by FMC.

A sequence of remedial investigations and remedial actions have

been performed at the NIROP and the abutting FMC-owned property.

Investigations began at the NIROP after the initial discovery in March

1981 of a potential hazardous substance release from the facility.

In March 1982, the U. S. Navy implemented the Navy Assessment and

Control of Installation Pollutants (NACIP) program to identify and

control environmental contamination fro~ past use and disposal of

hazardous substances at the NIROP. The NACIP program is designed to

conform to the scope and purposes of the National Oil and Hazardous

Substances Contingency Plan (NCP), known as the Superfund program,

established by the Comprehensive Environmental Response, Compensation,

and Liability Act of 1980 (CERCLA), as amended by the Superfund

Amendments and Reauthorization Act .(SARA) of 1986.

In implementing the NACIP program, the U. S. Navy has agreed to

conform to the requirements of the State of l1innesota Environmental

Response and Liability Act (MERLA), as authorized by Minnesota Chapter

115B.l7 and 115B.18. The MERLA is also designed to conform to the scope

••,
and purpose of CERCLA .
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Under the authority of MERLA, the Minnesota Pollution Control

Agency (MPCA) issued a Request for Response Action (RFRA) on Hay 22,

1984, to the Navy, for the NIROP site. Requested response actions

included both a Remedial Investigation (RI) and a Feasibility Study (FS)

as specified in the NCP (40 CFR Subpart 300.68 and Subpart 300.70).

The services of the United States Army Corps of Engineers (USACE)

were obtained by the U.S. Navy to manage the initial site investigation

and remedial actions, and to complete the RI/FS requested by the MPCA in

the RFRA. The USACE retained the services of RMT, Inc., in June 1986 to

assist the USACE with completion of the RI/FS. ~1T prepared and issued

an Interim Report in May 1987, and a RI Report in June 1987.

As directed by the USACE, the Interim Report was to be based only

on currently existing information from other sources provided to R..'1T.

Certain new information and data were included in the June 1987 RI

• Report. This new information primarily consisted of results from one

additional sampling round of existing ground water monitoring wells

(conducted in November 1986), and some additional information regarding

past and current plant facilities and operating practices.

To address the need for further information defining the nature and

extent of· contamination ,RMT prepared and issued a Conceptual Workplan

for Additional Investigations in June 1987. Implementation of this

Conceptual Workplan, as approved by the u.S. Navy and USACE, was

completed by RMT between November 1987 and l1arch 1988. The work

consisted of installation and sampling of 16 new ground water monitoring

wells, soil pore gas testing using a portable gas chromatograph,

installation of two intermediate-depth aquifer pumping/monitoring wells

.~
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(one for determining aquifer hydraulic properties and one for a 

contaminant time-series test), and sampling of two storm se'Wers. The 

results of these additional field investi3ations are included in an 

addendum to the June 1987 RI Report, issued in July 1988. 

This FS Report is based on the information presented in the June 

1987 RI Report, with certain new information regarding potential off

site, upgradient contaminant sources, and upda ted information regarding 

current status of an important potential receptor point, the proposed 

"Ranney" well system. 

Following the steps defined under the CERCLA process, prior to the 

SARA amendments, several potentially applicable remedial technologies 

were identified and screened. Technologies which passed through the 

screening step were then used to develop an initial list and description 

of feasible remedial actio'n alternatives. An initial screening of these 

remedial alternatives 'Was then performed, based on evaluation factors 

consisting of the relative degree of environmental protection provided, 

potential adverse environmental effects from implementation of the 

alternative, technical feasibility, and a rough cost comparison. 

Based on the initial screening of the alternatives, three remedial 

alternatives were recommended for detailed evaluation and comparison. 

These three alternatives consisted of two source control alternatives 

and one alternative addressing management of contaminant migration. 

The two source control alternatives are directed at remediation in 

the one area on the NIROP property known to contain residual 

contaminants in the soil, the site of trench 3 in the former waste 

disposal area at the north end of the plant. These alternatives involve 

1132.10 139:RTA:frid0608 iii 



.'
placing a concrete ~ap over the trench 3 area, or installation of an in-

situ vacuum extraction system in this same g~neral area.

The management of migration alternative which was recommended for

detailed evaluation involves a ground water pumping, treatment, and

disposal system. Under this alternative, five ground water extraction

wells would be installed across the site. All extracted ground water

would be treated in a new treatment system at the NIROP, then disposed

by discharge to either a storm sewer or to a leaching field constructed

above and upgradient to the former trench 3 area.

The conclusions from the detailed evaluation of the remedial

alternatives indicate that only one alternative is likely to attain all

applicable or relevant and appropriate requirements (ARARs) while

alternative is by far the most costly of the alternatives evaluated.

the alternative which

•
satisfying the various evaluation factors

includes pumping and treatment of ground water. However, this

Implementation of either of the source control alternatives, unless

combined with some amount of ground water pumping and treatment, is

likely to require a relatively long time to reach the same level of

human health protection provided by the ground water pumping and

treatment alternative.

The additional inf,ormation obtained from the field investigations

conducted from November 1987 through February 1988 at the NIROP may have

a significant effect on the information, evaluations, and conclusions of

this FS Report. RMT is currently preparing an addendum to this FS

Report based on the results, findings, and conclusions frOID: these
I

additional investigations, as described in the July 1988 RI Jddendum

• 1132.10 l39:RTA:frid0608 iv



alternative should be deferred until the FS Addendum Report has been

issued and evaluated .•

•

Report .

.'

Final selection or implementation of a remedial a tion
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1. INTRODUCTION

1.1 Background

The Feasibili ty Study (FS) is being performed in paIftial

fulfillment of Contract No. DACA4s-86-C-OOls between the U.S. Army Corps

of Engineers (USACE) and RMT, Inc., dated May 15, 1986, and Modification

No. P00003 to the base contract, dated September 28, 1987.

The Feasibility Study is motivated by the release or threat of

releases of hazardous subs tances a t the Naval Indus trial Reserve

Ordnance Plant (NIROP) in Fridley, Minnesota. It is part of a sequence

of remedial investigations and remedial actions that have been performed

at this site and the abutting FMC-owned site, which date to the initial

discovery of a potential hazardous substance release in Harch 1981. A

chronology of key events preceding this FS Report is presented in

Section 2.2.2 of this report •

This FS Report follows the submi ttal to the USACE of the Rerpedial

Investigation Report (RIR) in June 1987 (RMT, 1987d). The RIR

summarizes existing information related to the NIROP site and surround

ing areas. The data from the RIR are used to evaluate potential source

areas and the release of hazardous subs tances to the soil and ground

water. Pertinent information from the RIR has been summarized in

Section 2 of this report, along with certain additional information that

has been collected since submittal of the RIR.

The FS is developed as part of the Navy Assessment and Control of

Installation Pollutants (NACIP) program. The NACIP is the Navy's

incorporation of the Department of Defense (DOD) Installation

•
Restoration Program (IRP).
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scope and purposes of the National Oil and Hazardous Substances 

Con tingency Plan (NCP) of the United S ta tes Environmen tal Protection 

Agency (USEPA), generally known as the Superfund program, established by 

the Comprehensive Environmental Response, Compensa tion, and Liabili ty 

Act of 1980 (CERCLA), as amended by the Superfund Amendments and 

Reauthorization Act (SARA) of 1986. However, in accordance with R.MT's 

Scope of Services as specified by the USACE, this feasibili ty study was 

conducted following USEPA and USACE guidance documents for conducting 

feasibility studies in effect prior to the SARA of 1986. 

The navy has also agreed to conform to the requirements of the 

State of Minnesota Environmental Response and Liability Act (MERLA), and 

the State of Minnesota Superfund Act. The MERLA is authorized by 

Hinnesota Statute Chapter lISB.17 and llSB.18, and is also designed to 

conform to the purpose and scope of the CERCLA • 

Under the authority of the HERLA, the Hinnesota PolIu tion Control 

Agency (MPCA) issued a Reques t for Response Ac tion (RFRA) on i1ay 22, 

1984, to the Navy, for the NIROP site. Reques ted response ac tions 

included both the Remedial Investigation and the Feasibility Study in 

accordance wi th the RI and FS specified in the NCP (40 CFR Subpart 

300.68 and Subpart 300.70). The rea sons s ta ted in the RFRA for the 

request are the following: 

Contamination with hazardous substances has been identified in 
ground water and Mississippi River water, which are used as 
potable water supplies. 

The NIROP is a known source of hazardous substances. 

At present, the NIROP site is not an EPA Superfund site. It was 

nomina ted for inclusion on the Na tiona1 Priori ties Lis t by the iiPCA by 

letter dated January IS, 1986 • 

1332.10 139:RTA:frid0603 1-2 
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1.2 Purpose and Scope 

The purpose of the FS Report is to develop and evaluate remedial 

action alternatives (RAA) for the NIROP site in Fridley, Minnesota. The 

alternatives are evaluated in order to permit the USACE to recommend the 

most appropriate remedial action to mitigate the release or threatened 

release of hazardous substances from the NIROP site. The key areas of 

evaluation are as follows: 

Technical feasibility, including cleanup duration. 

Environmental effects of remedial actions. 

Capability of RAA to achieve regulatory (institutional) 
targets, which include the Applicable or Relevant and 
Appropriate Requirements CARARs) and other criteria, 
guidances, and advisories at the state and federal levels that 
are to be considered as regulatory targets. 

Public health effects . 

Cost. 

The scope of the FS Report consists of the following five tasks: 

Description of proposed response - includes the delineation of 
the nature and extent of the problem and the objectives of the 
remedial action. 

Preliminary remedial technologies 
potentially applicable technologies. 

involves screening of 

Development of alternatives - involves the combination of 
acceptable technologies which pass through the initial 
screening into alternative groupings to address the proposed 
response. 

Initial screening of alternatives - involves the non-cost and 
cost areas of evaluation listed above. 

Evaluation of alternatives involves both the detailed 
description of the alternatives remaining following the 
initial screening and the analysis of the alternatives using 
the non-cost and cost areas of evaluation listed above . 

1332.10 139:RTA:frid0608 1-3 
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1.3 Overview of FS Report 

The FS Report generally follows USEPA Guidance on Feasibility 

Studies under CERCLA (USEPA, 1985c) and the criteria specified in USACE 

Contract No. DACA45-86-C-0015. 

The report has been divided into seven major sections, including 

references (Section 7) and Appendices. 

Sections 2 through 6 are designed to provide sufficient summary 

information to enable the USACE to choose the preferred remedial action 

alternative. The summary information is supported by information 

provided in the RI Report (RMT, 1987d) and analyses presented in the FS 

Appendices. The report sections include the following material: 

Site background information 
information concerning the 
responses to date, the nature 
the objectives of the remedial 

to present the essential 
site history, the remedial 
and extent of the problem, and 
action (RA) (Section 2). 

Screening of remedial technologies - to present the rationale 
for removing certain technologies from consideration early in 
the process (Section 3). 

Remedial action alternatives to present reasonable 
combinations of technologies to address the RA objectives and 
to screen out the costlier or less preferable alternatives 
prior to detailed analysis (Section 3). 

Description of alternatives - to present the basic design 
assumptions and information for each alternative (Section 4). 

Analysis of remedial action alternatives 
sufficient comparative information to enable 
choose the preferred RAA (Section 5). 

to 
the 

present 
USACE to 

Summary of alternatives - to highlight essential findings and 
conclusions of the RAA analysis (Section 6) . 
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2. FEASIBILITY STUDY INTRODUCTION 

2.1 Overview 

The primary objec tive of this sec tion of the FS is to frame the 

hazardous waste contamination problem at NIROP to determine the remedial 

objec tives and cri teria for selec ting remedial ac tion technologies and 

alternatives that are appropriate for controlling on-site contaminant 

sources and managing off-site contaminant migration. The reme dial 

objectives and criteria are based on the goal of reducing exposure to 

hazardous contaminants at critical receptors such as existing and 

proposed drinking water supplies. 

In order to achieve this objective, informa tion from the Remedial 

Investigation Report (RIR, RMT, 1987d) is summarized to identify 

potential constituents of concern, primary contaminant source and 

transport media, potential sources of contamination (on-si te and off-

site), and potential receptors of contamination. Summa ries of the 

constituents of concern and contaminated media are presented in Table 2-

7 of Section 2.3.8. Summaries of potential contaminant sources and 

receptors are presented in Tables 2-1 and 2-3 of Sections 2.2.6 and 

2.3.8 respectively. 

The cons ti tu en ts of concern in ground wa ter are benz ene, 1,2-

dichloroethylene (cis- and trans- 1,2-DCE), tetrachloroethylene 

(perchloroethylene, PCE), and trichloroethylene (TeE), based both on the 

toxici ty of the cons ti tuen t and the measured level of ground water 

con tamina tion, as discussed in Sec tion 2.3.5 • However, of these, TeE is 

used as the indicator of the extent of the ground water contamination at 

the NIROP. Since TeE is the most pervasive constituent analyzed, using 

1332.10 139:RTA:frid0608 2-1 



TCE to determine extent of contamination reduces the likelihood of 

• inappropriately limiting the area under investigation. TCE is not used 

as an indicator of the specific risk to public health or the environment 

due to benzene or other compounds. Potential risk of constituents of 

concern is evaluated in Section 5. 

TCE has also been detected in of f-si te wells. Thus, part of the 

problem is to distinguish on-site from off-site sources of TCE and other 

constituents. No constituent has been identified to date that may be 

used as an indicator of on-site contamination sources that is unique" 

to the NIROP site. 

Additional information obtained since the submittal of the RIR is 

incorporated into this Section. However, additional field activities 

conducted by RMT between November 1987 and March 1988 are not 

incorporated in this FS report . They have been addressed in the RI • Addendum submitted in July 1988, and the FS Addendum scheduled for 

submittal in August 1988. 

Data presented in this Section in addition to data presented in the 

RIR concern sources of contamination, contaminant migration pathways, 

and potential receptors. Data on sources concern additional potential 

off-site sources (Sections 2.2.1 and 2.3.3), additional potential 

contaminant sources (Section 2.2.2), and additional quantification of 

the conditions at trench 3. a previously identified source (Section 

2.3.4). Additional data on contaminant pathways include volatile 

organic constituent (VaC) data from 1986 for on-site storm sewers and 

Mississippi River VOC data from 1982 for locations both upstream and 

downstream from the NIROP (Section 2.3.7). This Section also includes 

• 1332.10 139:RTA:frid0608 2-2 
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additional quantification of the magnitude and extent of the TCE ground 

water plume identified in the RIR (Section 2.3.5) and a re-evaluation of 

the rate of plume migration based on flow through higher permeability 

lenses (Section 2.3.6). Additional data regarding potential contaminant 

receptors includes 1983 data for VOCs at the City of Fridley Well No. 13 

and both the raw water intake and treated water from the l1inneapolis 

Water Treatment Plant downstream of the NIROP site (Section 2.3.7). New 

data regarding the changed status of the proposed "Ranney" well system 

are presented in Section 2.2.6. 

Additional remedial investigation field work was completed between 

November 1987 and March 1988. This field work included soil pore gas 

sampling to 

contamination. 

evaluate several potential source areas of VOC 

Eighteen (18) wells were installed and sampled, along 

with existing wells, to further define the magnitude and direction of 

ground water flow and the lateral and vertical extent of ground water 

contamination. Pump tests were conducted in.the southeast and southwest 

corners of the NIROP site. The pump test to the southwest was performed 

to evaluate hydraulic properties of the aquifer. Results of this test 

were used to evaluate the rate of contaminated ground water flow through 

the site, and to better estimate the effectiveness of wells proposed for 

management of contaminant migration. The pump test to the southeast was 

performed to evaluate whether ground water contamination identified in 

the area of well 9-S in the RIR was due to on-site or off-site 

sources. The results of this work are presented in the R1 Addendum 

report submitted in July 1988 • 

1332.10 139:RTA:frid0608 2-3 
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2.2 Site Background Information 

2.2.1 Site Description 

The Naval Industrial Reserve Ordnance Plant (NIROP) is located in 

an industrialized area within the City of Fridley, Hinnesota, 

approximately 0.25 miles east of the Mississippi River. It is bordered 

by East River Road and the 60-acre Anoka County Park to the west and a 

Burlington Northern Railroad switching yard to the east (see Figure 2-

1). Operations are managed by the Northern Ordnance Division of FMC 

Corporation. Site activity relates to the manufacture of advanced naval 

weapons systems and involves support facilities such as a foundry, paint 

shop, and metal plating plant. 

The site is comprised of 82.6 acres of government-owned land, of 

which approximately 50 acres are paved or covered with buildings. An 

additional area adjacent to the southern border of the site is owned by 

FMC Corporation, the NIROP operator. 

Regional Features (see Figure 2-1) 

Rice Creek flows into the Mississippi River approximately 2.4 miles 

upstream from the site. Rice Creek and/or the site are potentially 

downgradient from the New Brighton/Arden Hills/St. Anthony USEPA 

Superfund site, number 43 on Update 6 of the National Priorities List 

(NPL). and the Twin Cities Army Ammunition Plant (TCAAP). A Federal 

Facility Agreement was recently signed for the TCAAP site, where a 

Remedial Investigation/Feasibility Study (RI/FS) is required at each of 

14 separate areas where hazardous waste contamination has been 
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iden tified. A preliminary RI has been completed a t the New 

Brighton/Arden Hills/St. Anthony site, and completion of a comprehensive 

RI/FS is anticipated by the end of 1988. Interim Remedial Measures 

(IRM) have been implemented at both sites. 

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

parts of Minneapolis/St. Paul, New Brighton, St. Anthony, and most of 

Fridley and Brooklyn Center. The MPCA es tima tes tha t: approxima tely 

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

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

approxima tely 500,000 people are serviced by the Minneapolis surface 

water intake about one mile downstream from the site on the ~1ississippi 

River. 

Local Features (see Figure' 2-2) 

The site is potentially downgradient from the Kurt Hanufacturing 

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

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

less than 0.5 miles from the NIROP site. The site is adjacent to the 

FMC Corporation Fridley plant, USEPA Superfund site number 17 on Update 

6 of the NPL, located south of the NIROP site. The NIROP site is less 

than 1 mile upstream from the Minneapolis wa ter supply intake on the 

eastern shore of the Mississippi River. A poten tial ground wa ter 

exposure point, the loea tion of the "Ranney" well pump tes t, is also 

less than 1 mile to the south of the site near the water supply intake 

and along the east bank of the Mississippi River. Three ground water 
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pumping wells, currently not operating, are located on the NlROP 

prop~rty (wells FMC 1-3). An active ground water pumping well, Fridley 

Well No. 13, is 100 feet to the north of the northwest corner of the 

site. Additional abandoned pumping wells, currently on Anoka County 

Park Lands, are the north and south farmhouse wells. 

Several storm sewers discharge from the site into the l1ississippi 

River. One sanitary sewer discharges to the Pig's Eye Wastewater 

Treatment Plant. The treatment plant discharges to the l1ississippi 

Ri ve r downs t ream 0 f the NIROP. The storm sewers discharging from the 

NIROP had NPDES permits at least through 1984 for discharges of water 

withdrawn from FMC pumping well no. 1 for use in plant cooling (FMC, 

1983). 

Several drums containing hazardous chemicals and residues were 

excavated from an area on the northern portion of the NIROP property 

(referred to as the pit/trench area, shown on Figure 2-3 in general, and 

on Figure 2-4 in detail). Several above- and below-ground chemical and 

fuel oil storage tanks are currently used on-site. 

A new storage building was constructed in 1987 along the northern 

NIROP property line. The approximate dimensions are 100 feet by 660 

feet. 

2.2.2 Chronology of Remedial Work and Investigations 

The following chronology is from the Remedial Investigation Report 

(RMT, 1987d). 

1981 

March. Anonymous phone call to the Hinnesota Pollution Control 
Agency (MPCA) regarding waste disposal practices at the FMC
operated facility. 
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Harch 16 - April 23. Three production wells at the site, FMC 1-3,
screened in the Prairie du Chien/Jordan (PCJ) bedrock aquifer,
were sampled by the i1PCA. Analysis results showed 0.035 to
0.200 mg/l of trichloroethylene (TCE) detected.

April 24. Wells FI1C 1-3 were discontinued for drinking water
usage. Well FMC-l was intermittently used for process cooling
water until June 1983.

December 31. TCE was detected at 0.0012 mg/l at the Hinneapolis
water supply intake. Earlier in 1981, it was detected at
unquantifiable levels, during four sample rounds.

Storm sewer out falls shown on Figure 2-3 were sampled for
several constituents. Quantifiable levels of VOCs were
detected in the sanitary sewer and outfall NPDES 20200.

The site was divided into the North (Navy) and South (FMC)
study areas for additional investigations.

1982

March 31. Navy Assessment and Control of Installation Pollutants
(NACIP) program was implemented as part of the Department of
Defense Installation Restoration Program (IRP) to achieve
similar goal~ to USEPA's "Superfund" Program.

1983

June. Initial Assessment Study (lAS) for the NIROP site was
completed by Envirodyne Engineers. A key finding of their
data review was that the northern storage yard of the NIROP
site was used for burial of druwned waste in shallow pits and
trenches.

June. U.S" Army Corps of Engineers (USACE) was assigned to manage
site remediation. They installed 33 monitoring wells on and
around the site over the next 3 years.

1983 - 1984

November - March.

Geophysical investigations were used to locate potential
areas of drummed waste.

Nine areas were designated for excavation, as. shown on
Figure 2-4.

Forty-one drums containing hazardous and other wastes
were removed from trench 3, and two drums were removed
from pit 17.'. 1332.10 l39:RTA:frid0608 2-11
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1,200 cubic yards (cy) of soil considered hazardous were
disposed at an off-site RCRA-permitted facility.

Samples were analyzed from the soils at the base of each
excavation. Trenches 3, 6. and 7 showed greater than 1
mg/l total VOCs.

All pits and trenches were backfilled with clean fill.

1983 - 1986

Eight rounds of ground water sampling have been completed. The
last round was conducted in November 1986, by RMT. Inc.

1986

June. RMT, Inc., was retained by the USACE to complete the
Remedial Investigation/Feasibility Study.

FHC established an agreement with the MPCA to pump
contaminated ground water until total vac levels in certain
wells are less than 0.270 mg/l. Pumped water will be
discharged to the Pig's Eye Wastewater Treatment Plant.

1987

June. RMT issued a Remedial Investigation Report (RIR) (RMT,
1987d) in partial fulfillment of a ~~CA Request for Response
Action issued to the Navy in May 1984. The RIR included
evaluations of the eight sampling rounds and the no-action.
alternative.

September. During excavation of an on-site utility trench, a
strong odor was detected in the trench by construction
workers. Soil exposed during the excavation was later
monitored by MPCA using an HNU photoionization detector
(PID). The trench is along the northern property line of the
NIROP.

An anonymous phone call to Fi'1C directed the MPCA's attention
to a potential hazardous waste site in the vicinity of the
Dealers r~nufacturing facility located approximately 1,000
feet to the east of the NIROP.

2.2.3 Historical Description

A synopsis of the key items of this section from the RIR (RMT,

1987d) is presented below.

1332.10 139:RTA:frid0608 2-12
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Facility History

1940. Northern Pump Company (NPC) constructed the plant for the
Navy. Plant ownership was split between NPC and the Navy.
The site was formerly a Gorn field.

January 1941. Plant manufacturing in full production.

June 1942. Northern
management, later
(NOD).

Ordnance, Inc., was established
to be called Northern Ordnance

for si te
Division

•

January 31, 1964 - present.

FMC Corporation acquires the NOD.
The plant currently employs 3,200 people.
The site is a major naval weapons manufacturing facility
with substantial, diverse machine shop facilities.

Activities and Operations

Processing and Hanufacturing: machine shop, metal plating
shop, paint shop, assembly, foundry, heat treating, welding,
and support facilities.

Testing: ·electronics and metallurgical laboratories,
hydraulic test bays, shock/vibration test equipment .

Waste Products

Nonhazardous wastes:

Currently 4,000 tons per year general plant was te is
disposed at an off-site sanitary landfill.
During the 1940s-1970s, limited on-site incineration of
small burnable material was done, with off-site ash
disposal.

Hazardous wastes:

Current practice:

Collected in 55-gallon drums for off-site disposal by a
contractor.
Approximately 30 drums per month have been generated
since the early 1970s.

Early 1970s (and possibly earlier):

Pre-1973: Some off-site landfill disposal of indu trial
wastes such as paint sludges and chlorinated so vents
occurred •

• 1332.10 139:RTA:frid0608 2-13
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Early 1970s: Limited disposal of some industrial wastes
in on-site pits and trenches in the northern portion of
the site occurred.

wastewater treatment:

An on-site 0.1 MGD wastewater treatment plant for metal
plating wastes has been operational since 1973.

Sanitary and treated and untreated industrial wastewater
are discharged to the sanitary sewer system, as part of a
negotiated agreement with the Metropolitan Waste Control
Commission (MWCC).

Stormwater and Wastewater Disposal

Sanitary sewer system: (see Figure 2-3).

Vitrified clay pipe, installed from 1940 onward.
Repairs to the 1S-inch trunk sewer on the FMC-owned
facility in October 1982 were made with a 12-inch liner
pipe.
Discharge: 0.3 to o. S million gallons per day (MGD) in
1983.

Storm sewer system: (see Figure 2-3)

Roof drains, catch basins, and floor drains discharge to
the system.
Several floor drains tributary to the storm sewers lnay be
sealed (based on 1984 floor plan).
Most drainage is through NPDES outfalls 20200 and 20300.
The storm sewer leading to outfall 20300 is located near
wells 6-S, 6-D and 10-S.
The eastern portion of the site drains to a catch basin
located near well 9-S, then to an 84-inch pipe to the
outfall located near wells 19-5 and 9-D.
Pipe ages vary, with construction from 1940 onward.

Spill Incidents

1984 - 1986: Spills of various oils and hazardous substances are
listed in Appendix A of the RIR (RMT, 1987d).· Prior spills
are unrecorded.

2.2.4 Conflicting or Missing Information

Additional details related to the items presented below can be

•
found in the RIR (RMT, 1987d) .
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The 1983 lAS referenced the burial of between 100 and 150
drums of waste in pits and trenches north of the site.
However, only 43 drums have been removed from two trenches in
this area.

The actual location of Pit 5 was different from the originally
?lanned location.

One or two 2,000-gallon underground storage tanks are located
near Well 9-S, in addition to those shown in the lAS. Also,
in 1987, the contents of tank T2 were changed from TeE to
trichloroethane (1987 RMT site visit).

No tank testing records were found for underground storage
tanks 3, 4, 5, 33, and 34 (see Figure 2-4).

No testing of pipelines to and from any storage tank is
recorded. Additional data on the age of these pipes are also
unavailable.

Ground water quality data in the deeper portion of the
unconfined aquifer are lacking in some locations.

Ground water data for xylene are sparse. Xylene represented
39 percent of the total recovered hazardous waste from the
excavated trenches. It was not analyzed in trench soil
samples. It was only analyzed for the November 1986 ground
water sampling round.

VOCs and metals were detected in the soils of the dry well in
Hazardous Waste Storage Area C. No monitoring wells are
located downgradient of this area.

Samples of the Mississippi River upstream and downstream from
the site and Rice Creek would be useful to evaluate potential
VOC loading from the site and upstream areas. The sources of
TCE concentrations measured at the Minneapolis water supply
intake and water treatment plant by the Minnesota Department
of Health (MDH) are not definitively identified.

The potential existence
water directly beneath
investigated.

2.2.5 Regional Physiography

of contaminants in soils
the NIROP building~ has

or ground
not been

•
Demography (for area containing site)
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Population: City of Fridley

Anoka County
Metropolitan Statistical Area:
Minneapolis/St. Paul

Served by Minneapolis Water
Treatment Plant

30.228 ( 985)
210.939 ( 984)

2.262.400 (1985)

500.000*

'.

*Approximate only; includes Minneapolis and some suburbs.

Land Use

Zoning: heavy industrial

Anoka County Park: located adjacent to the NIROP;
approximately 60 acres. day-use recreational facility

Natural Resources

(See Section 2.2.1. Site Description. under Regional Features and
Local Features headings.)

Mississippi River: recreation - boating. fishing; aesthetic
and historical significance; public and private water supply.

Local aquifers: unconfined and PCJ upper aquifers - active
and potential-public/private water supplies.

Climatology

From Guswa et ale (1973):

Average annual rainfall

Average annual evapotranspiration

Average annual recharge

From. RIR (RMT. 1987d):

Annual temperature extremes

Wind direction:

28.3 inches

22.5 inches

8-9 inches
(upper limit)
6 inches
(conservative)

-34 of to 10.4 of
(-37°C to 40°C)

November - April
May. June. August. October
July. September
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Wind speed:

Surface Water Hydrology (SSPA, 1983, 1984)

10.5 mph
(average)

Mississippi River is discharge point for regional ground and
surface water.

Mississippi River flows:

Frequency
(years)

Dura tion
( days)

Discharge
(cfs) (MGD)

2
5

10
Average annual

7
1
7

2,400
1,160
1,000
7,600

1,500
750
650

4,900

Minneapolis water supply intake:

Year

1970
1979

Withdrawal Demand
(MGD, annual average)

77
55

•
Flood plain

According to the R1~ (R!1T, 1987d), the flood plain data for
two des ign storms were evalua ted a t the 1-694 bridge (Figure
2-1) by the USGS. The bridge is approxima tely 0.6 miles
upstream from the N1ROP. The results are listed below.

Design Storm
(years)

100

500

Flood Plain Elevation
(ft, MSL)

818

821.5

The average eleva tion of the N1ROP site, loca ted on a fla t
geologic terrace, is greater than elevation 830 feet, mean sea
level (MSL). Thus, the site is well above the estimated flood
plain elevations for extreme storm events.

2.2.6 Hydrogeology

This section highlights the key hydrogeologic data presented in the

•
R1R (RMT, 1987d).
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Geology

Geologic cross sections Band C, developed from USACE borings, are

shown on Figure 2-5. The loca tions of the cross sec tions are shown on

Figure 2-4. Cross section A is presented in the RIR (RMT, 1987d). The

following summary of local geologic conditions is based on cross

sections A, B, and C.

Key fea tures of the unconsolida ted deposi ts, based on the cross

sections, are listed below.

Generally silty sand underlies much of the NIROP site.

Gravelly sand layers are at 10- to 24-foot depths and at the
base of the unconsolidated deposits. The thickness of the
layer at the base of the deposits is· from 5 to 40 fee t.

Fine to coarse sand is present throughout the aquifer
thickness in the areas of wells 6-D, 8-D, and 9-D (see Figure
2-4) which are aligned parallel to the Mississippi River.

Discontinuous lenses of clay, silty clay, and sandy clay are
apparently beneath most of the NIROP site, at various depths •

A continuous clay layer possibly underlies much of the FMC
facility at elevations 760 feet to 810 feet, pinching out to
the north of the FMC site.

Key features of the bedrock aquifer formations are listed below
(see Figure 2-6).

Bedrock in terpre ta tion is based on in terpre ted bedrock
con tours of the Hinnesota Geologic Survey (Payne, 1965), and
boring resul ts presented by Hickok (1981) and USACE (RMT,
1987d).

Bedrock surface contours dip approximately 40 feet between the
northeast part of the site and the western part of the site.

Bedrock consists of a layer of St. Peter sandstone overlying a
layer of Prairie du Chien (PC) dolomite and Jordan sandstone
(poorly cemented). The PC dolomi te is highly frac tured wi th
solution cavities.

St. Peter sandstone tapers from a thickness of 37 feet at the
northern property line to nonexistent southwest of the site •
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An approximate area .of direct contact betw~en the
unconsolidated aquifer and the Prairie du Chien aquifer is
delineated on Figure 2-6. It coincides with the lowest
bedrock elevations. Payne (1965) refers to this area as a
buried bedrock valley extending (rom the i1ississippi River
toward the northeast.

Ground water

There are two aquifers of interest: the Quaternary aquifer (uncon-

solidated) and the Prairie du Chien/Jordan (PCJ) aquifer. The St. Peter

sandstone apparently serves as a confining layer (RMT, 1987d).

A summary of the production wells in the vicinity of the site is

found in Table 2-1. North and south farmhouse wells (see Figure 2-3)

•
are the only private wells known to be set in the unconsolidated aquifer

(RMT, 1987d). Both wells, located in the Anoka County Park to the west

of the NIRdp, are abandoned •

A "Ranney" well system was proposed for the unconsolidated aquifer

to augment the water supply needs of the City of i1inneapolis. The site

of a. 1978 pumping test for this well system is shown on Figure 2-2. At

present, plans for construction of this system are suspended pending the

outcome of a 3-year ground water evaluation of the area by the United

States Geologic Survey (USGS).

At least 8 wells or well fields are located in the PCJ aquifer

within a 3-mile radius of the NIROP. Wells FMC-I, 2, and 3 (see Figure

2-3) on NIROP property were formerly used for potable and industrial

water needs. Their potable water use was suspended in 1981. Industrial

use was suspended in 1983. City of Fridley Municipal Well No. 13 (see
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SU~~Y OF POtENTIAL RECEPTORS

e)

FMC-2 and -3 Wells Use suspended
since 1981

Receptor Status

Minneapolis Water In use
Supply Intake

Minneapolis Ground Proposed
Water Augmentation

Fridley Well No. 13 In use

Fridley Well Field In use

500,000 5,000 Unconsolidated
- (Ranney well)
or PCJ (Alternative)

30,000 1,000 PCJ

30,000 10,000 PCJ (lower depth)

NA On-Site PCJ

NA On-Site PCJ

FMC-l well Use suspended
since 1983

Type

SW

GW

GW

GW

GW

GW

Quantity
Use

DW

DW

DW/Ind.

DW

Ind.

DW/Ind.

Population
(MGD)

65

·7-40

0.03

3

0.35

0.8

Distance
From
Served

500,000

Site (ft)

5,000

Aquifer

NA

Comments

Formerly DW

In the NIROP
building

NOTES: (1) SW = Surface Water
(2) GW = Ground Water
(3) DW = Drinking Water; Ind. = Industrial
(4) PCJ = Prairie du Chien/Jordan
(5) NA = Not applicable
(6) Area of influence for the Fridley Well Field is not known. Approximately 40 percent of its production is from the PCJ aquifer.
(7) The following 4 well locations have been eliminated from consideration as potential receptors by prior investigators:

Kurt Manufacturing Well, Brooklyn Center Well Field, Honeymead Wells, Anoka Co. Parkland Water Supply Wells
(8) A 24-hour 1,000 gpm pump test was conducted at Fridley Well No. 13 on January 4-5, 1984.
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Figure 2-3) is in use as a backup water supply. City of Fridley and

City of Brooklyn Center Well Fields are primary water supplies for their

respective communities. They are approximately 2 miles to the north-

northeast and the north-northwest of the ~IROP, respectively. Kurt

Hanufacturing and Honeymead operate industrial wells to the northeast

and southeast of the NIROP, respectively. An alternative to the

"Ranney" well system being evaluated by the City of t1inneapolis is a

well or' well field in a bedrock aquifer, in an undetermined location.

Influence of production wells on NIROP ground water flow and contaminant

transport is not known. However, during a 1,000 gpm, 24-hour pumping

test for Frid'ley Well No. 13 on January 4-5,1984, water levels in

monitoring wells on NIROP and FMC property declined between 0.1 and 0.9

feet. Drawdown in the Fridley Well No. 13 was nearly 30 feet •

Ground Water Flow

Thirty-three ground water monitoring wells were constructed under

the supervision of the USACE between May 1983 and February 1986. The

locations of these wells are shown on Figure 2-4.

Twenty-one of these wells were constructed on-site between May 1983

and June 1985. Four of these 21 wells were screened in the PCJ aquifer,

six were screened at the base of the unconsolidated aquifer, and eleven

were screened at the water table.

The re;naining twelve of the thirty-three wells were constructed

. off-site in the unconsolidated aquifer in February 1986. Six of these

wells were installed as three sets of two-well nests, with one shallow

well and one deep well per nest constructed between the NIROP and FMC

•
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sites ::lnd the i1ississippi River. The remaining six wells are screened

at the water table to the north or south of the NIROP site.

Well construction logs and summary data are presented in the RIR

(RMT, 1987d).

In addition to the USACE wells, several wells were installed by FMC

Corporation. Most of those wells were installed on FMC proper~ to the

south of the NIROP. One well, FMC-33, was installed on Navy property.

The USACE and FMC wells were ins talled to moni tor ground wa ter

levels and sample ground water to determine ground water quality.

Ground \la ter Levels

Ground wa ter levels were measured in the USACE wells be tween

October 1983 and April 1985, and between June and September 1986. Water

level data are presented in the RIR (RMT, 1987d).

A ground water table contour map is presented on Figure 2-7. It

presents ~ater level contours interpolated from USACE and FMC well water

level measurements made in July 1986. Additional ground wa ter contour

maps are presented in the RIR (RMT, 1987d).

The following results presented in the RIR are based on the ground

water contour map shown on Figure 2-7.

Ground water in the vicinity of the site flows southwesterly
and westerly toward the Mississippi River.

The range of horizontal ground wa ter gradients between wa ter
table monitoring wells ranges from 0.0001 to 0.0006 beneath
the northern portions of the NIROP to 0.002 to 0.014 in the
southwest corner of the site.
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•
These values for the gradient reflect the generally shallow
gradient over most of the NIROP site .

The· steeper gradients may be due to a comb ina tion of several
factors. The most likely factor is the presence of clay
deposits to the south and southwest of the site.

The steeper gradients appear to converge in the area where the
PC] aquifer is exposed to the unconsolidated aquifer. This is
also the area of the identified bedrock valley.

Vertical ground water gradients (up to 0.08) are generally downward

in the unconsolida ted aquifer (Table 5-3 of the RIR, RMT, 1987d).

Vertical gradients be tween the deep wells and the PC] wells are

generally upward into the unconsolida ted aquifers •

Hydraulic conductivity values, based on 15 slug tests perfor~ed on

the FMC site, average 65. feet/day. Hydraulic conductivity estimated

•
from grain size analysis of on-site soils is from 20 to 90 feet/day.

Using an assumed hydraulic conductivity of 65 ft/day and an
assumed typical value for effective porosity of 0.3, the
veloci ty es tima tes for the unconsolida ted aquifer range from
40 ft/year to 1,100 ft/year.

These veloci ty values are based on· very uncertain values for
hydraulic conductivity. The heterogeneity of the aquifer
deposits is also uncertain. Stratified ground water flow may
be occurring a t the si te where high veloci ty flow may be
occurring in strata of gravelly sand, although average flow
over the entire aquifer thickness may be substantially lower.

2.3 Nature and Extent of Problem

2.3.1 General

Based on information presented in the RIR (RMT, 1987d), the problem

is primarily one of ground water con tamina tion wi th vola tile organic

compounds (VOCs).

While several hazardous cons t1 tuents have been identified in the

ground water in the vicinity of the NIROP, the most significant
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trichloroethylene (TCE),. with lesser amounts of 1,2-dichloroethylene

(1,2-DCE), tetrachloroethylene (perchloroethylene, PCE), and others.

TCE is considered to be the best indicator of the extent of ground water

contamination in the vicinity of the NIROP for reasons discussed in

Section 5.3.5 of the RI Report. The nature and extent of ground water

contamination is discussed in Section 2.3.5.

•
concentrations are associated with VOCs. The predomi nan t vac is

TCE has been de tee ted in the Mississippi River at low

•

concentrations. In particular, it has been detected at the water intake

of the tUnneapolis Wa ter Trea tmen t Plan t, approxima tely one mile sou th

of the NIROP site. However, the source (or sources) of TCE

contamina tion in the Mississippi River in this vicini ty has not been

determined. Contaminated ground water passing beneath the NIROP, storm

sewer discharges from the NIROP, and con taminan ts en tering the river

north of the NIROP are possible contributors to Mississippi River

contamination. This is discussed further in Section 2.3.6.

2.3.2 NIROP Activities Involving Hazardous Substances

Various NIROP activities involve the use of hazardous substances as

raw materials and the generation of hazardous wastes. Hazardous

subs tances used and hazardous was tes genera ted include chlorina ted and

non-chlorinated solvents, acids, bases, metal conditioners, stripping

and cleaning agents,~paints, and photographic chemicals.

The hazardous substances used and generated at the NIROP involve

several constituents. Table 2-2 lists several hazardous constituents or
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TABLE 2-2 - SUMMARY OF CONSTITUENTS
DETECTED OR REPORTED AT THE NIROP FACILITY

• All Known Raw De tec ted De tec ted De tec ted
Constituents 11a terials in in in Ground

De tected or \la s tes Drums Soils Wa ter

General Products
Acids' X
Gasoline X
Hydrocarbons, Aliphatic X
Hyd roca rbons, Aromatic X
Kerosene X
11ineral Spiri ts X
Oil and Grease X
Paint X
Paint Thinner X
Stoddard Solvent X

Organics
1,1,1,2-tetrachloroethane * ND NO
l,l,l-trichloroethane X * DS DS
1,1,2,2-tetrachloroethane * NO NO
1,1,2-trichloroethane * NO ND
l,l-dichloroethane -;': DS OS
l,l-dichloroethylene * DS 01
Benzenes OS NO D1

• Bis (2 ethylhexyl)
phthala te * OS D1

Chloroform * NO DI
Cis-l,2-dichloroethylene -;"( ND DS
Cresols OS NA NA
Ethyl-Benzene OS NO D1
Ethylene Glycol X NA NA NA
Isocyanate X NA NA NA
Isopropanol DS NA NA
Methyl Ethyl Ketone X OS NA NO
Methylene Chloride X * D1 D1
Naphthalene X DS NA NO
PCBs X DS DS D1
Pesticides NO DI NO
Phenols X NA NA ND
Tetrachloroethylene X * DS DS
Toluene X DS DS DI
Trans-l,2-dichloroethylene "'I: - DS DS
Trichloroethylene X DS OS DS
Trichlorofluoromethane NA NA D1
Triethylamine X NA NA NA
Xylenes X OS NA NO
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•
* - Drum analyses provided by Chemical Waste Management do not

distinguish between YOCs which were not detected and those
which were not analyzed •

x - Indica tes raw ma terials known to have been used at the NIROP
from file information.

NA - Constituent not analyzed.

ND - Consti tuen t no t de tec ted.

DS - Constituent detected at a relatively high concentration.

DI - Constituent detected at a generally insignificant concentration.
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substances are separated into organics, metals, and eeneral prod'ucts.•
substances which have been detected or reported at the NIROP. These

The table further indicates which substances are also detected as site

contalninants. These relationships are discussed in Sections 2 ~ 3.3,

2.3.4, and 2.3.5.

Hazardous substances are stored in several locations at the

~~IROP• Figure 2-4 shows the locations of the above- and below-ground

•

storage tanks, and other storage areas. Hazardous \~aste Storage Area C

is one of several areas used for storage of hazardous wastes.

2.3.3 Potential On- and Off-Site Sources of Contamination

Potential On-Site Sources

Spills from plant activities and during filling or use of
storage tanks. ' Records of spills are discussed in Section
2.2.3. Spilled material, including TCE, entered both the
storm and sanitary sewer systems in the past.

Leaks from storage tanks and associated piping. Records of
leaks are discussed in Section 2.2.3. The recent and former
locations of the only TCE storage tank are shown on Figure 2
4. These are locations of potential historical TCE
releases. The tank currently holds trichloroe thane (TCA).
When conveying contaminated water in the past, leaks in storm
~nd sanitary sewer pipes would have resulted in potential soil
and ground water contamination. Similarly, storm sewer
discharges into the l1ississippi River would have resulted in
intennittent surface water contamination ..

.Waste disposal sites:

Drummed waste. Past waste disposal practices included
occasional burying of drummed wastes in pits and trenches
in the northern portion of theNIROP property.

Between December 1983 and 1-1arch 1984, 39 drums were
excavated from trench 3 along with enough I-gallon cans
to fill two overpacks supplied by the contractor. In
addition, two drums were excavated from trench 17. Of
the 41 drums, hazardous substances were detected in 39.
Hazardous constituents detected in samples from the drums
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are listed in Table 2-2. They include met~ls. and
several organic compounds including PCBs. TCE, benzene •
xylenes. and methyl ethyl ketone (MEK).• About 1.200 cubic yards of soil from
disposal were also excavated and
NIROP. Potential residual soil
discussed in Section 2.3.4.

the areas of drum
removed from the
contamination is

•

Hazardous Waste Storage Area C. Drainage from this area
was formerly into a dry well. Soil· and water samples
from the dry well had detectable levels of TCE, 1.1,1
TCA, 1,2-DCE. and PCE, along with other volatile organics
and heavy metals.

Potential Off-Site Sources

As shown on Figure 2-2, Kurt Manufacturing and Dealers
Manufacturing are potential sources of PCE and/or TCE
contamination of the ground water. Both are within 0.25 miles
of the NIROP. Kurt Manufacturing is a USEPA Superfund site
with remediation activities underway. Dealers Hanufacturing
is a suspected source. with no investigations of on~site

contamination conducted to date.

Several potenti~l VOC contamination sources are within 5 miles
of the NIROP, as shown on Figure 2-1. These sources may

- contribute to either the ground water or l1ississippi River
contamination. The latter contribution would be via Rice
Creek.

l-1ississippi River contamination may also be attributable to
VOCs in the ground water discharge to the river from the USEPA
Superfund site (the FMC site) abutting the NIROP.

2.3.4 Soil Contamination

Extent of contamination. The extent of soil contamination
identified at the NIROP is limited by the extent of soil
sampling conducted through November 1985. The soil sampling
and results of chemical analyses conducted through that date
are discussed in the RIR (RMT, 1987d). Soil sampling reported
in the RIR includes only the following areas:

Hazardous Waste Storage Area C dry well.

Sampling of nine pit/trench areas excavated in December
1983 through March 1984 •
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•

Additional, more extensive, sampling of trenches 3 and 6
in June 1985, based on the initial sampling results of
the nine areas.

While Hazardous Waste Storage Area C and even other
trenches may be sources of ground water contamination,
remediation efforts focused on trench 3. The reasons are
discussed below. At present, no downgradient sround
water data are available from which to evaluate the
status of Storage Area C as a source.

Constituents of concern. The hazardous constituents detected
in the pitltrench areas are listed in Table 2-2. Findings
regarding the analysis of the soil samples are as follows
(RMT, 1987d).

Metals. Although no background soil samples were
analyzed for the NIROP site, residual concentrations of
metals detected in the unexcavated soils sampled at the
bottom of the pit/trench areas are generally consistent
with metal concentrations reported in the literature for
soil in the area of the NIROP. Therefore, metals, were
not considered when developing and screening treatment
technologies for soils.

PCBs. Res'idual concentrations in the unexcavated soils
were less than 1 mg/kg (1 ppm) •

Volatile Organics. Based on the results of unsaturated
zone soil samples taken in March 1984 from one foot below
the pit/trench bottoms, residual vac 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 were performed in June 1985 in boreholes in
trenches 3 and 6. All samples in trench 6 had total VOCs
less than 1 ppm.

Trench 3. Trench 3 is the focus of source remediation
evaluated in this FS Report, based on the January 1984 and
June 1985 soil sampling results and the high level of
contamination detected in downgradient wells.

TCE concentrations ranged from 0.68 to between 10 to 100 mg/kg
in six soil samples taken at a depth of one foot below the
trench bottom in January 1984 (Table 4-4, RMT, 1987d). peE
concentrations ranged from 0.022 to' 6.3 mg/kg in the' same
samples.

Samples taken in June 1985 from soil borings p3-6 and P3-7 in
trench 3 had TCE concentrations greater than 100 mg/kg. No
other borehole sample from trench 3 had greater than 1 mg/kg
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•
total VOCs. The loca t ions of the
in Appendix A. The vertical
concentrations measured in borings
below:

trench 3 borings are shown
distribution of the TCE
P3-6 and P3-7 is presented

•

2.3.5

Sample 11ean TCE Concentration (mg/kg)
Depth Depth Boring Boring
(tt) (ft) P3-6 P3-7

10.0-11.5 10.75 207 139

14.5-16.0 15.25 127 6.7

18.5-20.0 19.25 79 0.53

In addition to TCE, the volatile organics PCE, toluene, and
1,1,1-trichloroethane were also present in borings P3-6 and
p3-7. The bottom of the borings is at the approximate water
table depth.

The excavation of trench 3 is assumed to have been to a depth
of about 5 feet. This assumption is based on photographs of
the excavated trench dated February 14, 1984, taken during the
site cleanup. A plastic sheet separated the clean backfill
from the contaminated soils below. It is likely that TCE
would be found, between the uppermost sample point and the
plastic sheeting .

The estimated weight of all the residual VOCs in the trench 3
soil is about 1,600 lbs. The estimated weight of TCE in the
same soil is about 1,300 Ibs. The bulk of the TCE (90
percent) was assumed to be contained'in the layer of soil in
the depth range from 5.0 to 7.5 feet. The estimates are based
on TCE and PCE concentrations extrapolated from the
concentrations presented above. The maximum extrapolated
values of 6,400 mg/kg TCE and 450 mg/kg PCE at a mean depth
below existing grade of 5.75 feet are greatly in excess of the
maximum concentrations of TCE « 100 mg/kg) and PCE (6.8
mg/kg) measured at a depth of 1 foot below the bottom of the
excavation in January 1984. The calculations, presented in
Appendix A, will be revisited in a subsequent FS Addendum
Report.

Ground Water Contamination

Definition of the extent of ground water contamination in the

vicinity of the NIROP is limited by the available data. These data
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include eigh t rounds of ground wa tee sampling of up to 34 moni toring

wells in anyone round. The 34 well loca tions are ShO"1O on Figure 2-8.

T~e sampling rounds occurred between October 1983 and November 1986.

The ~rovember 1936 sampling round was the only round performed by RMT,

Inc., for the RIR.

Constituents of concern. Constituents detected in the ground water are

listed in Table 2-2. Findings regarding the analysis of the ground

water samples are as follows (RMT, 1987d).

Metals

Ground water sample results reported during most investigations at

. the NIROP were based on total (unfil tered) concentrations. Only the

November 1986 round of samples included both unfiltered and field

filtered samples.

The samples collec ted in November 1986 had total concen tra tions

fairly consistent with previous. results. However, dissolved

concentrations (filtered samples) were considerably lower, indicative of

the fact that much of the inorganic concentration was associated with

sediment in the samples. Sediment is not transported by ground wa ter

and is not generally consumed.

Only three cons ti tuents exceeded federal standards when dissolved

these constituents, manganese and sulfate both exhibited concentrations

in excess of Secondary Maximum Contaminant Levels (SMCLs) in background

,,,ells as well as downgradient wells •

•

concentrations were considered:
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'Selenium in a sample from well 9-S (0.049 1Og/l) is the only

dissolved inorganic constituent detected in ground water above a Maximum• Contaminant Level (MCL). The I1CL .and Haximum Contaminant Level Goal

•

(MCLG) for selenium are 0.vl0 and 0.045 mg/1, respectively. Well 9-S is

locat~d along the eastern (upgradient) edge of the NIROP facility.

Selenium (total or dissolved) has only been analyzed in one sampling

round (November 1986). Additional sampling would be required to

evaluate the source of selenium occurrence in well 9-5. As stated in

the RIR (page 5-42), selenium has not been reported as being used at the

NIROP.

PCBs

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 Aroc10rs detected. Based on the

above results, the occurrence of PCBs was not considered significant

when identifying and screening treatment technologies.

Organics

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, with a general summary of the available data, are

discussed below.
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•

Benzene •

Analyzed in all eight sample rounds.

Detected in 19 percent of the samples, although not
always in quantifiable concentrations.

Reported values exceed the MCL of 0.005 mg/l in 10 of the
34 monitoring wells.

Detected concentrations show no spatial trends.

Detected in only one well (17-S) in November 1986, at
0.0065 mg/!.

1,2,-DCE.

Analyzed in three sample rounds.

In November 1986, it was reported in samples from 11
wells, in concentrations ranging from 0.022 to 0.58 mg/1,
for each of the cis- and trans-isomers.

The proposed MCLG of 0.07 mg/1 was exceeded in samples
from six wells.

The USACE Waterways Experiment Station (WES) analyzed all
the NIROP ground water da ta and reported equal
concentrations of cis- and trans-l,2,-DCE. It is
currently not determined whether the reported values are
each equal to the total 1,2-DCE concentration or whether
each equals half the total concentration.

PCE.

Analyzed in all eight sample rounds.

The concentrations in wells 8-S, 3-S, and FMC-33
downgradient of the pit/trench area have decreased to
levels at or below the detection limit of 0.005 mg/1
since the completion of the remedial action in the
pit/trench area.

Levels in wells 6-S (southwest edge of site) and 9-S
(southeast edge of site) have remained at concentrations
of 0.028 mg/1 and 0.20 mg/1, respectively.

The proposed MCLG is zero.

TCE.

Analyzed in all eight sample rounds •
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TABLE 2-3
SUM11ARY OF TCE CONCENTRATIONS

• IN ',~ATER TABLE WELLS

TCE CONCENTRATION (mg/l)
'i~el1 Oct'83 - Nov'86 Data Nov'86 Oct' 83-Nov '86
No. Location Max. Mean No. of Rounds

12-S North of NIROP ND NO NO 2
13-S North of NIROP ND ND ND 2
14-S North of NIROP NO NO ND 2
15-S North of NIROP 0.017 0.012 0.0071 2
16-S North of NIROP 0.17 0.13 0.17* 2

l-S North on NIROP 0.0050 <0.0050 ND 6
7-S North on NIROP 0.15 0.14 0.13 3
2-S North on NIROP 0.13 0.076 0.065 6
8-S Downgradient of 9.2 6.6 9.2* 2
3-5 Pit/Trench Area 28.0 6.1 0.88 6

FMC-33 37.0 7.9 1.3 6

4-S Southeast on NIROP 0.019 0.0065 0.019* 6
9-S Southeast on NIROP 4.2 3.0 1.8 3
5-S Southwest on NIROP 0.0050 < 0.00,50 NO 6
6-S Southwest on NIROP 3.8 1.3 . (

3.8* 6
10-S Southwest on NIROP 0.21 0.16 0.21* 3• ll-S Southwest on NIROP 0.044 0.037 0.032 3

20-S Southeast of NIROP ND ND ND 2

17-S Southwest of NIROP 0.19 0.14 0.097 2
18-S Southwest of NIROP 2.9 2.2 1.53 2
19-5 Southwest of NIROP 0.088 0.065 0.088* 2

21 wells Average 4.1 1.6** 0.9 74

* Indicates that Nov.'86 concentration is maximum to date.

** Mean value is obtained by weighting the TCE concentration by the number of
sample rounds at a given location.

ND = Not detected.
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TABLE 2-4 - SU~~RY OF TCE CONCENTRATIONS
IN DEEP WELLS

• TCE CONCENTRATION (mg/I)
Well Oct'83 - Nov'86 Data Nov'86 Oct'83-Nov'86
No. Location l1ax. Mean No. of Rounds

1-D North on NIROP 0.Q05 < 0.005 NO 6
5-0 North on NIROP NO NO NO 3
2-D North on NIROP 0.0092 0.0053 0.0092* 6

3-0 Southeast on NIROP 0.023 0.014 0.012 6

4-0 Southwest on NIROP 0.005 < 0.005 NO 6
6-0 Southwest on NIROP 0.011 0.0079 0.011* 3

7-0 Southwest of NIROP NO NO NO 2
8-0 Southwest of NIROP 10.7 8.2 10.7* 2
9-0 Southwest of NIROP 0.65 0.45 0.65* 2

9 wells Average 1.3 0.5** 1.3 36

• Well
No. Location

. SUMMARY OF 'ICE CONCENTRATIONS
IN PCJ WELLS

TCE CONCENTRATION (mg/I)
Oct'83 - Nov'86 Data Nov'86

l1ax. Mean
Oct'83-Nov'86
No. of Rounds

•

I-PC North on NIROP 0.005 < 0.005 NO 6
2-PC Oowngradient of

Pit/Trench Area 0.062 0.021 0.0053 6
3-PC Southeast on NIROP 0.081 0.029 ND 6
4-PC Southwest on NIROP 0.005 < 0.005 NO 3

4 wells Average 0.04 0.01** 0.001 21

* Indicates that Nov. '86 concentration is maximum to date.

** Mean value is obtained by weighting the TCE concentration by the number of
sample rounds at a given location.

ND = Not detected •
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• The MCL of 0.005 mg/l was exceeded at least once in 22 of
34 wells.

As shown in Tables 2-3
concentrations are associated
6-S, 8-D, 8-S, 9-S, and 18-S.

Extent of Contamination

and 2-4, the highes t
with wells FMC-33, 3-S,

•

TCE is the best indicator of the extent of ground water

contamination in the vicinity of the NIROP. This conclusion is based on

the following observations (&~T, 1987d) from the eight rounds of ground

water sampling in the 34 monitoring wells in the NIROP vicinity.

TCE was identified in more samples than any other organic
compound.

The greatest individual organic contaminant concentrations
were of TCE.

TCE concentrations exceeding the maximum contaminant level
(MCL) were measured in more samples and in more wells (22 of
34 wells) than any other organic compound. Only three wells
had another organic compound exceed an MCL or MCLG when TCE
did not.

At individual wells, concentrations of
(PtE), 1, 2-dichloroethylene (1, 2-DCE),
(l,l-DCA) and1,1,1-trichloroethane
detected, are at lower levels than TCE.

tetrachloroethylene
1,1,-dichloroethane
(1, l,l-TCA), when

1,2-DCE is a product of the biodegradation of TCE.

In addition to indicating the extent of ground water contamination,

TCE also typifies the nature of VOCs that have been detected in the

NIROP vicinity, as reflected in their physical, chemical, and thermal

properties. This is an important factor in identifying remedial

technologies, evaluating remedial alternatives, and performing the

public health evaluation.

The extent of TCE contamination in the ground water of the

unconsolidated aquifer is presented on Figure 2-8. Figure 2-8 shows the
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•
interpreted TCE concentration contours based on the average TCE

concentrations for the sample rounds from the first round in October

1983, through the latest round in November 1986.

Tables 2-3 and 2-4 document the extent of TCE contamination in the

ground water. These tables present the maximum TCE value for all sample

rounds, the mean TCE value for all sample rounds, and the TCE value from

the 1a tes t sampling round (November 1986). The sample points are

grouped by general loca tion. These locations are essentially

e

upgradient-background (north of NIROP), on-site,near the downgradient

property line (southwest on NIROP), and generally downgradient off-site

(southeast and southwest of NIROP). These location groupings parallel

the groupings used in the no-action al terna tive evalua tion and the

public health evaluation.

The sample points are also grouped by vertical position in the

ground water. Table 2-3 is for the water table wells. Table 2-4 is for

the deep wells at the bottom of the unconsolidated aquifer, and for the

PCl bedrock wells.

The organization of the data into groupings by location and depth

highlights the following points concerning the la teral and vertical

extent of ground wa ter con tamina tion by TCE.

Concentrations of TCE greater than 1 mg/1 were detected in 5
of 21 water table wells in November 1986, and in 6 wells over
the period of record.

The water table well locations with the highest concentrations
in November 1986 were the area downgradient of the pit/trench
area, and the areas at the southeast and southwest edges of
the NIROP.

Two water table wells, 16-S and 7-S, upgradient to the north
of the NIROP and on the northern property line of the NIROP,
had historical mean and November 1936 TCE concentrations
greater than 0.10 mg/1.
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•
2.3.6

A concentration of TCE greater than 1 mg/l was detected in 1
of 9 wells screened at the base of the unconsolidated aquifer,
both in November 1986 and over the period of record. This is
well 8-D, located to the southwest of the NIROP.

Only one other deep well had a TCE concentration greater than
0.1 mg/l, well 9-D, also located to the southwest of the
NIROP.

The November 1986 ground water data show no significant
concentrations of TCE (or any other contaminant) in the' four
PCJ bedrock aquifer wells.

The TCE data for the water table wells indicate the existence
of significant trends in the contamination history as follows:

Maximum TCE concentrations were measured in Novembe~ 1986
for 6 of 21 wells.

The 0.9 mg/l mean TCE concentration measured in the 21
wells in November 1986 is 80 percent less than the 1.6
mg/l mean for all rounds between October 1983 and
November 1986.

The greate~t change occurred at wells 3-S and FMC-33,
where concentrations reduced from a mean over all sample
rounds of 6.1 and 7.9 mg/l, to 0.9 and 1.3 mg/l,
respectively. This trend is discussed further in Section
2.3.7.

Trends in TCE Contamination of Ground Water

The mean TCE concentration for all water table wells is 80 percent

less in the November 1986 sample round than in the mean for all sample

rounds. However, the mean for all wells excluding those nearest the

pit/trench area has increased by 50 percent.

For deep wells in the unconsolidated aquifer, the mean for all

wells is 20 percent greater for the November 1986 round than for the

decreases by an order of magnitude when well 8-D is not considered •

•

mean of all sample rounds.
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The concentration in well 3-D, located southwest of the NIROP, has

increased by 90 percen.t in the seven months between sample rounds in

April and November 1936. This could indicate a movement of the center

of mass of a contaminant plume, or the combined effects of multiple

plumes.

A subs tantial decrease in TCJo: concen tra tion wa s measured in wells

3-S and FMC-33, approximately 400 feet downgradient of excavated trench

3, between October 1983 and April 1984. The TCE concentration decreased

by 460 percent in well 3-S to 5 mg/l and by 1,200 percent in well FMC-33

to 2.9 mg/1. The TCE concen tra tions in these two we lIs have rerria ined

relatively stable in the four sample rounds since April 1984, with a

mean TCE concentration of 0.9 mg/l in well 3-S and 1.9 mg/l in well FMC

33, between October 1984 and November 1986.

The decrease in TCE concentra tion in wells 3-S and F~1C-33 may have

been due to the excavation of trench 3, where 39 drums and several 1

gallon containers with residual hazardous wastes and 1,200 cubic yards

of contaminated soil were removed between December 12, 1983, and

February 14, 1984. The reduced concentrations of TCE in downgradient

wells 3-S and FMC-33 were measured wi thin 120 days of the trench 3

remediation, as shown on Figure 2-9.

Rough calcula tions of aquifer properties may be made based on the

assumed high permeabili ty hydraulic connection between trench 3 and

wells 3-S and FMC-33. For the TCE plume resulting from the reduction of

TCE in trench 3 to reach wells 3-S and FMC-33 by April 1984, the plume

seepage veloci ty would be approxima tely 1,200 feet per year. The

calculation is presented on Figure 2-9. For a hydraulic gradient of

•

•
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FIG. 2-9
TRENDS IN TCE CONCENTRATION IN GROUND WATER
WELLS IN VICINITY OF PIT/TRENCH EXCAVATIONS
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0.0005 feet/foot at the NIROP site, and an assumed porosity of 0.3, a

hydraulic conductivi~y of 2,000 feet/day was calculated. This hydraulic

conductivity value is in the range that is appropriate for gravelly sand

soil (Freeze and Cherry, 1979).

The assumed hydraulic connection is supported by geologic pr'ofile

B-B' presented on Figure 2-5. The soil in the vicinity of trench 3 and

wells 3-S and FMC-33 is represented by the profile developed from boring

PC-2, where several strata of gravelly sand were identified, incl1uding

one in the mid-level of well FMC-33 and another a few feet above well

3-S.

The hydraulic properties may be used to calculate an approximate

lower limit for the travel time of a TCE plume from trench 3 to the

river for flow through a permeable layer of gravelly sand. The lower

limit travel time would be approximately three years for a TCE plume to

migrate the approximately 3,400 feet along a flow path from trench 3 to

the Hississippi River, provided the permeable layer was continuous to

the river.

Data from well 6-S, approximately 1,600 feet downgradient from

trench 3, may be used to evaluate whether the calculated travel time is

reasonable and whether a permeable layer may connect trench 3 to well 6

S. Data from other downgradient wells cannot be used because sampling

at these wells did not start until either June 1985 (wells 10-S, 11-S)

or April 19,86 (17-8, 18-8, 19-5), which are later than the' times

anticipated for the plume of interest to have reached them.

The lower limit travel time for the post-trench 3 excavation, plume

to reach well 6-8 in a gravelly sand stratum is approximate1y 1.3
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•
years. Assuming tha t the TeE concen tr~ tion in the ground wa ter bene<1 th

trench 3 is reduced in February 1984 due to 'ICE-con tamina ted soil

excavation in January 1984, a decrease in TeE concentration would be

anticipated by June 1935 at well 6-S. The following table presents the

actual TCE concen~rations measured in wells 6-S since the first round in

October 1983.

Sampling Date

October 1983
April 1984
October 1984
January 1985
June 1985
November 1986

TCE Concentration
a t \~ell 6-S

1.8
0.94
0.83

< 0.005
0.62
3.8

in January 1985, one year after the contaminated soil was removed •

A substantial decline in the TCE concentration as well 6-S occured

• However, the cone en tra tion has risen subs tan tially since then. The

decrease in TCE concentration at well 6-S, one year after the excavation

of trench 3 and eight months following the decrease in TCE concentration

at wells 3-S and FMC-33, supports the assumption that a rapid TCE plume

travel time is poss ible through more permeable s tra tao The increased

•

TCE concentration between January 1985 and November 1986 may be due to

another source.

If a TCE plume is migra ting from trench 3 to the river primarily

through highly permeable gravelly sand strata, pumping o~ this plume

might result in a relatively large initial decrease in TCE concentration

in the permeable strata, followed by a longer period of sustained low

TCE concentration withdrawal, as the contaminated ground water from less

permeable strata drains into the gravelly sand strata •
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2.3.7 Surface Water Contamination

On-site

Levels of TeE and other VOCs were measured by the Minnesota
Department of Health at stor~ sewer outfall NPDES 20200 during
a 1981 sa~ple round. TCE was measured at 0.40 mg/l.

Levels of TCE and other VOCs were de tec ted in storm Sewer
manholes at concentrations on the order of 0.001 mg/l in
samples taken on April 10, 1986. The manholes were part of
the sewer system discharging to outfall NPDES 20300. These
data are listed in Table 2-5.

Mississippi River

TCE was detected in the Hinneapolis water supply intake at
0.0012 mg/l in a \'later sample taken on December 31, 1981.

TCE and other VOCs were de tec ted in the Minneapolis wa ter
supply intake and water treatment plant effluent in samples
taken on November 30 and December 28, 1983, as listed in
Ta ble 2-6.

TCE and other VOCs were detected in 1982 in the l1ississippi
River both ups~ream and downstream of the NIROP, as listed
below:

• 1982
Date

Feb. 3

Feb. 10

April

June

Nov.

Concentration (mg/l)
Sta tion TCE TCA 1,Z""DCE

.."..- -
St. Paul Intake (upstream) D D 0.0007
Minneapolis Intake (downstream) 0.001 D 0.6005

St. Paul Intake D 0.0002 0.0008
Minneapolis Intake 0.0012 D 0.0005

1-694 B~idge (upstream) 0.0003 liD NO
Minneapolis Intake 0.0002- NO ND

0.001

1-694 Bridge NO NO ND
Minneapolis Intake D NO NO

1-694 Bridge NO NO ND
Minneapolis Intake 0.0002 NO D

Note: D = detected, not quantifiable; ND = not detected •
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•
Compound.

Bromodichloromethane

Chloroform

Methylene Chloride

Trichloroethylene

Table 2-5
SUMMARY OF VOC CONCENT~~TIONS

IN STORM SEWER MANHOLES
SAMPLED ON APRIL 10. 1986 BY MDH

VOC Concentration (mg!l)
Manhole Number

1 2 3 4 Park

< 0.0005 < 0.0005 < 0.0005 0.0007 . < 0.0005

0.0002 0.0013 0.0007 0.0015 0.0010

0.0016 0.0014 0.0028 0.0016 O,~ 0012

< 0.0002 0.0012 0.0013 0.0017 0.0009

•

(1) Only compounds detected in at least one manhole are listed.
(2) MDH - Minnesota Department of Health.
(3) Manhole locations are shown on Figure 2-3.
(4) "Park" location corresponds with NPDES 20300 outfall.
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TABLE 2-6

SUMl1ARY OF VOC CONCENTRATIONS
IN FRIDLEY WELL NO. 13 AND AT THE

MINNEAPOLIS WATER TREATMENT PLANT SMIPLED BY ~IDH

Compound

Fridley Well
No. 13

November 30.
1983

VOC Concentration (mg/I)
Water Treatment Plant (4)

Nov. 30. 1983 Dec. 28, 1983
Raw Raw

Water Effluent Water Effluent

Bromodichloromethane < 0.0005 < 0.0005 0.0008 < 0.0005 0.0007

Chloroform < 0.0002 < 0.0002 0.0081 0.0002 0.0074

Cis-l.2-dichloroethylene < 0~0002 < 0.0002 < 0.0002 0.0005 0.0003

(1) Only compounds detected for at least one source are pres~nted.

(2) MDH - Minnesota Department of Health.
(3) No VOCs were detected at Fridley Well No. 13 for December 28, 1983

sampling round.
(4) Water Treatment Plant raw water is essentially Hississippi River

water at the intake •
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2.3.8 Summary of Constituents. Media. and Contaminant Sources

• The summary of constituents and media addressed by the remedial

action alternatives is based on the information presented in Section 2,

which is developed from the RIR (RMT, 1937d).

presented in Table 2-7.

The summaries are

Potential Source Areas

The summary of potential source areas presented in Table 2'""8 is

useful to consider when evaluating the incremental ground water

contamination from on-site sources. It is also useful to determine

where to focus remediation efforts.

The summary of potential source areas is based on the information

•
available for the RIR and the additional information presented in

Section 2. Identification of the potential presence and extent of

residual or continuing contamination of soil and ground water by VOCs in

these areas and other areas is limited to the extent of these data. For

example, there are. no wells upgradient of well 9-S tq evaluate the

possible existence of an off-site source located northeast of the NIROP.

VOC concentrations detected in anyone well may be due to the

combined effects of multiple sources. \~ells where this may especially

be the case include 9-S. 10-5, 6-5, 18-5, and 8-D.

2-50

Objectives of Remedial Action

General Purpose

Remedial actions are evaluated in the feasibility study portion of

the RIfFS process under the CERCLA in order to identify a cost-effective

1332.10 139:RTA:frid0608
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• TABLE 2-7

SUMMARY OF CONSTITUENTS
ADDRESSED BY REMEDIAL ALTERNATIVeS (RA)

Benzene

2.

3.

4.

1,2-Dichloroethylene

PCE

TCE

SUMMARY OF MEDIA
ADDRESSED BY RA

•

•

1. Ground Water

2. Soil in Vicinity of Trench 3
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TABLE 2-8

SUHJ1ARY OF POTENTIAL CONTAllINANT SOURCE AREAS

On-Site

1. Pit/trench area north of the main NIROP building.

2. Underground tanks/piping at the northeast edge of the NIROP.

3. Site of the former TCE storage tank and associated piping at the
southwest edge of the NIROP.

4. Leaks in storm or sanitary sewers wi thin the main NIROP building
envelope which may be transporting residual contaminants from soils
beneath the plant into the ground water.

5. Hazardous Waste Storage Area C dry well.

6. Identified VOC emissions to air in the utility trench excavation at
the north property line (see Section 2.1.2).

Off-Site

•
1.

2.

Area directly to the north of the NIROP property.

J Levels or TeE in wells 16-S and 7-8 at 0.1 mg/l.

Area to the northeast of the site.

TCE level in well 9-5, at the northeast edge of the property,
at approximately 3 mg/l.

Hultip1e potential source areas (see Section 2.3.3).

3. Area to the south of the NIROP.

High levels of TCE in wells 8-5, 8-D, 19-5, and 9-D.

Identified source areas at the FMC site .
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and technically justifiable remedial alternatlve that protects human

health and the environment in the area of the site.

The objectives of the remedial action alternatives are developed

based on a review of data from a number of sources. The only data

collected by R.'1T for use in developing remedial action objec,tives

include ground water levels, the November 1986 chemical sampling round,

and HNU data.

2.4.2 Background

Section 2.3 provided a summary of information from the RIR to

identify the potential constituents of concern, the primary contaminant

transport media and pathways, and the potential sources of

~either air nor direct contact are considered to be primary

contaminant transport pathways under existing conditions.•
contamination.

and 2-8.

The essential conclusions are summarized in Tables 2-7

Air

Each constituent detected has been found below the ground surface,

thus limiting its potential migration through the atmosphere. In

addition, RMT personnel used an HNU Systems volatile organic

photoionization detector during a previous site visit and found no

significant atmospheric concentrations of VOCs.
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Direct Contact

The majority of constituents detected have been found below ground,

and a high level of security is in force at the site. Therefore, the

constituents of concern are normally inaccessible for direct contact.

However, direct contact is a potential exposure route during

periods of on-site construction activity, such as the recent utility

trench excavation and building construction. Such direct contact is

•

temporary and may be mitigated by proper health and safety procedures_

2.4.3 General Goals

The feasibility study under the CERCLA is designed to identify and

evaluate technologies and alternatives which could be developed for

contaminant source control and on-site or off-site remedial action. The

major objective of a feasibility study is to determine which

technologies are appropriate for remedial actions, using an appro~ch to

identify a cost-effective remedial action consistent with the objectives

and goals of the CERCLA. The National Contingency Plan (NCP) requires

the "assessment of each alternative in terms of the extent to wh~ch it

is expected to effectively mitigate and minimize damage to, and provide

adequate protection of, public health, welfare, and the environment" (40

CFR 300.68(i)(2)(d)).

Under the Superfund Amendments and Reauthorization Act (SAM) of

1986, the basic framework of the CERCLA RIfFS process remains intact.

However, greater emphasis has been placed on risk reduction through

destruction or detoxification remedial alternatives by utilizing

technologies that permanently reduce the toxicity, mobility, or volume
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that remedial actions attain the applicable or relevant and appropriate

of hazardous constituents. In addition, SARA Compliance Policy requires

• requi relnents (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 identified as feasible during the FS initial

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 of hazardous constituents to an

alternative that would eliminate the need for long-term management

(including monitoring). In addition, an alternative using containment

following five categories.

with little or no treatment and a no-action alternative should be

•
developed. Therefore, alternatives will be developed based on the

Alternatives
appropriate.

for off-site treatment or disposal, as

Alternatives which attain applicable and/or relevant and
appropriate public health or environmental standards.

Alternatives which exceed applicable and/or relevant and
appropriate public health or environmental standards.

Alternatives which do not attain applicable and/or relevant
and appropriate public health or environmental standards, but
will reduce the likelihood of present or future threat from
the hazardous substances. This must include an alternative
which closely approaches the level of protection provided by
the applicable or relevant and appropriate 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
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technologies can be implemented with several degrees of effectiveness,

depending on the type of equipment involved, contaminant concentration,

rate of treatment, etc.

2.4.4 Specific Goals

The first step in the feasibility study process is the

identification of remedial technologies appropriate to the desired

remedial response objectives. For the NIROP site, the following five

•

response actions have beei.1 identified to address the remedial

objectives:

No action.

Containment of wastes and contaminated media.

For the most part, this includes isolating and containing
VOC-cont~minated materials to prevent continued migration
through the ei.1vironment. This action also includes
limiting the flolY of ground water through highly
contaminated areas and controlling ground water which has
already been contaminated.

Removal of wastes and contaminated media.

For waste materials and contaminated soils and ground
water, removal may be necessary prior to either treatment
or disposal.

Treatment of wastes and contaminated media.

Some form of treatment of wastes and contaminated soils
and ground water, either on-site, off-site, or in situ,
may be undertaken prior to disposal, or concurrently with
containment.

Disposal of soils and/or ground water.

Certain wastes or contaminated media may be disposed
directly without prior treatment. Depending on the
nature and degree of hazard of the material, regulatory
constraints, and other factors, on-site or off-site
disposal options may be possible •
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The only federal standard that is considered as an applicable or

ri~levant and appropriate requirement (ARAR) when developing ground water

relnedial alternatives is the maximum contaminant level (MCL).. Several

additional federal public health and environmental standards and

criteria may also be considered when developing the ground water

'.
2.4.5 Environmental Criteria and Standards

reffiedial alternatives. However, these are not ARARs because they are

•

not promulgated standards. The MCL and the other standards and criteria

to be considered are presented in Table 2-9 for the four constituerits of

concern identified in Section 2.3.8.

Only the Recommended Allowable Limits (RAL) has been identified by

the MPCA as a potential standard to be considered when developing ground

water remedial alternatives. The MPCA views the RAL as an alternative

concentration level to be approached, and not necessarily achieved. The

RAL may be useful for 1,2-DCE and PCE, where no MCL standards are set.

The RAL for. the four constituents of concern are presented in Table 2-9.

The 11PCA has indicated that it would consider using ground water

criteria when deyeloping remedial alternatives for soil contamination

(Mark Lahti.nen, personal communication). This would require a bench-.

scale demonstration of the leachability of the constituents of concern

from the soil into the ground water and a conceptual model that relates

the constituent concentration in the soil with the concentration time in

the ground water.

Additional information on the standards and criteria considered

Institutional Requirements .•
applicable

remedial

or relevant and appropriate for the

action alternatives is presented

evaluation

in Section

of the

5.1.3,
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Notes:

•
TABLE 2-9

POT~NTIi\L GROUND WATER ARARS
FOR NIROP CONSTITUENTS OF CONCERN

ARAR To ije Considered

Constituent Federal State

10-6 Excess DWHA~

MCL (vlCLG AI.JQC Cancer Risk Lifetime RAL
(ug/l) (ug/l) (ug/l) (ug/l) (ug/l) (ug/l)

Benzene 5 0 0 0.68 NA 7

1~2-DCE NA 70 II) 10 350 70

PCE NA 0 0 0.8 NA 6.6

TCE 5 0 0 2.7 NA 31

•

(1) AMi.{ = Applicable or Relevant and Appropriate Requirements
(2) MCL = Maximum Contaminant Level of Safe Drinking Water Act~ promulgated in 1987 ~ to be effective on

September 1~ 1989.
(3) MCLG = BCL goal. MCLGs for 1 ~ 2-DCE and PCE are proposed values.
(4) AWQC = Ambient Water Quality Criterion for drinking water and aquatic organisms.
(5) DWHA = Drinking Water Health Advisory for lifetime exposure.
(6) RAL = I{ecommended Allowable Limit for drinkingwater~ from Minnesota Department of Health (MDH)~ based

on MUll release no. 2 of RAL values.
(7) l'lA =: Not available~ as this constituent is not li~sted for the indicated standard.
(8) ID = InsufficIent data for crIterion to be established for this constituent.
(9) A detailed discussion of ARARs is presented in Section 5.1.3.
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•

3. SCREENING OF REMEDIAL TECHNOLOGIES AND RE.~EDIAL ALTER.""ATIVES

3.1 General

There :'lre three steps involved in the development of remedial

action alternAtives that are performed in advance of the detailed

analysis of alternatives. These steps are as follows:

Formulate, develop, and screen remedial action technologies.

Develop remedial alternatives from screened technologies.

Screen remedial alternatives based on cost and non-cost
cri teria.

The format of thes~ steps for the CERCLA process is specified under

Chapter 2, NCP 300.68(g)(h)(1),(2),(3).

Section 3 consists of a presentAtion of the results of each pf the

above three steps. The choice of technologies and alternatives should

be based on the remedial response actions discussed in Section 2.4 .

3.2 Potential Remedial Technologies

Figure 3-1 illustrates the variety of remedial technologies

available for the containment, removal, trea tment, and disposal of VOC-

contaminated materials in general. This flow chart also points out tIle

interdependence and sequential nature of applying remedial technologies

to site cleanup. Each of these alternative technologies is discussed in

Section 3.3. A preliminary screening of the alternative technologies to

meet the needs of the HIRO? response objectives is addressed in Section

3.4. The following is a discussion of specific technologies as

illustrated on Figure 3-1 •
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•
3.3 Development of Remedial Action Technologies

3.3.1 Containment Technologies

Contai.nment can be used in conjunction with other remedial actions

or as a means of site stabilization. The containment action may address

contaminated soils as well as contaminated ground water downgradient of

the waste source. In either case, it is essential to incorporate a well

designed post-closure monitoring program with the containment action.

Cap In Place.•

The purpose of site capping in general is threefold: 1) to

eliminate surface transport of contaminants through erosion processes;

2) to eliminate the potential for direct contact with waste material;

and 3) to minimize the introduction of precipitation and thereby the

leaching of contaminants from buried waste materials.

• frequently employed as a final method of site

Capping is

stabilization for a

variety of waste materials, particularly when removal is impractical

because of cost or the type of contaminant. Capping does not eliminate

the risk associated with a waste, but rather reduces the risk of

exposure to it.

Concrete Pavement. This technology involves grading the site to

provide contouring for effective surface water runoff, and placement of

a granular base course followed by placement of a concrete slab. The

slab would provide a durable surface which would permit selective future

surface use of the site for storage or parking. The concrete slab has

excellent weathering characteristics and excellent water repellency .
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Asphalt Pavement. This technology involves surface contouring for

effective wa tee runoff and placel;Jent of a• asphaltic surface course. This surface

granular base course and an

is specifically des igned to

reduce infiltration and is similar to highway pavine asphalt except that

the percentages of mineral filler and asphalt cement :'lre increased,

providing an excellent water repellent surface.

In-situ Soil Admixtures. This technology involves surface grading

followed by addi tion and mixing in to the soil of ei ther a liquid asphalt

to create soil asphalt, or cement and water to create soil ce~ent. The

mixing dep th in ei ther case is generally 6 to 12 inches, resul ting in

physical soil properties (strength, wa ter repellency) grea ter than the

na tural soil.

obtain a smooth surface, and application of a sprayed surface memhrane.

effective surface water runoff, compaction and rolling of the area to

•
Sprayed-On Caps. This technology involves grading the area for

The membrane rna terial generally used is an asphalt or a rubber and/or

plas tic la tex. The finished membrane generally has a thickness of

approximately 1/4 inch.

Soil Caps. This technology involves base preparation of regrading

and recompaction followed by placement and compaction of clay to achieve

-7a hydraulic conductivi ty of less than 1 .x 18 em/sec to a general depth

of 2 feet. A sand blanket is then placed on top of this compacted clay,

followed by a layer of fill rna terial which is then covered by topsoil

for revegeta tion. The clay layer provides a low permeabili ty barrier

which minimizes infiltration of surface waters. The sand hlanke t

provides a drainage layer above the clay to in tercep t and drain the
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protect the clay layer from frost penetration and surface erosion .

Revegetation helps to reduce surface erosion and minimize ground water

recharge by evapotranspiration of infiltrated precipitation.

Synthetic Membranes. This technology involves regrading the site,

followed by placement of a synthetic liner sandwiched between two sand

blankets. A layer of fill material to be revegetated is then placed on

•
infiltrated surface water.· The layer of fill materials serves to

top of this. The bot tom sand blanket provides a cushion for the

•

synthetic membrane, which is usually a flexible polymeric material. The

sand blanket above the membrane provides a drainage layer for

infiltrated surface water. The fill material protects the membrane from

surficial activities, while the revegetation provides erosion control.

Composite Covers. . This technology involves placement of a clay

layer of less than 1 x 10-7 hydraulic conductivity. A synthetic

membrane sandwiched between two sand blankets is then placed on top of

the clay. Then, fill material to be revegetated is placed on top of the

sand blanket. This technology provides two low pe rmeability line rs to

minimize infiltration, as well as sand blankets to cushion the synthetic

membrane and serve as a drainage layer.

Ground Water Containment

Subsurface barriers are used to isolate and contain waste deposits,

redirect ground water flow around contaminated areas, and contain plumes

of contaminated ground water. To control the ground water head within

or upgradient of such a barrier, pumping wells or subsurface drains are

frequently used. In order to effectively control contaminant migration
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within the ground water regime, :] perimeter barrier wall must be keyed

into a confining layer of low per-meability at its base, .extend upward to

an elevation above the ground water. level, and completely encompass the

contaminated area. Hydraulic containment does not addr-ess the actual

•

remov~l of contaminants.

Slurry \1alls. This technology involves excavating a trench to the

depth of the confining base layer while adding a slurry into the excava

tion. The slurry generally consists of a bentonite/water mixture. The

slurr! holds the excavation open while creating a low permeability cake

on the sidewalls of the trench. The wall is usually completed by

backfilling with a soil/bentonite mixture. The effectiveness of slurry

walls depends on the control of proper excavation procedures and proper

proportioning and placement of the select backfill material. In

addi tion to soil/ben toni te mixtures, cement-ben toni te mixtures have been

used or a synthetic membrane may be placed in the trench in a ..u..

configura tion by filling it with a highly permeable sand ma terial. lJi th

the synthetic membrane installation, observation wells may then be

placed within the permeable sand material to detect infiltration and to

determine the integrity of the synthetic mem~rane.

Sheet Piles. This technology involves driVing sheet piles, wi th

the flanges back-to-back, around the perimeter of the area to be

con tained. The piles are driven until the tips reach and penetrate an

underlying low permeability layer.

Injected Screens. This technology is similar to the sheet piles

except that the piles are subsequently extracted one at a time and the

resultant void filled with a grout injected under pressure.
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Grout Curtains. This technology involves drilling holes along the

perimeter of the area to be contained until an underlying low permeabil-• i ty layer is reached. The drill is then extracted and a grout is

injected under pressure through the drill holes. The drill holes are

spaced along a line at distances such that the cemented zone of each

grout hole overlaps the preceding zone.

3.3.2 Removal Technologies

Soils

Excavation. This technology involves the excavation of contam-

minimizing future ground water contamination, assuming that all

significant sources of contaminants are located.

inated materials from an identified area followed by disposal or

treatment of the contaminated material. The purpose, of the excavation

is to physically remove the source of contaminants available for future

•
migration . This technology is therefore viable and effective in

Ground 'Water

Pumping 'Wells. Pumping wells installed within a contaminant plume

can be used to recover contaminated ground water for treat;nent and/or

disposal. This technology can also be used to control hydraulic

gradients in the vicinity of the site, limiting the off-site migration

'of contaminants or reducing flow through the areas of subsurface

contamination. These wells are frequently used in conjunction with

subsurface barriers to physically and hydraulically isolate waste

areas. The spacing and sizing of pumping wells are determined by the

extent of the plume to be controlled and by aquifer properties .
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Subsurface Drains. This technology serves the SAme general purpose

of pump ing we ll~ - to remove con tamina ted ground wa ter from below a

site. Subsurface drains are eenerally limited to shallow depths and

thus may serve as a subs ti tu te for pump ing wells in shallow aquifer

condi-tions. Subsurface drains normally include a drain pipe or gravel

bed, protective filter media to prevent clogging by fine particulate

ma t te r, manholes or we t wells for the collec tion of ground wa ter, and

pumping facilities to remove the accumulated water. Drains are

•

typically si tua ted transverse to the direc tion of ground wa ter floo and

may be placed downgradient to collect contaminated water or upgradient

to keep uncontaminated ground water from coming in contact with

contaminated areas.

3.3.3 Treatment Technologies

Ground Wa ter

Most remedial technologies discussed in the previous sections

require extraction of ground wa ter to be effective. The extracted

ground water often r~quires some form of treatment prior to disposal.

Hany forms of ground wa ter trea tment exis t. The following discuss ion

has been limited to those technologies deemed applicable to the

treatment of VaG-contaminated ground water.

Biological Treatment. This technology requires sufficient organic

matter to sustain biological activity. This technology is frequently

used in the trea tmen t of indus trial and municipal was tewa ters.

Treatment plants evaluated by the USEPA as part of the development of

effluen t guidelines for the organic chemical, plas tic, and syn the tic

• 1332.10 139:RTA:frid0608b 3-8



•
fibers indus tries demons trCl ted the use of biological trea tmen t (notahly

activated sludge) in the trea tment of oq~anics including TeE (Federal

Register JanuAry 1/-1, 1986, p. 1720).

Carbon Adsorption. This technology involves placing extracted

grourid water through a bed of activated carbon chosen to be suitable for

the removal of the organic contaminant in question. This technolo/:,'Y has

been extensively developed and proven suitable for the removal of a wide

range of organic substances. Carbon adsorption has been shown to

•

provide a high level of contaminant removal and is capable of producing

wa ter tha t is of drinking lola ter quali ty. Carbon adsorp tion sys tems are

closed and therefore (unlike other treatment systems) have a low

potential for emissions of VOCs to the atmosphere.

Stripping. This technology uses equipment to mix large volumes of

air with a contaminated water source. This mixing promotes the transfer

of volatile organics' into the air, thus removing them from the liquid

stream. The system generally consists of a packed column in which water

is pumped into the top of the column and is allowed to cascade down over

loosely packed media while air is pumped upward through the column. The

efficiency of the air stripping process is mainly dependent on the air

to-water ratio, t~e contact time and temperature prOVided in the tower,

and the physical and chemical properties of the constituent of

interest. Air stripping may also be used in conjunction wi th carbon

adsorption, where the carbon adsorption process is used to further

remove contaminants from the ground water or the air stream exiting the

stripping uni t.
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Soils Treatment

In contrast to treatment of contaminated ground' water, the source

of the contaminants (contaminated soils) could be removed and treated.

Incineration. Incineration technology can provide the rmal

dest rue tion of many organic chemic,qls, including TCE. Soil residue

could be left as fill material or, depending on leaching character-

istics, may requi re land filling. Off-site commercial incinerators are

available Eor the destruction of solid, liquid, and pumpable wastes.

On-site incineration of small volumes of contaminated soils has also

been conducted. These units are typically trailer mounted, allowing for

setup at a waste site and minimizing off-site transportation costs.

Fixation/Solidification. Fixation/solidification refers to the

incorporation of the contaminated media into a nonleachable solid

the soil or by otherwise encapsulating the waste. The specific method

is dependent on the characteristics of the soil and the contaminant of•
mass . This is accomplished by increasing the structural integrity of

conce rn. Methods may include cement or pozzolanic solidification,

sorbant addition, thermoplastic techniques, or silicate stabilization.

Air Stripping. Soils that have been contaminated with vola tile

organic compounds can be treated by excavating the soils and spreading

them in thin lifts to volatilize the organics. The soils are spread

over an impermeable base to minimize the potential for migration of

contaminants into the subsoil. Following volatilization, the soils can

be capped with a relatively impermeable cover and final disposal

accomplished •
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conventional process of air stripping, the technology of in~situ

stripping has been developed on a very preliminary conceptual level.

This technology involves completing hollow-stemmed wells down to the

confining layer, followed by blowing ai r or oxygen through the well

screen at the top of the well. Such wells would be completed in a line

•
In-situ Treatment

Stripping Ground Water. Similar in concept to the more

transverse to the direction of ground water flow. The air emanating

from the bottom of the wells is supposed to strip volatile chemicals

from the ground water. This generally leads to the requirement of

•

extraction wells to remove the air above the saturated zone as it

bubbles toward the surface.

Stripping -- Soils. A recently developed technology which has been

successful in some applications is the in-situ stripping of unsaturated

soils. This process involves completing a"ir extraction wells down to

the wa te r table. Horizontal extractor anns may then be placed on the

end of the well or wells to improve collection efficiencies. A vacuum

is then placed on the welles), drawing the VOC-laden air to the surface

for treatment or direct discharge to the atmosphere. This alternative

has the advantage of removing the contaminant from the site. In

discussions with RMT, a vendor of this technology has indicated that air

concentrations of VOCs below those requiring a discharge permit can be

achieved.

Biological Treatment. In-situ biological treatment has been found

effective in some instances involving the remediation of ground water

contamination resulting from oil or gasoline spills. Degradation of VOC
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compounds by na tur81 soil microbes 11lQy 81so occur; however, this process

s ugges t tha t the l"8 te of degrada tion of chlorina ted organics in eround

1018 ter may be enhanced by providing na turally occurring microbes with

both nutrients 8nd oxygen, either or both of which may be rate limiting.

• apparently proceeds at a very slow rate. Theore tical cons idera tions

•

3.3~4 Disposal. Technologies

Soils

Land disposal of both hazardous and nonhazardous wastes is a proven

technology that has been used for many years. Design, construction, and

operation of regulatory agency-approved sites -is commonplace. However,

proposed use of the land disposal technology for si te remedia tion f:lUS t

comply wi th the USEPA' s recent "land ban" on salven t-con taining

w8stes. In the January f4, 1986, Federal Register, the USEPA proposed

to ban \vaste containing more than 1 percent solvents by weight from land

disposal effective November 8, 1986 (commonly referred to as the "land

ban"). The EPA also proposed in the same Federal Register a 2-year

national variance from that restriction for solvent-contaminated

soils. This variance applies until November 3, 1988, at which time all

solvent-contaminated soils with total solvent levels above 1 percent by

weight will be banned from land disposaL Any. proposed use of land

disposal technologies would also be subject to the SARA. As previ,ously

men tioned, the SARA placed heavy emphasis on seeking solu tions that

treat and/or destroy the contaminant of interest, thereby providing a

"permanen t" solu tion •
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would be transported by licensed hazardous was te haulers to an off-si te

Excava tion of con tar.dna ted ma tl~ rial wOl:Jld be

•
Off-S1 te Pacil1 ty.

performed ~y a backhoe or other mechanical means. Excavated material

hazardous waste disposal facility approved by the USEPA.

rna terla1 would be required to backfill the excava ted

Imported fill

areas. The

excavation and disposal technology results in a minimal long-term

disturbance to the site and permits full future use of the site. Long

term management of the contaminated ma terial I.ould become the

responsibility oCa third party; however, the liability associated with

the rna terial rema ins tha t of the genera tor.

subject to the above-mentioned "land ban."

This option would also be

On-Site Facility. This technology would involve the cons truc tion

•
of a hazardous waste disposal facility at the NIROP site. This landfill

would have to meet RCRA land disposal design requirements consisting of

a base, cap, and sidewalls cons true ted of low permeabili ty. clay wi th a

second internal synthetic liner to further contain contaminants. This

option would also be subject to the. above-mentioned "land ban."

Ground Wa ter

Discharge to Surface Water. This alternative is applicable to both

treated and untreated ground "later, provided that both the quality and

quantity meet the allowable discharge requirements for surface water as

regulated under federal and state standards. The quantity of ground

wa ter tha t would be allowed to be di scha rged would depend on the

capacity of the discharge system and the receiving water bodies.

Sampling of the groundwater to be discharged would be required to

• 1332.10 139:RTA:frid0608b 3-13



This alternative is

•

•

ioentify its quality and to identify whether or not it meets the

allowable discharge requirements .

Discharge to POTW. The al terna tive of discharging to a Publicly

Owned Treatment Works (POTW) is applicable to both treated 3nd untreated

wa ter- provided tha t the quali ty and quanti ty of the wa ter meet the

allowable requirements of the local regulatory agency and other

applicable standards (e.g., Clean Water Act, SARA). The quantity

allowed would likely depend on the capaci ty of the discharge s)'s tem and

the POTW. Sampling and analysis of the ground wa ter to be discharged

would be required to identify its quality.

Disposal a t a RCRA-Permi tted Facili ty.

applicable to both treated and untreated ground water. Haste ground

water would be transported to a RCRA-permitted treatment and/or disposal

facility that is approved to accept waste ground water of the quality

and quantity of the ground water to .be disposed .

Reinjection. This al terna tive is applicable only to trea ted 8,round

water, as reinjection of untreated ground water would not be a means of

disposal but rather a recirculation system. The reinjection of treated

ground water may serve as a means of hydraulic control in limiting the

further migration of a contaminant plume, as well as providing flushing

of residual contaminant from the system. Recovery and injection wells

can be sized and spaced based on aquifer properties for effective

containment. This option would also depend upon regulatory approval of

a reinjection system.

treated and untreated ground water and would involve th~ construction of

•
Deep Well Injection.

1332.10 139:RTA:frid0608b
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e
a well lnto an lsolated nonpotahle deep aquifer, thereby protecting

potentlal receptors using other aquifers.

3.4 Screening of Remedial Technologies

'As discussed in the EPA Guidance on Feasibility Studies under

CERCLA (USEPA, June 1985c) and in Section 3.1 of this report, a part of

Section 3, Screening of Remedial Technologies, is a screening of the

applicable technologies. The technologles to be elimina ted are those

•

tha t may prove extremely difficul t to implement, those tha t may not

achieve the remedial objective in a reasonable time, or those that may

rely upon unproven technology. In order to screen the remedial

technologies developed in Sectlon 3.3, the cri teria tha t are generally

applied to the. selec ted al terna tlves will be applied in a general

fashion to the previously identified technologies.

40 CFR Part 300.68(h) lists three factors to be used in screening

alternatives: cost, acce~table engineering practice, and effects of the

al terna tive. The cos t criteria include the capi tal cos t (CC) and

opera tion and main tenance (O&!1) cos t for ins talling or implementing the

technology. A technology whose cos t far exceeds (e. g., by an order of

magni tude) the cos t of 0 ther technologies and tha t does no t provide

substantially greater public health or environmental benefit may be

excluded from further consideration.

Technologies must also be screened for engineering acceptability

for the loca tion and condi tions of the si teo The feas ioili ty of

applying the technology to the si tua tion a t hand should be considered.

Unproven or uncerta in technologies should be elimina ted from further

cons idera tion.
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•

•

The e·ffects of the potential remedial technology are to be

evaluated in two ways: (1) whethe r the technology itself or its

implementation has any adverse environmental effect; and (2) whether the

technology is likely to achieve adequate control by effectively

mitigating and minimizing the threat of harm to public health and

welfare, or the environment.

To facilitate the screening of the alternative technologies

discussed in Section 3.3, a matrix has been developed using the three

screening criteria. This is presented in Table 3-1. Technologies which

pass this initial screening will then be developed into alternatives (on

a preliminary basis) in Section 3.5. In this way, clearly infeasible or

inappropriate technologies will be eliminated before alternatives are

developed.

3.5 Development of Remedial Alternatives

3.5.1 General

As presented in Table 2-7 of Section 2.3.8, four volatile organic

compounds (VOCs) are identified as the constituents of concern. The

technologies that contain, remove, treat, or dispose of VOC-contaminated

ground water and subsurface source areas in soil were identified arid

screened in Sections 3.2,3.3 and 3.4 in order to eliminate those

remedial technologies that are not appropriate for the NIROP site.
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• •
INITIAL SCREENING OF

'REMEDIAL TECHNOLOGIES
TABLE 3-1

•
PAGE 1 OF 8

TECHNOLOGIES

CONTAINKENT

A. CAP IN PLACE

1. Concrete Pavement

2. Aaphalt Pavement

3. In-SItu Sol1
Ad.Ixturea

COST (1988 SI

ApproxImately $2.30/sf for 6"
granular base and 6" slab (1)

ApproxImately $1.93/sf for 12"
gravel base and 4" aurface (1)

ApproxImately $IO.94/sf (1)

EFFECTS OF THE TECHNOlOGY

Reduces potentIal for leachate
generatIon

Does not reduce toxIcIty or
persIstence of contamInants

ProvIdes protectIon from dIrect
exposure

Allows for future use of area

Same as A.l

SemI-rIgId materIal more
flexIble than concrete

Surface not as durable aa A.l
and A.2

RequIres surface sealant to
reduce permeabIlIty

Restricta future aIte use

ENGINEERING ACCEPTABILITY

Can be accomplIshed uaing
conventIonal equIpment and
techniquea

Can be accomplIshed usIng
conventIonal equIpment and
technIques

Can be accomplIshed uaIng
conventIonal equIpment and
technIques

ACCEPTABLE FOR
FURTHER ANALYSIS

Yes

Yes

~

(too reatrIctive of
potential uses, such 88

hesvy structural and
vehIcular loadIng)

(1) Unreferenced cost data provIded In EvaluatIon of RemedIal ActIon Alternativea - FMC and BNR Landa - Ground Water
RegIme, Conestoga-Rovera &AsaocIatea LImIted - May 1985

(2) USRPA. October 1985. Handbook - RemedIal ActIon at Waate DIapoaal SItea (RevIaed)

(3) RMT estImate from prevIous work on aimilar project

(4) Vendor eatimate

D.II. • r. oDe

~- D~rl' 071""1

~ '.OJ 13JI.10.



• •
INITIAL SCREENING OF

REMEDIAL TECHNOLOGIES
TABLE 3-1

•
PAGE 2 OF 8

TECHNOLOGIES

CUNTAINMENT

A. CAP IN PLACE

4. Sprayed on Caps

5. Soil Caps

6. Synthetic Hembranes

7. Composite Covers

COST (1988 SI

Approximately $O.57/sf for 1/4"
thick membrane (1)

Approximately $O.74/9f for 2'
clay cap (4) .

Approximately $l.OO/af (2)

Approximately $5.45/sf (2)

EFFECTS OF THE TECHNOLOGY

Reduces leachate generation
potential

Does not reduce toxicity or
pers1atence

Re9tricts future site ussge

Not as durable as A.l or A.2

Same as above

Same a9 above

Ssme ss above

ENGINEERING ACCEPTABILITY

Can be accompli9hed u9ing
conventional equipment and
techniques

Can be accompli9hed u9ing
conventional equipment and
techniques

Can be accompli9hed using
conventional equipment and
techniques

Can be accompli9hed using
conventional equipment and
techniques

ACCEPTABLE F~
FURTHER ANALYSIS

No
(too restrictive
of future uses.

not durable enough)

No
(too restrictive
of future URes I

not durable enough)

No
(too restrictive
of future uses.

not durable enough)

No
(too restrictive
of future URes.

not durable enough)

(1) Unreferenced cost dsta provided in Evslustion of Remedial Action Alternativea - FMC and BRR Landa - Ground Water
Regime. Conestoga-Rovera & Aasociatea Li.ited - Hay 1985

(i) USEPA. October 1985. Handbook - Remedial Action at Waste Di8poaal Sltea(Revlaeil)

(3) RHT estimate fro. previoua work on aimilar project

(4) Vendor eatimate ®:iffl-
D.". • r· Go.

DAf" 07/2""
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• •
INITIAL SCREENING OF

REMEDIAL TECHNOLOGIES
TABLE 3-1

•
PAGE 3 OF 8

TECHNOLOGIES

CONTAINMENT

B. HYDRAULIC CONTAINMENT

1. Slurry Wall

2. Sheet Piles

3. Injected Screens

4. Grout Curtains

COST (1988 Sl

$6 - $14/sf (2)

For a vall at sverage depth of
130 ft, use $14/sf

No 0 & H coata

$7-$14/sf (2)

Sa.... as B.l

No 0 & H COAts

EFFECTS OF THE TECHNOLOGY

Can be very effective at
Isolating source and lImiting
migration

Hydraulic control necessary
behind vall to control head of
ground vater

Can be very effective at
Isolating source and lImItIng
mIgratIon

HydraulIc control necessary
behInd vall to control head of
ground vater

ENGINEERING ACCEPTABILITY

Implementation at such great
depth may be dIfficult

NOT TECHNICALLY FEASIBLE AT THE
DEPTH REQUIRED AT THE NlROP

NOT TECHNICALLY FEASIBLE AT THE
DEPTH REQUIRED AT THE NIROP

Less reliable than alurry
vall methoda for obtaInIng
good cutoff

Implementation at such great
depth may be difficult

ACCEPTABLE F~
FURTHER ANALYSIS

No
(not technically feaAlble

No

No

~

(not technically
feasible at great

depths, leAS feaAlble
than Alurry vallA)

(1) Unreferenced coat data provided In Evaluation of Remedial Action Alternatlvea - FMC and BNa Landa - Ground Water
Regime, Conestoga-Rovers & Associates Llaited - Kay 1985

(2) USEPA. October 1985. Handbool<--Re..edlal -ActionatWaate Dleposa1-Sltea(-aev18ed)

(3) RHT estimate fro.. prevlous vorl< on sI..llar project

(4) Vendor estl..ate
Dr"'.• .,. ODe

~ .. DA", 07/21/,.

~ ,,~./. 13J2.10



• •
INITIAL SCREENING OF

REMEDIAL TECHNOLOGIES
TABLE 3-1

•
PAGE 4 OF 8

TECHNOLOGIES

DISPOSAL

A. SOIL

1. Off-Site Pacility

2. On-Site

B. GROUND WATER

1. Surface Water

COST «1988 Sl

Approximately $350.00/cy (1)

Volume e9timate unsvailable

Approximately $O.40/cf (3)

Volume estimate unavaIlable

Dependent upon quslity snd
,qusntity of ground water

EFFECTS OF THE TECHNOLOGY

Remove9 contaminated material
off-9ite. thereby minimizing
potential leaching of
contaminants to ground vater at
site

Hove9 risk of material to
'another location

Regulatory conslderations (land
ban. SARA) would need to be
addressed

Engineering controls can
effectively contain and i90late
waste

R19k reduct 10n comparable to
off-slte disp09al

Regulatory consIderations (land
bsn. SARA) would have to be
addressed

For trested ground water. would
not involve exposing other
populstions to ri9ks

For untrested ground water.
could lead to adverse
environmental and human health
effects

ENGINEERING ACCEPTABILITY

Requires source identification
and quantificstion

Proven technology

Waters collected during
dewatering may require dlap09al

Could potentially requlre
extensive excavation

Leachate treatment requlred

Hakes Uge of demonstrated
technology

Requires source identification
and quantIfication

0ges proven technology

Would require monitoring

ACCEPTABLE FOIl
FURTHER ANALYSIS

Yes

Yes

Yes

(1) Unreferenced cost data provided In Evaluation of Remedlal Action ,Alternatives - FMC and BNR Lands - Ground Water
Regime. Conestoga-Rovers & Associates Limited - Hay 1985

(2) USEPA. October 1985. Handbook - Remedial Action at Waste Dlsposal Sites (Reviaed)

(3) RHT estImate from prevIous work on sImIlar project

(4) Vendor estImate

D.... • ,.. QO.

~- OATI· 07"1f"

~ ,.ItOJ, lil'.1'-



• •
INITIAL SCREENING OF

REMEDIAL TECHNOLOGIES
TABLE 3-1

•
PAGE 5 OF 8

TECHNOLOGIES

DISPOSAL

B. GROUND WATER

2. POTW

). RCRA Facility

4. Reinjection

5. Deep Well Injection

COST «1988 II

Dependent upon quality and
quantity of ground water but
generally more expensive than
B.l

Dependent upon quality and
quantity of ground water but
likely much more expenalve than
B.l and B.2

Dependent upon quality and
quantity of ground water but
likely more expenaive than B.l
and B.2 but leas expenaive than
B.)

Dependent upon quality and
quantity of ground water but
likely leaa expenaive than B.)
but more expenalve than B.l,
B.2, and B.4

EFFECTS OF THE TECHNOLOGY

Aeration at POTW would moat
likely reault In varying
degreea of volatilization and
thus removal of VOC/TCE

Removes contaminated material
from alte

Applicable to treated ground
water only

Regulatory conaiderationa would
have to be addresaed

Applicable to both treated and
untreated ground water

Regulatory conaiderationa would
have to be addresaed

ENGINEERING ACCEPTABILITY

Proven technology

Requlrea tranaportation to
facUlty

Uaea proven technology

Proven technology

ACCEPTABLE FOR
FURTHER ANALYSIS

Yea

No
(too costly)

Yea

No
(too coatly)

(1) Unreferenced cost data provided in Evaluation of Remedial Action Alternativea - FMC and BNR Land. - Ground Water
. Regime, Coneatoga-Rovera & Aaaociatea Limited - Hay 1985

(2) USEPA. October 1985. Handbook - Remedial Action at Waste Dispoaal Site. (Reviaed)

(3) RHT estimate from preYious work on aimilar project/
(4) Vendor estimate f&jJjJ-

D.".•r' oDe

~01'211"

"'''0.1.' 1;32. to .



• •
INITIAL SCREENING OF

REMEDIAL TECHNOLOGIES
TABLE 3-1

•
PAGE 6 OF 8

TECHNOLOGIES

TREATrlENT

A. GROUND WATER

L Blologlc" 1

2. Carbon AdsorptIon

3. Al r Stripplng

COST (19811 $1

Cost dependent upon volume and
quality of influent

Same as A.l

o & K can be extremely hlgh

Ssme as A.l

Hoderately low capital and
o & H coats

EFFECTS OF THE TECHNOLOGY

If successful, would restore
water to quality sufficient for
disposal

Achieves very high level of
contaminant removal

Little potentlal for emIssIons
of VOcs to atmosphere

Achleves a high level of
contaminant removal

Releases VOCs into atmosphere
whIle removIng them from ground
water

ENGINEERING ACCEPTABILITY

Technically not ss developed
as A.2 and A.3 for this
apecific application

Proven technology for this
appl1cat lon

Could be used as a pol1shing
trestment for previously
treated l1quid

Proven technology

Kay require a polishlng step
before dIsposal

ACCEPTABLE FOft
FURTHER ANALYSIS

No
(Technology not as
proven 8S others, for
reducing lov concen
trations of VOCs)

Yes

Yes

'(1) Unreferenced cost data provlded in Evaluation of Remedial Action Alternative. - FMC and BNR Land. - Ground Water
Regime, Cone.toga-Rover. &Asaociates Limited - Ksy 1985

(2) USEPA. October 1985. Handbook - Remedial Action at Waste Disposal Slte' (Revlsed)

(3) RKT e.timate from previou. work on .Imilar project

(4) Vendor e.ti... te
r&iJfl-

D_".• 'P" aoe
DifT· 0112111.
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• •
INITIAL SCREENING OF

REMEDIAL TECHNOLOGIES
TABLE 3-1

•
PAGE 7 OF 8

TECHNOLOGIES

TREATMENT

8. SOILS

1. Indnerat Ion

2. FIxatIonl
SolidIflcacion

C. IN-SITU

1. Strlpping-Ground Wate

2. Stripping-Soils

3. Biological Treatment

COST 119118 S'

EstImated at $200 to greater
$400 per ton (IncludIng
capItal, fuel, labor) (3. 4)

No reliable data avaIlable for
this specific applicatIon

No reliable data available

Dependent on area of
contamination

No reliable data available

EFFECTS OF THE TECHNOLOGY

Ensures virtuslly complete
destruction of TCE

ResIdue vould require disposal

Would noC reduce toxicity or
persistence

Diaposal of resultIng mass
vould Btill be required

Removes contaminant from site
ground vater

Removes contaminant from
unsaturated zone

Theoretical considerstiona
indicate contaminant vould be
removed from site

ENGINEERING ACCEPTABILITY

Would requIre source
ldent If lcation

Would requIre many small
units for on-site opera cion

Commonly used technology

Unproven technology

Would require much resesrch
and development

Would require Identification
of contaminated area

Proven technology

May require treatment of
extracted air

Unproven technology

Would requIre more research
and development than C.2

ACCEPTABLE FOR
FURTHER ANALYSIS

No
(too cOBtly)

No
(uncertain cost data, no
toxicIty reductIon)

~

(unproven technology)

Yeg

~

(unproven technology)

(1) Unreferenced cOBt data provided in Evalu.tion of Remedial Accion Alternative. - FMC and BNR Lands - Ground Wscer
Regime. Conestoga-aovers & Associates Limited - Hay 1985

(2) USEPA. October 1985. Handbook - Remedial Action at Waste Disposal Sites (Revised)

(3) RHT eBtimate from previous work on similar project

(4) Vendor estimate f8ilJl-
D.".•,. 001

DArt'OJ/211"

""0.1.' ,j 32. to '



• •
INITIAL SCREENING OF

REMEDIAL TECHNOLOGIES
TABLE 3-1

•
PAGE 8 OF 8

TECHNOLOGIES

REHOVAL

A. SOILS

1. Excavation
(of contamlnated
soils in the
unsaturated zone)

B. GKOUND WATEK

1. Pumping Wells

2. Subsurface Drains

COST C1II1lI"

$15.70/cy (3)

Inflated to account for work in
contaminated environment

No total cost calculated due to
lack of source lnformation and
identlfied plume is below
bulldlng

$50/ft of depth for well
installation (3)

Pump and piping costs not
included

For trenching in 40 ft depths
$200 to $900 per running foot
(4)

EFFECTS OF THE TECHNOLOGY

Source removal ellmlnates the
potentlal for contlnued
leaching to ground water

Treatment and/or secure
dlsposal further reduces rlsk
of exposure

Does not address contaminants
which have already leached into
the ground water from the soil,
due to recharging precipitation

Provides recovery of
contaminated ground water

Gradient control can lead to
migration limitation

Ground water 'removal c:ould
"flush" contaminants fro.
soils, thus DO longer
necessitating soil removal

Same as B.l

ENGINEERING ACCEPTABILITY

Can be accompli9hed uslng
conventlonal technology

Excavated areas ~y require
bsckfilling

Need to further deflne area
and quantity of source
materlal

Hay provide grad lent control
due to high aquifer
permeability

Additional design work
required to establish optimum
pumping rates aDd well
spacing

Deep trenching somewhat
difficult and dangeroua in
saturated aolla

ACCEPTABLE FOR
FURTHER ANALYSIS

Yes

Yea

No
(B.l provides equal
beneflt at greater

confidence level)

(1) Unreferenced cost dsta provlded in Evaluation of Remedial Action Alternativea - FMC and BNR Landa - Ground Water
Reg lme ,Coneatoga-Rovers. &-Asaociatea· Limited. ~ Hay .1985

(2) USEPA. October .1985. Handbook - Remedial Action at Waate DlopDsal Sites (Revised)

(3)

(4)

RHT estimate from previous work 00 aimilar project

Vendor estimate

0_", .r. 001

~- .AT ' 0112 "" .

~ '''OJ 13'7.10



The technologies that ;>assedthe technology screening of Section

• 3.4 Rre Rummarized below:

Grouping

Containment

Technology

~apping soil with
asphalt pavement •

concrete or

These technologies are assemhled into remedial alternatives 'which

the remedial objec tives of the soil and ground \"la ter

treated ground water
recharge or discharge

surface waters, or
untreated ground water

• address

Removal

Trea tment

Disposal

. Excavation of soil.
~emoval of ground water with pumping
wells.

Treatment of soil with in-situ
vacuum extraction, or wi th windrow
vola tiliza tion.
Treatment of ground water "'ith air
stripping, carbon adsorption, or
both.

Disposal of soil ei ther on-s i te or
off-s i te.
Disposal of
using aquifer
to nearby
discharge of
to a POTioI.

contamination problem presented in Section 2.

alternatives are discussed in Section 3.5.3.

3.5.2 Remedial Alternatives for Similar Sites

These groupings of

Remedial action alternatives (RAA) at various hazardous waste and

CERCLA sites across the country with similar constituents of concern and

contaminated media are summarized in Tables 3-2 and 3-3. Review of

other remedial action sites provides an indication of whether all

reasonable alternatives have been considered.
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-- .~E 3-2
HAZAR.DOUS i~ASTUCt::RCLA SiTES INVOL.VING VOC/TCE CU.'iTAHINATlON -

CO~L'1ENTSALTERNATIVEG/'.OUND WATER
l!UA,ULTIES

c------'-
SOlL.CUNST LTUt:I,TSSITt:

1. Anon/lUous TCE (paint sludge) 30,000 cy
r"',Joved

NA Ground water pumping
Air stripping treatment
Disposal to ground water

Feasibility Study
Recommendation

2. Anonymous TCE 1,600 Ib removed NA In-situ vacuum extraction
Cost: $lS-20/cy

14-week Pilot Study

3. Verona well
Field
Battle Creek,
HI

Chlorinated VOCs 1,70010 VOCs
in soil

4,000 Ib vac
in ground water

In-situ vacuum extraction USEPA ROD, 1985
Cost: $410,000 (capital + year 1 O&M
estimate)
Ground water pumping and air stripping
treatment

TCE in drinking water NA4. Wurtsrnit"n
AFH,
Oscada, 111

5. Hazardous
Waste
Landfill

6. Fisher and
Porter Site,
PA

7. LeHillier/
Mankato Site,
~u

8. Hain St reet
Elkhart, I~

TCE, TCA and VOC

TCE, PCE

TCE

TCE

NA

NA

NA

NA

6 mg/l

500-1,000 mg/l

87 mg/l TCE
26 mg/l peE

N.-\

3 mg/l

Ground water pumping
Air stripping treatment

Excavate USEPA, 1984
Aerate and treat soil
Ground water pumping with GAC treatment

Ground water pumping USEPA ROD, 1984
Air stripping treatment
Surface·water disposal

Ground water pumping USEPA ROD, 1985
Air stripping treatment

Ground water pumping USEPA ROD, 1985
Air stripping treatment
Disposal to water treatment plant

9. San Gabriel/
Area 1, CA

TCE NA 1.8 mg/l Ground water pumping
Air stripping treatment

USEPA ROD, 1984

NA - Not Available GAC - Granular Activated Carbon ROD - Record of Decision

1332.10 139:RTA:frid0603Trl



e •TABLE 3-3
SUPERFUND RECORD OF lJr:ClSLON (ROD) SU~1:1ARY •

Site

EPA
Approval

Date Type

Site Description

Area (ac) Constituents

Selected
Remedial Action
Alternative

Remediation
Target
Levels

1. Ottati /,
Goss, NH

2. Winthrop
Landfill, ME

01/16/87

11/22/85

Drum
Reconditioning

Municipal,
cOiDmerc(al, and
industrial waste
landfill

35

20

VUC, PCB,
metals, etc.

VOC (to 400
ppm in ground
water)

Excavate & incinerate 5,000 cy soil
Aerate 14,000 cy soil
Extract and treat ground water
using air stripping
Disposal to surface water

Alternative water supply
Land use restrictions
Ground water monitoring
RCRA landfill cap
Pump and treat ground water
Establish ACLs

PCB > 20 ppm
Aerate soil with> 1 ppm VOC
< 10-6 excess cancer risk
for ground water NPD£S Permit

NA

3. Combe Fill 09/29/86 Municipal and 65
South industrial waste
Landfill, NJ landfill

4. Hyde Park 11/26/85 Landfill 15
Landfill, NY

5. New 03/317s7 l1unicipal and NA
Brighton/ private wells
Arden Hills/
St. Anthony,
l1N

ACL = Alternate Concentration Limit
GAC = Granular Activated Carbon

NA = Not Available

VOC, phenols,
and basel
neutral organics

Organics,
dioxin,
and PCBs

VOC in ground
water, including
TCE and PCE

Alternate water supply
RCRA landfill cap
Pump and treat ground water
Disposal to stream

Ground water pump and treat
Ground water plume containment
< 10-6 excess cancer risk

Treat contaminated wells using GAC
Disposal to public water treatment
plant

NA

NA

MCL and
proposed MCL



•
Table 3-2 presents a summary of nine hazardous waste/CERCLA sites

where TCE is the priHlary constituent and where contamination has· been

identified in the soil or ground water (RMT, 1987d). Of the nine sites

listed, the following is a summary of the remedial alternatives selected

for soil and ground water remediation.

Soil Remediation

In-Situ vacuum extraction (2 sites)

Ground Water Remediation
I

Pump and treat using air str~pping
(7 sites)

site)

I

Excavate and aerate (1 site) Pump and treat using GAC (1

Disposal:
- to ground water (1 site)
- to surface water (l site) .
- to water treatment plant (1 site)

Table 3-3 presents five CERCLA sites that have had their remedial

constituents and media of concern similar to the NIROP site (USEPA,

action alternative appr9v~d by the USEPA within the past two years, with

• 1987) . For the constituents of toncern similar to those addressed for

the NIROP site, soil remediation alternatives have included excavation

and aeration, and soil capping. Ground water remediation has included

pumping, treatment by air stripping or GAC, and disposal to surface

water or a public water treatment plant. Site No. 7 in Table 3~2 and

Site No. 5 in Table 3-3 are Minnesota sites.

The FMC USEPA Superfund site is a nearby CERCLA site where VOC

contamination in the soil was addressed by cons t ruction of a· RCRA-

permitted impoundment for 38,000 cy of contaminated soil. The

impoundment was designed to treat the soil by the use of aeration

vents. The selected ground water remediation for this site was a

pumpout, air stripping treatment and sanitary sewer disposal system.
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• 3.5.3 Description of Remedial Action Alternatives

Six remedial action alternatives have been developed from the

technologies screened in Section 3.4. Four of the six a1ternativ~s 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 defined. at the NIROP site may include various

combinations of the alternatives listed below.

•
Alternative

A
B
C
D
E
F
G

H

Description

Capping Contaminated Portions of Site
Excavation and Disposal of Contaminated Soil
Excavation, Treatment, and Disposal of Soil
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
Hovement of Proposed Minneapolis Ground Water
Augmentation System.

A summary of the salient features of Alternatives A through H is

presented in Table 3-4. Figure 3-2 shows how the remedial alternatives

are assembled from the previously screened technologies. Source control

alternatives, which primarily address unsaturated soil contaminiltion,

are distinguished from the management of migration alternatives, which

primarily address ground water contamination, on Figure 3-2 .
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•
TABLE 3-4

INITIAL LISTING AND DESCRIPTION OF REMEDIAL
ACTION ALTERNATIVES

Alternative Description

A Soil Cap

Salient Features

Concrete or asphalt paving
Reduces soil contaminant
leaching
No reduction of toxicity,
volume, or persistence
Long-term monit~ring required
Allows full use of site .
Can use conventional equipment
and techniques
Provides protection from direct
exposure

1332.10 139:~TA:frid0608T

•

•

B

C

D

E

Soil Excavation
and Disposal

Soil Excavation,
Treatment, and Disposal

Soil In-Situ
Vacuum Extraction

Ground Water Pumpout
and Disposal

3-30

Less feasible for diffuse and
deep source areas
"Land-ban" restrictions apply
RCRA Subpart C hazardous waste
disposal facility is required;
less than 1 percent by weight
"listed" solvents variance
expires 11/88
SARA de-emphasis
Off-site or on-site disposal
possible

Treatment of soil with \¥indrows
on impervious surface
Field studies or VOC emission
modeling required: rate of
volatilization, daily vac air
quality

Innovative technology
Pilot-scale test possibly
required .
May need to treat off-gases
Reduces volume and toxicity

Pump to existing sanitary
sewers
Aquifer pumping test requited to
determine optimum well location
Contamination recovery and
gradient control
"Decontaminates" saturated soils
Natural leaching of unsaturated
soil contamination



TABLE 3-4 (Cont'd)
INITIAL LISTING AND DESCRIPTION OF REMEDIAL

ACTION ALTERNATIVES

Alternative Description--_........:_-------

F Ground Water Pumpout,
Treatment, and Disposal

Salient Features

Pump to centrally located treatment
system
Must determine optimum well
locations
Contaminant recovery and
gradient control provided
Air stripping treatment of
ground water.
Re-inject or discharge
to surface water or POTw

•

G

H

Treatment at Proposed
Ranney Well Field

Relocation of Proposed
Water Supply Well Field

Series of large diameter
extraction wells with
horizontal feeder arms
Wells may draw-in NIROP ground water

Move location north on Mississippi
River shoreline near Fridley Well
No. 13
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MANAGEMENT OF MIGRATION ALTERNATIVES

E,F,G,H

GROUND
WATER

NO
ACTION

'.
FIGURE 3-2

POTENTIAL REMEDIAL TECHNOLOGIESI ALTERNATIVES

FOR THE NIROP

FRIDLEY, MINNESOTA
SOURCE CONTROL ALTERNATIVES

A,B,C,o,

SOIL

NO
ACTION

•

-----------4----------------------------------------~----------------------
'A

CONTAINMENT
NO TECHNOLOGIES
PASSED THE

INITIAL SCREENING

CAP IN
PLACE

------------~----------------------------------------~---------------------
E F ,

REMOVAL I PUMPING

----------------------~-----------------

•

8 AIR STRIPPING
AIR CARBON & CARBON

STRIPPING . ADSORPTION ADSORPTION
TREATMENT I I G F

(IF NECESSARY)

IN- SITU

VACUUM
EXTRACTION

D

B1 B2
EXCAVATE

C

,
VOLATILIZATION

C

--------------~----------------------------------~--------~---

DISPOSAL
E

POTW

• •
SURFACE F

WATER
DISCHARGE

,
AQUIFER

RECHARGE

F B1
OFF
SITE

t .
82

ON
SITE

C
{IF NECESSAAVr

NOTES: 111 LETTERS CORRESPOND TO REMEDIAL ACTION ALTERNATIVE USING SPECIFIED TECHNOLOGY.

(2) ALTERNATIVES G AND H ARE DESIGNED TO PROTECT POtENTIAL GROUND WATER RECEPTORS.
0-" _rOM

~·ilo.'( 12-4-17

L~ ".0'. nU.lo



alternatives that passed the initial screening .

The no-action alternative is evaluated with the•
Alternatives

alternatives .

G and Hare considered management of migration

.
General Assumptions

The descriptions of the remedial action alternatives developed for

the screening of alternatives will differ in some regard from the

descriptions developed for the detailed evaluation of alternatives

presented in Section 5. This is the result of the lesser degree of

accuracy required for the alternatives screening and the less developed

designs. The following table presents the general assumptions

•
concerning the NIROP site that were used for the remedial alternative

screening.

NIROP Site Assumptions for
Remedial Alternatives Screening

1
2.
3.

4.
5.
6.

7.
8.
9.

Site size
Paved or covered area
Unpaved areas

Soil contamination criterion
Identified area of soil contamination
Contaminated soil area:

area
thickness
in-place volume
depth to contaminated soil

Location of contaminated soil area
Approximate depth to water table
Ground water contamination:

contaminated layer thickness

average TeE concentration in
contaminated layer

83 acres
52 ac res
- Pit and trench areas
- Area around TCA tank
- Area on west side of site
Greater than 1 mg/kg VOCs
Trench 3

800 square feet
10 feet

300 cubic yards
10 feet

See Figure 3-3
20-30 feet

30 feet (on-site) in
vicinity of trench 3)

1 mg/l
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•
10. Aquifer properties:

aquifer thickness
effective porosity
radius of influence for
200 gpm pumping
ground water velocity

100 feet
0.25

300 feet
sao feet/year

The assumptions presented above were modified following screening

of the remedial action alternatives. The modified assump tions are

presented in Section 4.2. They are also the assumptions presented in

the description of the nature and extent of the problem in Section 2.3.

A brief description of each alternative and the assumptions

specific to each one follows below.

Source Control Alternatives

Alternative A - Capping- Con tamina ted Portions of Si te

)
Alternative A is a concrete cap over the SOO-square-foot area above

• trench 3.

Figure 3-3.

The area has dimensions of 20 feet by 40 feet, as shown on

The cap would actually extend over an area 1.25 times the

contaminated area in size as a factor of safety. The cap would include

drainage collection along the sides of the cap, a curb, and grading over

an area twice the size of the contaminated area to avoid runoff

infiltration and run-on.

Alternative B - Excavation and Disposal of Contaminated Soil

Alternative B actually consists of two alternatives, B1 and B2,

both of which involve the excavation of approximately 300 cy of

contaminated soil and the disposal of that soil in a RCRA-permitted

landfill. The 300 cy of soil is to be excavated from the 800-square-
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foot are.<i above trench 3, shown on Figure 3-3. Al terna tive B1 includes

the disposal of contaminated soil at a RCRA-permitted off"'site

landfill. 'lternative H2 includes the disposal of contaminated soil .<it

an on-site landfill, which does not currently exist and which will

require RCRA permitting. The on-site disposal alternative is evaluated

to see if it is cost-competitive with the off-site disposal alternative.

Bo th al tern.<i tives will require a s tagingl decon tamina tionl temporary

Alternative B2 will require a larger staging area for use

s tack pile

Figure 3-3.

area. The general loca tion of this area is sho\<Tn on

•

during the construction of the on-site landfill.

The approximate location of the proposed on-site landfill of

alternative B2 is shown on Figure 3-3.·

Alternative C - Excavation, Treatment, and Disposal of Soil

Al terna tive G is the excava tion of 300 cy (in-place volume) of

contaminated soil in the aOO-square-foot area above trench 3, treatment

of the soil, and disposal of the soil in the excava ted pi t. Soil

treatment would consist of passive volatilization of soil spread in 6

inch lifts on a 60-foot-square concrete pad. The trea tment would be

facilitated by disking the soil using a tractor pulling a disk

attachment. The trea tmen t pad and tempora ry s tockp He areas wou:ld be

properly drained to minimize runoff and run-on. Based on a cleanup ra te

of one lift per day, the estimated total treatment duration is 5 days.

Approxima te laca tions of the excava ted area and trea tmen t and stockpile

areas are shown on Figure 3-3 •
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•

TreAtment effectiveness would be based on on-site gas chromatograph

(GC) screening. A lift of contamina ted soil would need to have sever:>l

soil sAmples with a total GC level bela'", a prescribed amount before t;le

soil could be backfilled into the excavation.

Pi~ot-scale or bench-scale studies would need to be done to

estimate the rate of volatilization t the feasible level of cleanui>t and

the da ily quan ti ty of VOCs released to the a tmosphere by this me thode

Alternative D - Soil Treatment Using In-Situ Vacuum Extraction

Al terna tive D involves extrac ting vola tile organic vapor from the

vadose zone of the area above trench 3 shown on Figure 3-3. This is the

area with identified vadose zone soil contamination.

The main component of the vacuum extraction system is a vacuum pump

capable of pumping air at a high flow rate. The system that is assumed

to be appropriate for this case consists of bvo wells installed 15 feet

below grade approxirna tely 80 feet apar to The wells are screened above

the ua ter tablet which was measured to be a t a dep th of approxima tely 20

fee t. The wells are connec ted to a below-grade PVC pipe ne twork. The

pipe network connects each well to the other and to the vacuum pump.

Each well will have a flow control valve and a sampling port. The area

above the system is paved.

The system operates with the pump creating a negative air pressure

in the vadose zone.· The resultant air pressure gradient induces air

amount of a tmospheric air tha t is drawn into the wells t 'which would

short-circuit the soil pressure gradient.

•

flow from the soil in to the wells.
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The air flo''''' induced in the vadose zone soil is composed, in part,

of the volatilized fraction of the contaminants that are absorbed in the• vadose zone soil. The contaminated air is discharged untreated t.o the

atmosphere. 'Fresh Air is drawn from the areas outside the contaminated

area 'through the contaminated area where additional contaminants are

vola tilized. Due to the high air flow ra te and the partial pressure of

the volatile contaminants, it is anticipated that the levels of

contaminants remaining absorbed to the soil would be reduced to

acceptable levels wi thin a DolO-month period. Therefore, a pilot study

would precede the sys tem implemen ta tion to de termine a ir extraction

rates and other parameters. Treatment eff~ctiveness is a function of

•

several site-specific variables.

This approach involves the assumption that emissions of VOCs to the

atmosphere will be below regulatory standards.

Hi th the two extraction wells installed below the wa ter table, this

system could be integrated into a combined ground water extraction and

soil vacuum extraction system.

Management of Migration Alternatives

None of the remedial alternatives meet a strict definition of a

"management of migration" alternative. Two alternatives in this

category are hydraulic barrier alternatives. The other two address the

proposed municipal water supply well system.

The hydraulic barrier al terna tives address source con trol as well

as management of migration. They involve pumping of contaminated ground

water and flushing of contaminated soil at the site.
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The wa ter supply 031 terna tives p!:"ovide nei the!:" SOLJrce can trol nor

mas t cri tical DO ten ti:'ll recep tor, the proposed drinking \113 ter we 11

field, until natural flushing decontaminates the site.
• Iniera tion manaeemen t. They minimize the public health th!:"eat at the

Alternative E - Pumping and Disposal of Ground Water

Alternate E is a ground water pumping and disposal system. Pumping

consists of four 10-inch-diameter ground water extraction wells, labeled

AT-l through AT-4. The well locations assumed for this evaluation are

shown on Figure 3-3. This evaluation is based on an assumed pumping

rate of 200 gallons per minute (gpm) per well. The well locations, the

number of wells, and the pumping ra tes will be re-evalua ted if this

alternative passes the screening of alternatives of Section 3.6.

Ground wa ter disposal op tions include disposal to the sani t3ry

The former alternatives may• sewer, the storm sewer, or to the ground

alternative is the basis for Alternative F.

wa ter regime. The la tter

require various levels of treatment before disposal. Storm sewer

disposal will probably have a much more stringent discharge ARAR than

sani ta ry sewer disposal because the sani ta ry was tewa ter will be trea ted

a t a publicly owned trea ullent works (POT\~). Storm sewer disposal

involves discharge directly to the Mississippi River.

In order to evaluate this alternative as a pump-and-dis~ose

alternative without treatment, disposal to the sanitary sewer will be

evaluated. Ground water pumpout is to a central collection·line. This

collection line will feed directly into the existing sanitary sewer

1332.10 l39:RTA:frid0608b•
sys tem. Ea sed on approxima te sani tary sewer manhole loca tions, the

3-39



lenf,th of addition8.l piping to the manholes is qbout 2,000 feet, with

sewer disposal is not approved ~lithout pretreatment, Alternative E is

not viable. The avoidance of pretreatment is one of the major features

distinguishing Alternative E from Alternative F.

This alternative, along with Alternative F, is both a source-

• the pipeline and manhole loca tions sho~1I1 on Figure 3-3. If sanitary

control and management of migration alternative. Source con trol is

.provided by contaminant removal. Pumping directly removes the

properly designed, these wells could act as hydraulic barriers to the

contaminated ground water migrating across the site.

contaminant mass dissolved in the ground wa ter. Pumping also

accelerates the natural flushing of contaminants absorbed in the soil in

the sa tura ted aquifer by rela tively clean ground wa ter from areas

upgradient of the contamination source. Flushing is accelerated due to

the increased ground wa ter flow around the pumped wells.

The management of migration function is served by the two wells

• located near the south..rest edge of the site (AT-2 and AT-3). If

Alternative F - Pumping, Treatment, and Disposal of Ground Water

Alternative F is a ground water recirculation and treatment

sys tem. It consists of four 10-inch-diameter ground water extraction

wells, labeled AT-l through AT-4, and two lO-inch-diameter ground water

injection wells, labeled IW-l and IW-2. The six well locations assumed

for this evaluation are shown on Figure 3-3. This evaluation is based

on an assumed pumping rate of 200 gpm per extraction well. Before re

injection, ground water is treated using an air stripping column to
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reduce levels of the four identified contaminants of concern to levels

within the cleanup system is 8ssumed to be rnaintainerl by pUr.1ping. The

extraction wells are located at various distances downgradient from the
• pe rlni t ted by ground wa ter di scha rge ARARs.

suspected on-site contamination sources.

Ground water circulation

The injection wells are

located slightly upgradient of the northerly pit and trench area. The

'-lell loca tions, the number of wells, and the pumping ra tes will be re

evaluated if this alternative passes the screening of alternatives of

Section 3.6.

As with all alternatives, this alternative assumes that the

contaminant source is on-site, with relatively clean upgradient water.

If additional investigations show otherwise, the alternative must be

reconsidered.

Varia tions on this al terna tive may also be implemented. One

variation is to re-inject the clean ground water using a percolation bed• over an identified source are3. This would permi t in tens ive soil

flushing of contaminants. However, potential exposure to contaminated

soil during construction of the percolation bed must be considered.

Another alternative is to treat the ground water with a spray aeration

technique, wi th the sprayed wa ter recharging the ground wa ter over a

wide area. This, too, increases potential exposure, although the

technique has been used in Hinnesota to trea t TeE-con tamina ted ground

wa ter.

Alternative F serves as both a source control and management of

contaminant removal with the ground water and ground water treatment.

•
migration alternative.
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con tamina ted ground wa ter wi th extr::iC tion wells removes the con taminan t

mass dissolved in the ground water. This direct removal minimizes the

potential for contaminated ground water dischargine into the Mississippi

River; The extraction well pumping also accelerates the natural flushing

of contaminants absorbed in the soil particles in the saturated aquifer

by clean ground wa ter upgradient of the con tamina tion source. The

increase in flushing is due to the increased ground wa ter flow rate

around the pumped wells.

The injection wells accelera te the flushing of ground wa ter and

contaminated vadose zone soil by adding significant amounts of

rela tively clean wa ter jus t upgradien t of the con tamina tion source.

This clean water flushes contaminants from the soil above the natural

wa ter table due to the ground wa ter mound crea ted by the injec tion of a

large quantity of water into the aquifer. The injected water incteases

the aquifer flushing rate due to the increased flow rate produced by the

injected wa ter.

The management of migra tion function is served hy the two wells

located near the southwest edge of the site (AT-2 and AT-3). These

weBs will be designed to act as hydraulic barriers to most of the

con tamina ted ground wa ter migra ting toward the Hiss issippi Rive r. They

act as hydraulic barriers by altering the ground water flow path around

them and inducing flow into the wells. The wells will also drawwa ter

tha t is downgrad ien t from them under na tural condi tions.

If a recirculation system is not permitted by ground water

regula tions in effec tat the time of the remedia tion, the recommended

Contaminant removal is achieved in several ways.

•

•
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•
disposal :'Ilternative for the tre;Jted ground wAter is through the storm

sewer system or through percolation beds.

Al terna tive G - Ground Va ter Trea tment at the Proposed Ranney \Jell Field

For the pas t several years, the Ci ty of Iii nneapolis Wa ter Horks has

been investigating the potential for aquifer development in the lands

owned by the city adjacent to their water works facility. The goal of

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

i1inneapolis and' surrounding communities, ideally on a daily basis and at

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

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

same target population is about 65 MGD.

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

overburden alluvial aquifer near the lola ter works and the russ issippi

River, using the ''Ranney'' well system. The goal of this system was to

draw a subs tantial amount of water from the I1ississippi River. R;·lT has

recently been informed by several sources that this plan has been put on

hold indefinitely. It is on hold because the aquifer does not appear to

be ilble to supply the required capaci ty and because of the presence of

TCE in the ground water.

At present, the City of Minneapolis Water Works has contracted the

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

of the Prairie du Chien/Jordan (PCJ) bedrock aquifer to determine the

potential yield and the potential for contamination from the upper

aquifer. The study is beginning its second year. At the end of the

three y,eArs, the USGS will have developed and calibrated a computer

•
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•
1Dodel for the upper and lower aquifer systems. At that time, the City

of l1inneapolis will evaluate the results and develop an additional

course of action.

Among the options considered by the City are the "Ranney" system, a

PC,] well system on city land) and a PC,] well system at a distance from

the "city land. However, according to one source at the water works, the

city has decided against adding a pretreatment system for contaminated

ground water. This includes both aeration and granular activated carbon

(GAC). The city has rejected these based on cost and 0 & M

•

considerations.

The uncertainty regarding the fate of the proposed well system is

important not only for purposes of developing remediation Alternatives G

and H, but because the proposed "Ranney" well field was identified as

the potential receptor with the highest potential for risk to human

health (RMT, 1987d). The fate of the proposed well system may influence

both what alternative is preferable and the design of the preferred

alternative.

Alternative G is a water treatment system to treat the identified

critical volatile organic contaminants that ~ay be extracted by the

proposed well field. The treatment system is a point-of-use systeffi that

~ay be added to whatever normal water supply treatment would be provided

for the well field. It would only be implemented if the well field is

installed in the vicinity of the ~IROP plume. The recommended treatment

system for this alternative is granular activated carbon (GAC).
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•
Alternative H - Relocation of Proposed Water Supply Well Field

This alternative includes the investigation of the new ground ~ater

supply location foi the City of Minneapolis being conducted by the USGS,

to the extent that the investigation has proceeded to date. It also

3.6

3.6.1

provides for installation of an additional pipeline with easements for a

site further away from the water treatment plant.

Screening of Remedial Action Alternatives

General

Screening of remedial action alternatives involves considerable

uncertainty at this time. The lateral and vertical extent of

•
potentially ongoing contaminant sources is not well defined .. There is

also evidence that existing ground water contamination at the site is

due in part to off-site sources. Uncertainty in soil and ground water

properties such as ground water velocity and soil stratification also

complicates estimates of cleanup duration under each alternative. Each

of these uncertainties is addressed in the additional field

investigations and analyses completed in early 1988.

As a result of the uncertainties stated above, the screening may

need to be refined after the additional data have been evaluated.

The no-action alternative is not evaluated in this screening

process. It is used as a baseline alternative to evaluate those

alternatives not eliminated in this screeping process •
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•

3.6.2 Purpose and Scope

The purpose of screening the remedial ac tion al terna tives (RAA)

tha t were developed in Sec tion 3.5 is to elimina te those tha tare ei ther

technically infeas ible, are inappropria te for the pro tee tion of the

environment and public health and welfare, or are not cost-effective for

the s~me level of protection.

The screening process is difficult at this stage because of

subs tan tial gaps in the ava Hable da tao The screening evalua tion is

based solely on da ta presented in the June 1987 Remedial lnves tiga tion

Report (~~T, 1987d).

The scope of the screening of remedial action alternatives is to

qualitatively evaluate the environmental, public health, and technical

feasibili ty aspects of each RAA and to perform an order-of-magni tude

cost analysis of each viable alternative. The qualitative evaluation

should address key questions about the alternative, such as the ability

of the alternative to mitigate the contamination at the receptors and

the ability to control the contaminant path"ways. The cos t analy s is

involves a cost estimate for each viable alternative, a present worth

assessment, and a cost screening evaluation.

The issues for each of the screening categories are presented in

Appendix B for each of the alternatives.

3.6.3 Technical Approach

Each al terna tive is screened based on the follow ing four

ca tegor ie s:

Environmental protection
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Env:lronmen tal effec ts

Technical feasibility

Cost

The environmen tal protec tion ca tegory iden tUies issues rela ted to

both -the environment and public health andlwelfare. The environmental

effec ts ca t~gory iden tifies po ten tially adverse impac ts tha t may occur

if the alternative is implemented. The technical feasibility category

is concerned with how proven the technology is and how long the

remediation m~y take using the technology.

The cos t analysis is an "order-of-magni tude" calcula tion, based on

available information about the site. It is used as a basis to screen

out excessively costly alternatives among the alternatives that provide

essentially the same level of environmental protection.

capital costs and the present value of the annual costs.

Cos ts for comparable al terna tives will be compared based on t~e

• present worth assessment. The assessment consists of the S!.lfil of the

The present value of annual costs is based on an interest rate of

10 percent and an assumed number of years of annual costs, which varies

for each al terna tive (USEPA, 1985e). Annual cos ts consis t of opera tion

and rna in tenance cos ts and ground wa ter moni toring cos ts. The accuracy

of the costs are intended to fall within the -50% to +100% range.

Capital costs consist of unit pricing for construction and

trea tmen t ac tivi ties. Health and safety requirements, engineering and

construction observation, and contingencies are incorporated on a

percentage basis. They add from 45 to 5S percent to the capital cost.

For excavation alternatives, health and safety costs are also
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consistent percentage of the project capital costs.•
incorpora ted in the rela ted uni t pr ices.

costs ;'lce excluded from the cl'lpital costs.

Up-front engineering design

In 8enera 1, they re f:Lee t a

,-

rrnit costs and total costs used for the screening at the

al terna ti ves will differ in some cases from those used in the de ta iled

evaluation of the remaining alternatives. For the latter cost

estimates, some unit prices are based on vendor quotes not avai18ble for

the screening. The system designs may also change between the screening

step and detailed evaluation step. The modified treatment system

components will also affect the cost estimates.

3.6.4 Summary of Results of Screening of Remedial Alternatives

The presentation of the issues for each of the screening categories

envi ronmen tal effec ts, technical feas ibili ty, and preliminary cos ts for

is presented in Appendix B for each of the alternatives.

• The conclusions regarding the environmen tal protection,

each alternative involved -in the screening are discussed below and are

summarized in Table 3-5 and 3-6.

The total present worth cost of Alternative A is an order-of
magnitude lower than that of Alternative B2, excluding ground
water monitoring costs. As shown in Table 3-6, Alternative A
will cost $27,000 and Alternative B2 will cost $530,000,
excluding monitoring. .

~ased on the significant difference
Alternatives A and B2, for the same
protection, Alternative A appears to
Alternative B2.

in cos t be ween
general level of
be preferable to

It is estimated that Alternatives C and D will both reduce t}le
level of soil contamination by volatile organics to less than
1 ppm within 3 months after start of treatment. Both
Alternative C and Alternative D are estimated to cost
$150,000, excluding moni toring.
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• •TARI.E )-S

,;i;~t1ARY (j;' INlTlAL SCREENING OF R'::'lr:DIAL ACTIOK ALTERI,ATIVCS

•
ALTERr,ATlVE

I. SOuRCE CU~TROL

A. Capping

til. Excavation and Off-Site
Dis?usal

Jl2. £xcavation a~d On-Site
:Jisposal

C. Excavation, Treatment, and
Dis?osal

D. In-situ Vacuum Extraction

13J~.10 13Y:~TA:fridJ60$T~

Et,1'! RON,1ENTAL PKOTEGTlU!\

Does not control ground
....ater.
Lateral and vertical
extent of source areas not
knolJn.
Does not destroy
contaminants.
Does not reduce public
health threat from
existing ground water
contamination.
Minimizes contaminant
leaching into ground
...·ater.

Same as for Alternative A,
except continuing threat
r~duced due to source
removal from trench 3
area·
Institutional barriers
under RCRA and SA~A.

Same as for Alternative B,
except continuing threat
reduced due to contaminant
destruction.

Same as for Alternative A,
except soil toxicity is
reduced.

ENVIRONMENTAL EFFECTS

Potential for lateral
infiltration.
Potential for leaching
through cracks in cap.

Potential or off-site
contaminat on for Alt. Bl.
Potential or exposure
during operation.

Potential for. exposure
during operation.
VOC exposure potential
during treatment.

Potential for exposure to
volatilized VOCs during
installation and
treatment·

TECHNICAL FEASIBILITY

Relies on prov~n

technology .
Long-term cap maintenance
required.

Relies on proven
technology.
Difficult to obtain
disposal space (Alt. Bl).
Long-term landfill
maintenance required.

Relies on proven
excavation technology.
Treatment technology is
evolving.

Innovative technology.

OP! :\lON OF
CS Tl ,tATEO PRES ENT

~ORTii COST
(Inchding ,uu:;orin,;)

400,000

Bl: S 530,000

B2: $1,000,000

520,000

520,000

RECO!'L"lE:;DATI0~;

Pursue fur~her.

Do not pursue
further.

Do not pursue
further.

Pursue further.



• •TAHLE 1-5 (Cont'd)

Sl;:-Wt.t\KY UF U\lT1AL SCiU:r:;,lr~G OF REf1ED1AL ACTloN ALTERNATIVES

•
ALTEKKATlI'S

il. !'lANA(;i:!1SKr uF MiGRATlON

Co Ground ~ater Pumpin6 ana
Disposal

F. Ground ~at~r Puo?ing,
Tr~atmentt and Dis?osal

G. Ground water Treatment at
Proposed "Ranney" \.o'ell
Field

H. Relocation of Proposed
~ater Supply ~ell Field

!33~.10 139:~TA:friJJ60JT.~

EN\' i ~UN~lENTAL PKOTECT lllN

Reduces potential risk
from ,round water ·sources.
Minimizes conta~inant

migration.

Reduces potential risk
from ground ~ater and soil
sources.
Minimizes contamination
migration.

Reduces potential risk for
one receptor.
Controls neither ground
water nor sources.
Local and state
institutional barriers.

Same as for Alternative G.

ENl'lKDNMENTAL EFFECTS

Potential exposure at
POT.'.

?otential air quality
impact.

Spent GAC disposal
required~

No on-site action.

rECH1\lCAL FEAS!5iLlTY

Relies on proven
technology.
Requires good aquifer and
plullle data.
Long-term operation.

Relies on proven
technology.
Requires good aquifer and
plume data.
Long-term operation.

Relies on proven
technology.
Needs high level of
reliability over long
term.

~eed alternative site.

OPI:,!!):; OF
ES Tl t'LHED PRSS E:\T

WORTH COST
(including 11:Jnl taring)

$7,700,000

$2,200,000

Not estimated

Not estimated

RECOf>t1E;;UATIOi\

Do not pursue
furthd.

Pursue further.

Put on hold.

Put on hold.



•
TABLE 3-6

PRl-:SENT WORTH COST SUMMARY FOR
INITIAL SCREENING OF ALTERNATIVES

CapitalALTERNATIVE

1 .,-__._CO_S_T_S...-:-(-"-$_1~,9_0_0__s'__) .__
o & M TOTAL-.,._----",--

Excluding Excluding Includ~ng

Monitoring Monitoring Monitoring

•

A Capping

Bl Excavation and
Off-site Disposal

B2 ·Excavation and
On-site Disposal

C Excavation, Treat
ment and Disposal

D In-Situ Vacuum
Extraction

E Pump and Dispose of
Ground Water

F Pump, Treat, and Dis
pose of Ground Water

G Treat Well Field

H Move Well Field

18

170

370

150

150

320

710

NA

NA

9

a

160

o

o

7,000

1,200

NA

NA

27

170

530

150

150

7,300

1,900

NA

NA

400

530

1,000

520

520

7,700

2,200

NA

NA
________________'-- ...L- --'-- -"-__ ,

NA = Not Available

NOTE: For Alternative E, a substantial portion of the estimated present
worth is due to an estimated publicly owned treatment works
(POTW) discharge fee at' $1.80 per 1,000 gallons of water.

/
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•
Based on the s:me general level of environr.Jent:'ll protection,
the fewer adverse environmen tal impac ts ano the addi tional
benefits of a cap, Alternative D appears to be preferable to
Al terna tive C.

Since Alternative Bl does. not offer significantly different
environmental protection than the remaining source control
al terna tives, and the po ten tial 3dverse impacts :'Ire gre8 ter,
Alternative 81 appears to be less preferable than Alternatives
A and D.

Alternatives A and D are the most preferable source control
alternatives, with Alternative A having the lowest cost and
decreasing hazardous constituent mobility, and Alternative D
being a permanent remedy employing the most innovative
technology. Alternative A does not decrease toxicity.

Based on the same general level of environmental protection
and the same general level of adverse environmental impact,
Alternative F appears to be preferable to Alternative E based
on cos t.

The management of migration alternatives offer essentially two
types of remedia tion. Al terna tives E and F will reduce the
toxici ty and/or volume of contamina ted ground lola ter. Both
will reduce the mobility of the contaminated ground wa ter,
using pumping as a hydraulic barrier to ground lola ter flow.
Al terna tives G and H will reduce the toxici ty or mobili ty of
the contaminated ground water into one receptor, the proposed
11inneapolis wa ter supply well field.

•
Al terna tive
Al terna tive
monitoring •

E
F

is es tima ted
is estimated to

to cost $7,400,000 while
cost $1,900,000, excluding

Based on the potential institutional barrier to Alternative G
and the required high level of long-term maintenance cOr.Jpared
wi th Al terna tive H, Al terna tive H is preferable to
Alternative G.

The alternatives were screened on the basis of existing
da tao Should additional field informa tion modify the
assump tions used for this screening, the al terna tives should
be re-evaluated based on the revised information.

3.6.5 Recommended Alternatives for Detailed Evaluation

Based on the i terns lis ted in Sec tion 3.6.4, it is recommended tha t

four of the nine evalua ted al terna tives be elimina ted from further
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•
cons idera tion in the de trt iled evalua tlon.

follows:

~lternatives HI and R2

Al terna tive C

U terna tive E

These al terna tives are recommended

These al terud tives are ~s

for elimina tion because

alternatives offering comparable environmental protection are available

with either fewer potentially adverse impacts or at lower cost.

The alternatives recommended for detailed evaluation (Alternatives

A, D, and F) offer two different types of remediation, with essentially

different types of environmental protection. These are vadose zone soil

remediation and ground water remediation.

It is recommended that evaluation of Alternatives G and H

concerning the proposed \·ra ter supply well field be pu t on hold un til the

Ci ty of 11inneapolis de termines at wha t loca tions sui table .lell yields

are available to meet their desired water supply capacity.

I t is also recommended that the assump tions used in this analysis

be reviewed based on the results of the additional field investigations

proposed in the Conceptual Workplan (RMT,' 1987a). Should the addi tiona 1

field informa tion modify certain assump tions, the appropria te

al terna tives should be re-evalua ted in terms of the revised information•
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•
4. REMEDIAL ACTION ALTERNATIVES

4.1 General

Three alter-natives ~ere r-ecommended in Section 3.6.5 for detailed

evaluating the other alternatives.

Each alternative developed for the detailed evaluation targets a

and F: and are presented in Table 4-1.

In order to provide the decision-maker with a range of remedial

alternatives, EPA recommends that at least one off-site disposal

alternative be presented in the final list of alter-natives (USEPA,

1985c). Thus. Alternative Bl is presented in Table 4-1. EPA notes that

if the alternative has been previously eliminated during the initial

screening, the reason it is not further considered should be

presented. This is done in Section 5.1.

The no-action alternative is also presented with the final list of

•

evaluation.

alternatives .

These alternatives are r-eferred to as alternatives A, D,

The no-action alternative serves as a baseline for

set of response objectives as discussed in Section 3. The response

objectives associated with each alternative are also su®narized in

Table 4-1. Off-site disposal is considered by USEPA as a response

objective for Alternative B1 (USEPA, 1985c) .
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•
TABLE 4-1

SUMMARY OF ALTERNATIVES FOR I)~~TAILW EVALUATION

Alternative

B1.

A

D

F

No Act ion

Excavation, Off-Site Disposal

Capping of Area Around Trench 3

In-situ Vacuum Extraction

Ground Water Pumping, Treatment,
and Disposal

Response Objective

No action

Off-site disposal of
contaminated soil from
unsaturated zone

Reduce likelihood of
future threat from
hazardous substances

Reduce likelihood of
future threat from
hazardous substances

Approach, attain, or
exceed standards

•

•

Notes:

1. Alternatives B1, A, and D are source control.
2. Alternative F is management of migration. It may be combined with

Alternatives A or D.
3. Treatment for Alternative F involves air stripping.
4. Disposal for Alternative F may involve either a leaching field or storm

sewer discharge or both.
S. "Standards" refers to applicable or relevant and appropria te s tanda rds .
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•
4.2 General Assumptions

The assumptions concerning key site parameters that are listed in

Section 3.5.3 are al~o used for the detailed analysis, with the

following changes:

Description

Dimensions of contaminated area:

For Detailed
Evaluation of
Alternatives
(Section 5)

Assumptions

From Alternatives
Screening
(Section 3;5.3)

•

Loca tion
Area
Thickness
In-place volume
Depth to contaminated soil

Approximate depth to water table

Aquifer pro~erties:

Effective porosity
Radius of influence for
200 gpm pumping well
Ground water velocity

Average contaminant concentrations
in contaminated soil of trench 3:

Total VOCs
TCE

Mass of contaminants identified
in trench 3:

Total VOCs
TCE

Trench 3
1,250 sq. ft.
15 feet
700 cubic yards
5 feet

20 feet

0.3

400 feet
1,200 feet/year

830 mg/kg'
670 mg/kg

1,600 lb.
1,300 lb.

Trench 3
800 sq. ft.
10 feet
300 cubic yards
10 feet

20-30 feet

0.25

300 feet
500 feet/year

No assumptions made
No assumptions ~ade

No assumptions made
No assumptions made

The changes are based on a re-evaluation of the data from the June

1987 RI Report between the screening of the alternatives and the

detailed evaluation of selected alternatives. The assumptions will

again be revisited in a subsequent FS Addendum Report.
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4.3 Description of Remedial Action Alternatives

Key features of the• in Ta ble 4-2. Details

remaining remedial alternatives are presented

of the alternatives are discussed in the

following sections. The preliminary location plan for the Feasibility

Study- remedial action alternatives is shown on Figure 4-1.

4.3.1 No-Action Alternative

The no-action alternative serves as a baseline case. The only

means of remediation associated with this alternative are natural

flushing of contaminated soil by percolation flushing and of ground

water by the natural ground water gradient. The duration of cleanup is

associated with the percolation rate and ground water velocity. The

only costs are associated with long-term ground water monitoring.

alternatives in reducing the potential threat to public health and the

environment may be evaluated against the potential threat that exists

with the no-action alternative.
•

The relative effectiveness of the other remedial action

4.3.2 Alternative Bl - Excavation and Off-Site Disposal

Excavation and off-site disposal is not pursued as an alternative

for remediating on-site soils. This is based on the conclusion from the

screening of the remedial alternatives, i.e., this alternative does not

offer substantially different environmental protection than Alternatives

A and D. However, the potential ~dverse impacts are greater due to the

potential for exposure to contaminated soil during excavation.
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,e • TABLE 4-2

SU~ll1ARl OF KEY FEATUReS OF RSHEDIAL ACTlOII ALTERNATIVES

.'

4};.

Alternative

No Action

Excavate and
Off-site Disposal
(Alt. B1)

1332.10 139:RTA:frid0608Tn

Key
Features

Baseline alternative.
Natural flushing of
contaminants from
ground water and soil.
Long-term ground water
monitoring to detect changed
conditions.

Eliminated during initial
alternatives screening.
Environmental protection
similar to Alternatives A
and D.
Potential adverse impacts
greater than Alternatives
A and D.
Institutional barriers under
RCRA and SARA.
Long-term ground water
monitoring to detect changed
conditions.

Proble:ns
Controlled

No controls
Serves as baseline case.

Reduces volume of on-site
contaminated soil.
Reduction in level of
ground water contamination
as existing plume discharges
to river.

Expected
Result

Current levels of ground water
and Mississippi River contamination
will be maintained until active
source loads are depleted.
Thereafter, contaminant levels
will be reduced.

Reduction in contaminant leaching
to ground water.



·e • TABLE 4-2 (Continued)

SU:1.''1A.RY OF KEY FEATURES OF REt1EDIAL ACTiON ALTERNATIVES

.1
Alternative

Capping of
Area Around
Trench 3
(Alt. A)

In-situ
Vacuum
Extraction
(Alt. D)

1332.10 139:RTA:frid0608TH

Key
Features

Installation of
concrete cap on regraded
area in trench 3.
Fast installation.
Easy to install and expand,
if necessary.
Contaminated soil
remains in place.
Long-term ground water
monitoring to detect changed
conditions.

Innovative technology.
Easy to implement; typical

,site conditions.
Easy to expand, if necessary.
Pilot test may not be needed.
Emissions stack height may be
designed to disperse airborne
contaminants.
Potential reduction in average
VOC concentration to less
than 1 mg/kg within 6 months.
Long-term ground water
monitoring to detect changed
conditions.

Problems
Controlled

Reduces potential for
contaminated leachate
generation.

Reduces volume of on-site
contaminated soil.
Reduces potential for
contaminated leachate
'generation.

Expected
Result

Reduction in level of
ground water contamination
as existing plume dis
charges to river.

Reduction in level of
ground water contamination
as existing plume discharges
to river.



e • TABLE 4-2 (Continued)
SU!'l"lAI{'l Of KEY FEATURES OF' REHElJlAL ACTION ALTERNATIVES

e'

AlternativE:

Ground Water
Pumping,
Treatment, and
Disposal
(Alt. F)

1332.10 139:RTA:frid0608Trl

hey
Features

Uses established component
technologies.
Two extraction wells for
contaminant removal.
Three extraction wells for
gradient control and
contaminant removal.
Counter-current air stripping
treatment.
Disposal to storm sewer
or leaching field.
Discharge permits will
be needed.
Variable pumping rates
if necessary.
Pump test needed for detailed
well design.
Long installation period.

Problems
Controlled

Minimizes off-site
contaminant migration.
Reduces volume of
contaminated ground water.
Potential to reduce
volume of contaminated
soil (with leaching
field disposal).

Expected
Result

Reduction in contaminated
ground water discharged to river.
Reduction in level of
ground water contamination
as contaminated water
is removed.
Unless sources are controlled
or naturally flushed, current
levels of ground water
contamination could return once
system is shut off.





•
This alternative is listed among the detailed alternatives because

of the EPA recommendation to present an off-site disposal alternative.

4.3.3 Alternative A - Capping of Area Around Trench 3

Objective

The objective of this alternative is to minimize the introduction

of precipitation into the soil in the areas with identified residual

soil contamination. This minimizes the amount of water percolating

through contaminated soil layers which results in contaminants leaching

from the soil. Ultimately, this minimizes the amount of continuing

contamination to the groundwater.

Key Features

The only

containment.

technology group

Capping technology

used for this alternative

has been used extensively and

is

is

relatively straightforward. It may be implemented quickly, easily, and

inexpensively. It is also easy to maintain.

The cap extends over an area 1.25 times the estimated contaminated

area, as a factor of safety. Grading extends over an area twice the

size of the contaminated area to avoid infiltration of runoff and runon.

Drainage of surface runoff. into a storm sewer is part of the

recommended design. A storm sewer extension will need to be constructed

and connected to the existing sewer system, approximately 900 feet

away. The outfall for the nearest existing storm sewer is NPDES outfall

20100. Figure 4-1 shows the storm sewer location.
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The permit requirements for this outfall will need to be evaluated

to determine if an additional or amended NPOES pennit may be required.

Additional pemitting requirements may involve outfall sampling not

currently being performed.

The cap may be designed to withstand the loading due to site

traffic or equipment storage. Pennanent structures over the cap may be

infeasible d~e to the potential need to inspect the cap or to remove the

contaminated soil, in the case of potential" policy changes under the

SARA.

Installation Phasing

Phasing for cap installation is as follows:

2. Equipment mobilization.

Site preparation for installation of piping, manholes, and concrete
slab.•

1.

3.

Up-front engineering for cap and piping design.
application, if nece~sary.

Permi t

4. Placement of base course material in shallow excavation in area to
be capped.

5. Placement of concrete slab, including steel reinforcing bars.

6. Installation of gravity drainage piping, and connection to existing
storm sewer system.

7. Grading area around cap to permit drainage away from cap.

8. Demobilization of construction equipment and restoration of site.

The field installation process could be completed within a one-

month period once a contractor is secured, the areal extent of the cap

is agreed upon by all parties, and the permit process and up,..front

•
engineering are completed.
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• Operation and Maintenance

The success of the concrete cap is based upon proper cap

maintenance; The sealing of cracks and patching of spalled concrete

will "minimize the amount of precipitation percolating through the

contaminated soil.

Regular maintenance inspections may be performed by NIROP

personnel. However. semiannual inspections by a qualified engineer are

also recommended.

Ground Water Monitoring

Alternative A addresses only the issue of minimization of

water into the Mississippi River.

contamination will be reduced only by natural flushing of the ground

•
additional ground water contamination. Existing ground water

Monitoring of the ground water is recommended to determine the

progress of natural flushing and to detect continuing contamination from

additional source areas. The monitoring program would be developed in

coordination with the MPCA. the USACE. and the Navy. However. a typical

program might include the following features:

Analysis for selected volatile organic compounds.

Quarterly sampling of approximately IS. wells. representing the
wells with the highest levels of detected contamination. and
background wells.
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Special Considerations

Alternative A does not involve removal, detoxificatioq, or

dest ruction of VOCs detected in the soi 1. Thus, according to the SARA,

the site must be re-evaluated on at least· a five-year basis. The

re-evaluation process may involve a site visit, evaluation of ground

water monitoring data, and a summary report. It may also involve the

•

implementation of an alternative remediation method. It is too early in

the SARA process to determine the impact of this requirement on this

alternative.

precipitation. VI tima tely, this minimizes the amount of continuing

•

contamination to the ground water from the source of contamination that

is being remediated.

The proposed system does not include a granular activated carbon

(GAC) filter for the air emissions. Currently, no HPCA or federal

criteria have been proposed for determining the need for air quality

control at the NIROP site. However, if the criterion of I percent of

the 8-hour threshold limit value (TLV) is used, as it was for the nearby

New Brighton/Arden Hills/St. Anthony site (VSEPA, 1986), a GAC filter

will probably not be required, based on preliminary calculations

performed by RMT.
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Key Features

•

•

1.

2.

Trea tlnent technology. This technology may be implemented
relatively quickly and easily at this site, because of several site
features conducive to this technology. These features include the
following:

The art~al extent of the contaminated soil is estiloated to be
small.

The depth of contamination in the unsaturated zone is typical
for applications of this technology (approximately 20 feet to
the water table).

The soil types identified in this area are well suited for the
vacuum extraction process (sand and silty sand).

The types of contaminants of concern (TCE, PCE, and 1,2-DCE)
have properties favorable for this type of remediation.

The levels of contamination estimated in the contaminated area
are amenable to this technology.

Components of the system. There are essentially four components
required for this system. They are shown on Figure 4-2.
Associated componen~s include the distribution piping and
additional vapor monitoring wells.

Extraction \~ells

Three vapor extraction wells are proposed for this system.
These wells extract air from the unsaturated zone due to the vacuum
crea ted wi thin the wells by the vacuum purap. The numbe r of wells
proposed is based on an assumed radius of influence for each well
of 40 to 50 feet. This radius is typical for a site with soils of
silty sand and sand. Each well will be screened over the depth
range of 5 feet to the water table, at a depth of about 20 feet.

Honitoring Wells

Three additional vapor monitoring wells are proposed to
monitor the effectiveness of the operations and to help calibrate
the system's performance. These wells have the same screen depth
as the extraction wells.

Flow and Sample Controls

Vapor flow will be regulated at each wellhead. This permits
flexibility in adapting the system to changing site conditions if
they develop. Vapor sampling ports will also be provided at each
wellhead.

• 1332.10 139:RTA:frid0608c 4-13



• '•
SOIL

VAPOR FLOW AND AIR
EXTRACTION SAMPLING VACUUM EMISSIONS

I WELLS I CONTROLS I PUMP I STACK I

•

VE 1

VE 2

VE 3'

I -t ATMOSPH ERE

Own. by.: DM

FIGURE 4-2

ALTERNATIVE D:

IN-SITU VACUUM EXTRACTION
PROCESS FLOW DIAGRAM

IlI!!l
'NC

I
IDate: ~2-4-87 I

Pro}. -#. 1332.10



•

•
3.

4.

Vacuum Pum?

A positive displacement vacuum pumtJ is proposed for this
system. The initial design flow rate is estimated at 500 standard
cubic feet per minute (scfm). This includes estimated pumpage of
100 scfm from each well and pumpage of 200 scfm from ambient air
for pump regulation (bleed air).

The pump requires a 440 volt, 3-phase ?ower source. ThiS is
assumed to be provided within the NIROP building. A 400-foot-long
utility trench will be used to route the electrical conduit from
the site to the building.

Air Emissions Stack

An air emissions stack is used to disperse the contaminated
air into the atmosphere. Generally, a higher stack is better able
to disperse contaminants. The emissions stack height fot this
site will be between 15 and 30 feet. The nominal diameter will be
4 inches.

Piping

Approximately 100 feet of p~p~ng will be installed in trenches
to connect the extraction wells to the vacuum pump.

Other Components

The pavement over the site proposed for screening Alternative
D is no longer recommended. The wells are screened at a sufficient
depth that short-circuiting of the extraction process by ambient
air is not considered to be a problem.

Permitting. An air quality permit may be required for the
emissions of VOCs into the atmosphere, depending on the estimated
mass of VOCs to be emitted and the anticipated down-wind
concentrations.

Pilot study. According to a major vendor of this technology, a
pilot study is not considered to be necessary for this site based
on the fairly well-defined physical conditions and relatively small
size.

Installation Phasing

1. Up-front engineering. This includes developing the plans and
specifications, securing an installation contractor, developing the
Health and Safety and Quality Assurance Plans, coordinating the
project with the regulations and the USACE, and permitting.

1332.10 139:RTA:frid0608c•
2. Equipment

drilling
mobilization

of about six
and installation. This includes

borings and extracting soil samples
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3.

chemical analysis. On-site GG analysis and laboratory
compos i tional analysis will establish baseline conditions. Three
extraction and three monitoring wells will be installed ip the
boreholes. The vacuum extraction unit, including the pum!) and
emissions stack, will be set up. The piping and electrical service
will be installed in the appropriate trenches. The wellhead
control systems will be installed. Fencing will be added around
the site to protect against accidental damage to the system and to
provide security.

System startup. During startup, the initial flow rates and
contaminant concentration in the extracted air will be determined.

Each extraction well will be pumped for a period of from 4 to 8
hours. This will serve to develop the wells and to provide data to
calculate the radius of influence and initial conditions.

Operation and Maintenance

The duration of the in-situ vacuum extraction system operation will

depend on the level of soil remediation determined to be requi red for

the site. During the excavation of trench 3, a level of 1 mg/kg total

VOGs was used to determine ~hen no further excavation was needed. This

based on guidance from David Richfield, the MPGA project• level was

manager at the time of the excavation. If this. level is used as the

standard for soil remediation, the operation is expected to continue for

three to nine months, based on round-the-clock operation.

The system will be checked weekly. During these checks, the flow

rates will be adjusted, if necessary, and the vapor concentrations will

be sampled in each well and at the emissions stack, using a portable

GG. A monitoring program is needed to determine the effectiveness of

the vacuum ex~raction system. This program would result from

negotiations among the MPGA, the USAGE, and the Navy. For the purpose

of developing a feasibility study cost estimate, a soil monitoring

program is proposed which includes quarterly soil sampling with three

samples f~om each of three borings (nine samples total). These samples
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moni toring program, a weekly ext raction well and emiss ions moni toring

program is proposed for analysis of the extracted and discharged air.

The data from the air monitoring program and the soil monitoring program

would be reviewed to evaluate system performance. A process completion

criterion could be developed based on results of the air and soil

monitoring.

•
would be analyzed for vac concentr3tions. Along with the soil

•

Site Restoration

Site restoration will include removal of all equipm~nt and fencing

and the sealing off of all wells, if required.

Ground Water Monitoring

The monitoring program discussed for Alternative A, Capping, is

equally appropriate for this alternative, as both address the same

remediation problem.

Special Considerations

If air quality conditions resulting from this system are not

acceptable, a granular activated carbon (GAC) adsorption system may be

added to the end of the process. Howeve r, the preliminary analys is

referenced in the description of the objective, above, and in Table 5-3

indicates GAC may not be necessary.

Additional provisions may be necessary to insulate the system for

cold weather conditions.
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4.3.5 Alternative F ~ Ground Water Pumpout) Treatment) and Disposal

Objective

This alternative addresses the existing and potential future

contamination of the ground water due to NIROP sources. One objective

is to contain contaminant plumes originating from NIROP sources within

or close to the site boundaries. The second objective is to remove

contaminated ground water and to treat the water using air stripping

treatment technology.

This alternative does not address remediation of continuing sources

of ground water contamination such as contaminant residuals leached from

soils.

Layout of the System

The ground water remediation alternative is considerably more

• involved than the residual soil contamination remediation

alternatives. It involves numerous components and processes. The

components and processes offer a wide range of. flexibility to

accommodate uncertainties in the site conditions.

The layout that has been evaluated for this alternative is

system are presented, lab~led Options land 2. Option 1 is located to

minimize the length of the water distribution system and to minimize the

evaluation of the treatment area. Option 2 is presented to evaluate an

alternative disposal system to storm sewer disposal. Option 2 is

located to provide for subsurface disposal of treated water through a

leaching field, in addition to a backup storm sewer disposal system .

•

presented on Figure 4-1.

1332.10 139:RTA:frid0608c

Two locations for the treatment and disposal
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Process Flow

Alternative F consists of essentially the following five component

processes:

Ground water extraction

Distribution to the treatment system

Ground water treatment

Distribution to the disposal point

Disposal

The components of this alternative are presented on Figure 4-3.

Extraction

The ground water extraction system consists of five extraction

wells, flow and sampling controls for each well, submersible ground

water pumps, and local collection tanks and pumps .

The basic features of the proposed extraction wells and pumps are

listed below:

Total Pumping Motor
Depth Rate Horse-

Well (ft) (GP:1) power Purpose

AT-l 50 25 0.75 Contaminant removal

. AT-4 50 50 1 Contaminant removal

AT-2 100 200 5 Hydraulic containment and
contaminant removal

AT-3 100 200 5 Hydraulic containment and
contaminant removal

AT-5 100 200 5 Hydraulic containment and
..------:- contaminant removal

("1 S"J\ll'1'
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The pumps are submersible turbine type, sized to provide sufficient

lift to discharge the ground water into the collection tanks .

The design strategy for the pUr:Jping scheme is summarized later in

this section. The calculations are presented in Appendix C.

.Flow controls and sampling ports are provided for each well. The

£low control devices for wells AT-2, 3, and 5 are in one central

location. This is both operationally convenient and cost effective.

Above-ground collection tanks and pumps are included for short-term

water storage to allow intermittent operation of the well pumps.

Collection tank design features are listed below:

Maximum Tank Associated
Tank Detention Capacity Extraction
Number Time (min) (gallons) Wells

Tl 30 750 AT-l
T2 30 1,500 AT-4
T3 15 10,000 AT-2, AT-3, AT-5

Dist~ib~tion Sy~tem

The two components of the water distribution system are flow from

the wells to the treatment area and flow from the treatment area to the

disposal area. The basic design features of these proposed systems are

presented below for both treatment area locations shown on Figure 4-1.

Line Pipe
Length Diameter Flow

System Option (ft) (in) Type

Flow to Treatment 1 5,190 4 Pressure
Flow to Disposal 1 370 12 Gravity
Flow to Treatment 2 5,720 4 .Pressure
Flow to Disposal 2 980 12 Gravity

The pipeline is assumed to be installed in trenches below the frost

line. The line length to the treatment system may be reduced by 500
,

feet for well AT-2 by eliminating the wellhead collection tanks .
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Disposal for both options includes routing the pipe to an existing storm

sewer manhole. This is necessary as a backup system for Option 2.

Treatment

The treatment· system consists of an air stripping column, air

blower; a pre-treatment system, a collection tank, a sump, and two

pumps. A description ~f the purpose of each component is listed below.

ei

Component

Air Stripper

Air Blower

Pumps

Collection Tank

Pre-treatment System

Sump

Description

Removes VOCs from contaminated water by
volatilization into air flowing past the
water in a column with counter-current
flow.

Delivers ambient air to the stripping
column.

Delivers contaminated ground water to the
top of the air stripping column and from
the bottom sump of the colu~n to disposal
or recirculation.

Provides steady supply of water to the air
.stripping column and pre-treatment syste:u
(if necessary).

Removes dissolved solids to lUn1.ID1.Ze
scaling of air stripping column packing
(if necessary).

Provides storage for treated water from
the air stripping column. Provides a
supply of water for disposal or
recirculation.

For a 700 gpm water flow rate, an air stripping column

configuration has been estimated. This system should operate at a

minimum efficiency of approximately 95 percent. This is based on levels

of contaminants of concern in the range of interest appropriate for the

1332.10 139:RTA:frid0608c•
NIROP • This proposed system uses an efficient tower packing material
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The air stripping column, blower, and

•
called Lanpak (NEPCCO, 1987).

collection tank parameters are listed bel'),., .

Stripping Column Height
Stripping Column Diameter
Air Blower
Collection Tank Capacity
Maximum Detention Time

24 feet
6 feet

3 HP
20,000 gallons

30 minutes

The collection tank may actually consist of 2 parallel units of

10,000 gallons each.

The pre-treatment system serves no direct VOC remedlation

purpose. It may be necessary if the ground water contains high levels

of iron, manganese, or calcium hardness. For this analysis, a system to

remove iron and manganese is assumed. The pre-treatment requirements

may be better defined upon ground water analyses for the parameters of

interest.

The assumed pre-treatment system will include the following

• components: chemical feed pumps, sand filters, feed and back-wash

pumps, clean water tanks, and settling tanks. The treatment area will

not be available for other site uses for the duration of the operation.

Disposal

Two disposal options for treated ground water are proposed.

Option 1 involves disposal to the existing storm sewer system. Option. 2

involves disposal to a leaching field, or to the storm sewer system as a

backup to the leaching field.

The leaching field serves two possible purposes, depending upon

location. At the location of Option 2, it increases the ground water

•
flushing rate through ground water saturated soil. It does so by means
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of the treated water mound fanned on the water table. At this location,

it also permits independent treatment of the contaminated soil area. If

the leaching field is placed over the contaminated soil, it will also

flush contaminated soil at mu6h higher rates than natural percolation of

precipitation.

The capacity and sizing of the leaching field depend upon the

performance of field percolation tests.

The leaching field is chosen to replace the injection wells

proposed in the alternatives screening. It is chosen because it is

easier to maintain ·and more effective at flushing the saturated soil.

The leaching field could be covered to minimize long-term inconvenience

to the site.

Ground Water Extraction System Design

The preliminary design of the ground water extraction system

involves determining the number of extraction wells, their locations,

pumping rates, and screened inte rvals. The choice of loca t ions and

pumping rates for wells AT-2, 3, and 5 was made to .minimize the

likelihood that ground water contaminated from on-site sources would be

flushed into the Mississippi River. The choice of locations and pumping

rates for AT-1 and AT-4 was made to optimize contaminant removal near

known or suspected on-site contaminant sources.

Various analyses were performed to assist in the preliminary design

of the extraction well locations and pumping rates. The analyses are

•
presented in Appendix C.

presented on Figure 4-4.

1332.10 139:RTA:frid0608c

A graphical summa ry of these analyses is
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Figure 4-4 shows the capture zones for all five proposed extr~ction

wells. It also shows'the estimated radii of influence for the three

downgradient extraction wells AT-2, 3, and 5. The capture zones are

shown for pumping at 100 and 200 gallons per minute (gpm) fqr the

downgradient wells, 25 gpm at well AT-I, and 50 gpm for well AT-4. The

radii of influence are shown for a pumping rate of 200 gpm.

The capture zone is the area around and upgradient of a ppmping

well within which ground water will be drawn into that well~ It

accounts both for effects of pumping and natural ground water flow:. The

radius of influence only accounts for the effects of pumping. However,

it also provides an upper limit on the area of influence ,for a well.

The preliminary design of the extraction well system tlust De re-

evaluated following an on-site aquifer pumping test.

Installation Phasing

1. Up-front engineering. Same features as mentioned
Alternative D, with the addition of an aquifer pumping test.

2. Equipment mobilization and installation.

Drill five boreholes and install extraction wells.

Place concrete foundation pad for treatment area.

for

Install distribution piping and electrical conduits in utility
trenches.

Install control boxes, wellhead collection t~nks, and wellhead
pumps.

Install treatment system components.

Construct housing around control boxes and treatment area and .
fencing around treatment area.

Construct leaching field, if necessary.

•
Install submersible pumps .
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3. Syst~m StRrtup.

Develop extraction wells.

Calibrate flow rates and deter:uine efficiency of treatment
systems.

Perform leaching field capacity tests.

Duration of Operation

The duration of operation of this alternative cannot be reasonably

estimated at this time. It depends on the number of pore volumes of

•

ground water that need to be flushed through contaminated saturated soil

until a target level of remediation is achieved.

A preliminary estifnate of the duration for pumping one pore volume

of ground water from beneath the site is about 2.3 years. This is based

on the capture zones shown on Figure 4-4 for pumping wells AT-2, 3, and

5, neglecting pumping wells AT-1 and 4.

For this system, 30 years of operation, or approximately 13 pore

volumes, are assumed. The 30-year time-frame is used because it

•

corresponds with the longest time frame recommended by USEPA (1985e) for

purposes of cost est ilil3ting.

Operation and Maintenance

Operation and maintenance will include the following features:

Pump and well maintenance.

Maintenance of treatment components.

Sampling of air stripping column influent and effluent on a
schedule to be determined. For this analysis, a monthly
schedule is assumed.

Sampling of pre-treatment system influent and effluent.

Maintenance of leaching field (Option 2).
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Maintenance of utility lines and site structures (foundation,
buildings, and fencing) •

Ground Water Monitoring

The monitoring program of Alternative A, Capping, will be followed

due to the long duration estimated .for the remediation .
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5. EVALUATION OF REMEDIAL ACTION ALTERNATIVES

In order to assist in the decision as to which remedial action

alternative or alternatives to implement, each alternative that !)assed

the initial screening is evaluated according to five criteria. The

criteria include cost and the four non-cost criteria listed below:

Technical feasibility

Environmental impacts

Institutional requirements

Public health concerns

The results of the cost analysis and the evaluations for the non

cost criteria are summarized in this section.

5.1 Non-Cost Criteria Analysis

The non-cost criteria evaluations are based on information

• summarized in Sections 2 and 4 of this report. Section 2 is, in

general, a summary of the data obtained for the remedial

investigation. Section 4 is the description of the remedial action

alternatives remaining after the initial screening.

Perfonming the non-cost criteria evaluations involves considerable

uncertainty at this time. The greatest uncertainty has to do with the

location and size of the potential contaminant sources. Several poten

tial contaminant sources are described in Section 2. However, only one

source, trench 3, is defined with any degree of certainty. In addition,

Section 2 lists several potential off-site

Study is intended to address only known

sources. This Feasibility

or potential rel~ases of

•
hazardous substances originating from the NIROP facility as identified

in the RI Report (RMT, 1987d) .
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The non-cos t and cos t analyses requi re info rma tion conce rning how

long thr:! remediation '..ill operate and what exposures to haza rdous

substances may occur . during or following remedi.ati.on. Proper

identification of sources of contamination and the quantities of

hazardous substances released by these sources are necessary to develop

this information.

There is also uncertainty regarding other aspects of the problem

such as the extent of the contaminant plume in the ground water and

aspects of the site and its regional hydrogeology.

affect the accuracy of ~he evaluations.

Because of the uncertainty concerning key parameters of the

problem) the assumptions used in the evaluations must be re-evaluated

based on new data collected during additional investigations .

5.1.1 Technical Feasibility

The technical feasibility of an alternative consists of five

general considerations:

timing) and safety.

pe rformance) reliability) cons tructabili ty)

A summary of how each remedial alternative

addresses these considerations is presented in Table 5-1.

The most important conclusion from this evaluation is that rrone of

the alternatives has any major technical feasibility limitations. The

technologies required are generally commercially available and easy to

install.

While not major limitations to technical feasibility) permitting

and developing planning documents will increase the time to implement

•
each of the alternatives .
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Remedial Alt~rn(jtive

A. Capping

D. In-Situ Vacuum Extraction

F. Ground Water Pumpout t

Treatment, and Disposal

Efiectiveness

Regular inspections

Quarterly soil
sampling until
completed
Weekly air e~issions

monitoring
Observation of
downgradient wells

•TAHLF.: 5-1

SU~1AKY UF TI":Crl~IC~L FEASIHILlTY E\'~LUATlU~

PEI{FOK!1A;~CE

Useful Life

Repave as needed based on
inspectiuns

Remediation likely
to be completed within
one year

Based on vendor estimates of
lifetime:

Op~ration a~d

Maint~nance Requirements

Regular semiannllal
inspections

None needed

For entire system
Operation:

RELl~HILITY

•
·Possible failure ~odes

Spalling or cracking due
to weatl1er or traffic; easily
r~paired

Insufficient flow through soil
Equipment failure

Fl-Pumpollt

F2-Treatment

F3-Disposal

1332.10 13Y:~TA:frid06uST5

Flow metering
Quarterly ground
water contour maps
Ground water quality
monitoring

Influent and effluent
concentration measure
ments (performance
standard)

Compliance monitoring
f0r ap?ropriate permit

Pumps:
:-1otors:
Controls:

Air Stripper:
Blower:

Stor:n sewer:
Leach field:

10 years
10 years

5 yea rs

20 years
20 )"ea rs

indefinite
approx. lj years

~onitor flow rates
throughout syste~

!oloni tor VOC
concentrations at
treat~ent inflow,
outflow points
~onitor effluent air
quality at air stripper

Maintenance:

Pumps and wells
Treatment components
Leaching field
Utility lines and
remediation structures

Failure to yeild adequate ground
water flow
Pump, motor failure
Aquifer pumping test will
minimize possible failure modes

Blockage of air stripper flow
Insufficiently sized air stripper

Low ?er:olation rate for leaching
field
Clogging of bed for leaching
field
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TAB I.E 5-1 (CONT'D)

SUMMARY OF TECHNICAL FEASIBILITY EVALUATION

•
Conditions

External to Site
Remedial
Alternative Site Conditioris

CONSTRUCTABILITY TIME

To Implement
To See

Desi red Results

SAFETY CONSIDERATIONS

Worker Health
and Safety

Neighboring
Fad Ii ties and

Communities

A. Capping

D. In-Situ Vacuum
Extraction

F. Ground Water
Pumpout.
Treatment, and
Disposal

Other concrete
pads and pavement
have been
successfully
constructed on
sIte
Utilities &
obstructions in
path of trench
excavation

Apparently
sufficient working
area
Requires
electrLcal service
UtLlitLes &
obstructions in
path of electrical
conduit trench
excavation

Explosion-proof
pump controls
required
Public land
easement for wells
AT-3 and 5
Space available
for treatment
equipment psd
Requires
electrical service
Obstacles in psth
of trenches for
electrical conduit
'and ,,!Bter

distribution
system: railroad
tracks and
existing utilities

None foreseen

Air emissions
requirements may
result in
sddLtional
required trestment

L 1/2 month
current pump
delivery time
3-month air
stripper delivery
time
Possible air
stripper air
emiss ions
requirements
Discharge
permitting
requirements

Minimal
Storm sewer hook
up permit
application time

Mobilization and
installation time
is on the order of
2 months
PlIot study
generally not
needed
Air emissions
permit applLcation
(if necessary)
QA/QC planning
document
preparation

Initial pump test
required
Up-front
engineering time
approximately 3-6
months
Unknown time
required to obtaLn
discharge permit
QA/QC planning
document
preparation and
approval
Project
coordLnatLon with
regulators and
USACF.
DelLvery time for
equipment (order
of months)

For Alternatives A
and D:

Immediate
reduct ion in
leachate
generatLon
Reduction in
exposure point
contamination,
dependent on
natural ground
water flushing
time (order of
years). and
potential for
additional sources
of contamination

Immediate
reduction in off
site contaminant
migration
Long-term
reduction In 00

site well
concentratlons
depends on soil/
ground water
equilibrium (on
order of 20-30
years)
Downgradient well
contaminant
reduction will
require natural
flushing of exist
ing contamination
into river

For Alternatives
A, 0, and F:

Follow USACE and
USEPA guidance
documents
Develop and
implement health
and safety plans

For Alternatives D
and F:

Treatment system
emissions
monitoring
Boring cuttings
disposal

For Alternative F:

Explosion proof
controls

None foreseen

Air emissions:
- short duration

(less than
one year)

ambtent six
monitoring
evaluate
worst-case by
computer model

Air emissions:
- long duration
- ambient air

monitoring
- evaluate

worst-case by
compu te r mode 1
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Al t e ('na t i v e s' A and F.

Alternative D.

An ai(' quality pe(':nit may be ('equired for

5.1.2. Environmental Evaluation

The objective of the environmental evaluation is to assess the

potentially adve rse envi ('onmental impacts that may result from

implementation of the remedial action alternatives. Evaluation of the

no-action alternative provides the baseline by which the other

alternatives may be evaluated.

Key Locations

Adve rse impacts are evaluated at locations of potential

health concern are addressed in Section 5.1.4 .

Several potential receptors are presented in Table 2-1. The major•
environmental or public health concern. Potential locations of public

receptors involve potential public health concerns. Howeve r , some of

the receptors include potential industrial wells. The alternatives aie

evaluated as to whether they will allow the use of these wells,

including the continued or renewed use of on-site wells FMC-1

through FHC-:-3.

The nearest potential environmentally sensitive receptor to the

NIROP is the !1ississippi River. In addition to providing drinking water

for the Minneapolis area, it is identified as a source of recreation,

such as fishing.

Nearby locations of concern for public welfare include the Anoka

County Park and nearby commercial buildings. The park is located about

400 feet frolll the westem NIROP property line; and the nearest
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•
commercial building, a printing company, is located about 100 feet from

the northern NIROP property line .

Several types of environmentally sensitive receptors that are

typically considered in environmental evaluations are not present in the

NIRO~ vicinity. Based on an MPCA submittal to the USEPA dated

•

February 11, 1986 (MPCA, 1986), the types of environmentally sensitive

areas that are not pertinent to the NIROP are fresh water wetlands,

critical habitats, endangered species, and national wildlife refuges.

Key Issues

. The two potentially adverse impacts that are identified as most

important for several of the remedial alternatives are the potential for

air quality degradation and continued ground water degradation. Both of

these impacts are also potentially public health impacts. The public

health aspects are discussed in Section 5.1.4 .

The most important non-public health concern regarding air quality

involves the potential for long-term odor problems due to emitted

VOCs. The potential for this impact is addressed for each applicable

remedial alternative.

Continued ground water degradation has the potential for several

non-public adverse health impacts. Degradation may limit the use of the

aquifer for industrial purposes. Contaminated ground wa ter discharges

to the river may impact aquatic life and vegetation.

The relative potential impact for each of the alternatives is

discussed below .
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No-Action Alternative

The primary potential adverse impacts for the no-action alternative

relate to continued ground water degradation for' at least the source

area identified in trench 3.

The existing discharge of contaminated ground water to the

Mississippi River has had no reported adverse impacts, other than the

"potential public health impacts discussed in Section 5.1.4. In

particular, there have been no reports of vegetative stress or any

problems with other aquatic life, (RMT, 1987d).

Currently, no detectable air quality degradation is associated with

the previous remediation site at the NIROP (the pit and trench disposal

area).

Alternative A - C~~ping

Continued ground water degradation would be reduced due to the• minimiza tion of leachate generation. Continued contamination of the

Mississippi River would gradually decrease as the existing ground water

contamination flushes out of the aquifer.

No other potential adverse impacts are associated with this

alternative, as it consists of ordinary site construction activity.

Alternative D- In-Situ Vacuum Ext"ta"ctlon

Air quality degradation may result in adverse impacts over the

estimated 9-month operation period. Aside from the public health issue,

degradation might result in odor problems at the NIROP and the

commercial facilities located a few hundred feet from the proposed

•
treatment area.
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Ground water impacts are similar to those discussed for the capping 

alternative. 

No other significant adverse impacts are anticipated. Construction 

disturbance will not be significant. 

Alternative Bl - Excavation and Off-Site Disposal 

No off-site impacts are anticipated other than the ground water 

impacts discussed for capping and the additional trucking acti vi ty. 

This assumes that soil handling will include the proper health and 

safety precautions for handling contaminated soil. 

Alt. F - Ground i~ater Pumping,· Treatment, and Disposal 

Air quality degradation may result in adverse impacts over the 

anticipated long-term duration of this alternative. The non-public 

health impact concerns the potential odor problems at nearby commercial 

facilities. Since the air emission will have lower VOC concentrations 

with this alternative than with Alternative D, the potential impact will 

be less. However, the estimated operation duration is much longer than 

for Alternative D. 

Continued off-site ground water degradation is not expected to be 

an adverse impact for Alternative F because of the ground water 

containment provided by pumpout wells. 

Construction disturbance for this alternative will be more 

significant than for the other alternatives. Activity spans much of the 

site, with thousands of feet of anticipated trench excavation and 

additional construction of foundation pads and structures. 
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5.1.3 Institutional Requirements 

Institutional requirements are based on the CERCLA requirement that 

remedial actions comply with Applicable or Relevant and Appropriate 

Requirements (ARARs) of the state or federal governments (USEPA, 

1987c). CERCLA requirements would officially apply to this site only 

upon placement of the site on the National Priorities List (NPL) and the 

designation of this site as a federal Superfund site. The site is 

presently subject to other federal and state regulations, such as RCRA 

regulations. 

Institutional requirements under CERCLA include ARARs as well as 

chemical-specific advisory levels such as Carcinogenic Potency Factors 

or Reference Doses. 

Two types of A.~ARs which are pertinent to the NIROP are listed 

below: 

Ambient or chemical-specific requirements which set health or 
risk-based concentration limits for specific contaminants 
(USEPA, 1987c). 

Performance, d~sign, or other action-specific 
which set restrictions on activities related 
waste management (USEPA, 1987c). 

requirements 
to hazardous 

Location-specific requirements such as wetlands protection, 

cri tical habitats, endangered species, and wildlife refuges are not 

pertinent to the NIROP. Based on an MPCA submittal to the USEPA dated 

February 11, 1986, these environmentally sensitive areas are not present 

in the vicinity of the NIROP. 

Table 2-9 lists several ambient requirements for water that are 

divided according to whether they are ARARs or to be cons idered as 

criteria. The corresponding standards are listed for the NIROP 

constituents of concern. The identified constituents of concern are 

TCE, PCE, I,Z-DCE, and benzene. 
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Table 5-2 is a summary of the federal and state requirements that 

may impact the choice of remedial action at the NIROP. The requirements 

are listed for each proposed alternative and the no-action alternative. 

The requirements are listed according to whether they are chemical- or 

action-specific and according to the media of concern. Air is a medium 

that is added to the list of potential contaminant pathways due to the 

consideration of air stripping and vacuum extraction treat;nent 

technologies. 

5.1.4 Public Health Evaluation 

Objective 

The public health evaluation is performed according to USEPA 

guidelines to ensure adequate protection of public health, welfare, and 

the environment (USEPA, 1985c). 

In a public health evaluation, public health protection is 

evaluated for the following conditions: 

In the absence of a response action (no-action alternative) 

During remediation 

After remediation completion 

Evaluation of the No-Action Alternative 

An evaluation of the no-action alternative was presented in the 

Interim Remedial Investigation/Feasibility Study Report (RMT, 1987b). 

This evaluation was performed to evaluate the threat to public health in 

the absence of a response action. The evaluation consisted of the 

following three tasks: 

A baseline site evaluation which essentially summarized 
available data . 
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Remedial Alternative 

A. Capping 

D. In-Situ Vacuum 
Extraction 

F. Ground Water 
Pumpout, Treatment, 
and Disposal 

No-Action Alternative 
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TABLE 5-2 

SUMMARY OF INSTITUTIONAL REQUIREMENTS UNDER CERCLA 

Ambient or Chemical-Specific Requirements 

Soil: Non-promulgated Minnesota guidance (unwritten) 

Soil: 

Air: 

Water: 

Air: 

Total VOCs less than 1 mg/kg in soil sample from beneath 
excavation to allow backfilling with clean fIll. 

May also apply to residual soil concentrations below cap. 

Ground water ARARs may apply to leachate extracted from soil 
sample or a soil concentration standard may be calculated 
based on a correlation with an acceptable leachate 
concentration. 

Same 9S for Alternative A. 

No National Ambient Air Quality Standards (NAAQS) are 
established for constituents of concern. 

MCL is the·ARAR for benzene and TCE (see Table 2-9). 

MCLG is proposed for l,2-DCE and PCE. Thus, it is only a 
non-promulgated advisory. 

Same as for Alternative D, except anticipated duration of 
Alternative F is long-term. 

Water: Must demonstrate compliance with ARARs, pr~posed ,RARS, and/or 
risk-based advisory levels in range of 10- - 10- risk. 

Soil: Same as for Alternative A. 

Soil: 

Soil: 

Air: 

Water: . 

Soil: 

Air: 

Soil: 

• 
Performance, Design, or Action-Specific Requirements 

RCRA closure design specifications may be relevant and 
appropriate: 

This may result in a substantially modified design and 
increase in cost. 
Allor part of RCRA closure requirements may apply. 

No percent or numerical cleanup standard is set by the state 
for contaminated soils. 

5-year review process under SARA and emphasis on permanent 
remedial measures discourage this alternative. 

Same as for Alternative At except SARA procegs favorH this 
alternative. 

Non-promulgated Minnesota guidance (unwritten) 

1/2 to 1 ton per year VOCs requires permit application. 
1 to 25 tons per year VOCs may require a carhon adsorption 
unit after extraction. 

Storm sewer discharge will require modification of the 
current NPDES permit. Permit may include quantitative 
standards for specified VOCs. 

Sanitary sewer discharge requires negotiated agreement with 
Metropolitan Waste Control Commission. Performance standards 
may be required for air stripper. 

Leaching field disposal will require State Disposal System 
(50S) permit. Permit is part of compliance wlth Minnesota 
non-degradatlon of ground water pollcy. Quantitative 
performance standards may result. 

Same as for Alternative D. 

Same as for Alternative D. 

RCRA closure requirements may necessitate action on 
contaminated soil. 
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An exposure assessment which is an assessment of the extent 
and Juration of human exposure to the hazardous substances 
that have migrated froID the NIROP to the identified exposure 
points. 

A standards analysis which is a comparison between the levels 
of contaminants at exposure points and the levels of 
contamination that are considered an acceptable risk, ~uch as 
ARARs (see Section 5.1.3). This analysis included a 
calculat ion of risk USi:1g available toxicological pa rame ters. 

An outline of the objectives, methodology, and assumptions of the 

evaluation of the no-action alternative is presented in Appendix E. 

For baseline evaluation, the 33 on-site and off-site monitoring 

wells installed by the USACE and well FMC-33 are designated as located 

in defined evaluation areas. The evaluation areas are shown on 

Figure 2-7. The list of wells in each evaluation area is presented in 

Appendix E. The evaluation areas are as follows: 

Background upgradient 

On-site sourte areas 

Downgradient at property line 

Downgradient off-site 

Estimates of risk for carcinogenic chemicals and ratios of 

estimated human intake to established accepta-Dle intake levels for non-

carcinogens were calculated for each evaluation area following USEPA 

procedures (USEPA, 1985b). Results for non-carcinogens are presented in 

Appendix E. Results for carcinogens are presented on Figures 5-1 and 

5-2 for several carcinogens identified in the NIROP vicinity and TCE, 

respectively. 
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Estimates are also made for carcinogenic and non-carcinogenic risk 

• at the Minneapolis water supply intake, a surface water receptor. These 

estimates are based on assumptions of 10 and 100 percent diLution of 

ground water in the Mississippi River. 

The carcinogenic risk at the Minneapolis water supply intake, the 

only identified existing exposure point, is estimated to be in the 

f bl ' k 10-4 to 10-7 target range or accepta e rlS , excess cancer deaths, 

based on the assumed levels of dilution of ground water discharging into 

the Mississippi River. 

Revision to the No-Action Alternative Evaluation 

The MPCA commented that benzene may be a contaminant of concern at 

the NIROP because it is a known carcinogen (MPCA, 1987). The 

carcinogens TCE, PCE, and benzene were re-evaluated as to their relative 

• potential health risk in ground or surface water. The re-evaluation 

indicated that beYlzene is one order of magnitude below PCE and two 

orders of magnitude below TCE as an indicator of carcinogenic risk due 

to potential exposure. The re-evaluation accounted for contaminant 

concentrations measured in wells on-site and at the property line, and a 

carcinogenic potency factor. The concentration data used in the 

computations were from analyses of ground water samples collected in 

November 1986. The computations followed USEPA methodology (USEPA, 

1985b), and are presented in Appendix E as worksheets 3-1 through 3-3. 

The relative concentrations of benzene, TCE, PCE, and 1,2-DCE for 

all NIROP sample rounds support the November 1986 data, which indicate 

that benzene concentrations are at least one order of magnitude less 

significant than PCE and 1,2-DCE at on-site and property line wells. 

• The summary of average concentrations is also presented in Appendix E. 
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Risk Level at the Minneapolis Water Supply Intake 

For the risk evaluations presented in this repo rt, the 

concentration of TC~ in the Mississippi River estimated to be 

contributed by the NIROP at the point of NIROP ground water discharge to 

the rIver was based on a very conservative flow rate estimate for the 

l1ississippi River. 

1,160 cfs was used. 

The 5-year frequency, one-day 10'.J flow value of 

However, the risk-based standard applied by the 

lJSEPA is based on average (representative) contaminant concentrations 

over a 70-year lifetime. 

If the average annual flow of the river is used (7,600 cfs), with 

other parameters held the same, the incremental TCE concentration in the 

i1ississippi due to NIROP sources estimated for the risk assessment is 

reduced to 0.003 mg/l for the 10 percent river dilution assumption, 

which is an order of magnitude lower than the concentration using the 5-

year one-day low flow. The risk value corresponding to a TCE 

concentration of 0.003 mg/l is about 10-6 excess cancer deaths, as shown 

on Figure 5-2. 

The lower estimated TCE concentration (0.003 mg/l) is also in the 

same range as the actual TCE concentrations measured at the water supply 

intake in November and December, 1983 (see Table 2-6). 

Summary of Public Health Evaluation for All Alternatives 

Table 5-3 summarizes the essential information regarding the public 

health benefits and costs for each alternative. Source control 

alternatives A, D, and B1 are separated from management of migration 

Alternative F. Alternative Bl is included as the off-site disposal 

alternative required for this analysis (USEPA, 1985c). However, it was 

eliminated during the screening process. 

1332.10 139:RTA:frid0603c 5-16 



• 
Techrologies 
Used to 
Mlnlmize 

Reuroial Potential 
Alternative Exposures 

SIJJR(E axm«JL: 

A Cap 

D In-5itu 
VaCUlIln 
Extraction 

~1 F"'cavate and 
Off-5ite : ... 
Disposal 

MIGMTIUl 11ANill»lENr: 

F Punpout and 
Alr Strip 
(Leaching 
Field 
Disposal -
Option 2) 

No Action None 

1EUlNICAL ISSUES 
O1aniCRI Chemical 
Releases Releases Not 
Mlnimized M1nlmized by 
by Renclial Reredial 
Action Action 

leachate Contalni-
f ron soll Mted 
in trench 3 ground ""ter 

Smne as for Same as for 
Alterna- Alternative 
tive A A 

&nne as for Same as for 
Alternative Alternative 
A A 

Contami- leachate 
nated fran soil 
ground in trench 3 
water 

None All 

1332.10 l39:RTA:frid0608T5 

Tine Until Chemical 
Concentrations are 
Reduced at Receptor 
locations 

Deter:m1ned by mtural flushing 
of existing gromrl Imter 
contamimt ion (est !nnte is 
within 5 years at downgradient 
off .. <lite area) 

Same as for AlternatIve A 

Same as for Alternative A 

Less than 1 year; 
dCh1l1gradient phone IIllSt be 
flushed to river first 

Several years 00sed on mtura! 
aquifer flushing and flushing 
of contaminat ion sources by 
recharge 

• 
TABlE 5-3 

St»IARY CF PUBLIC HFALTI! EVAUJATICN 

EJ(ro;URE ISSUES 

Anticipated Exposure 

0J.r1ng Rerediation 

Contamimted ground W'lter and 
surface ..,ter downgmdient 

Contmnimted air enissions, 
ground water and downgradient 
surface ..,ter and contamimted 
soil during drilling 

Contaminated soil, ground 
water, and downgradient 
surface .... ter and contaminated 
soil during drilling 

Contaminated air enissions, 
ground water, and downgradient 
surface W'lter 

Possibly contaminated soil 
during leaching field 
excavation (Option 2) 

All current exposures 

Following Ranediat ion 

None after mtural flushIng is 
complete, providcrl no otl"r 
soorces are crH3ite 

Same as for Alternative A 

Same as for Alternative A 

Contalni nated plume is expected 
to cant itlt.E: unless 
contamimtion source is cut 
off 

All current exposures 

ARAR Standards Achieved 

None achieved by ronediation, 
otlly by Mtural fltLshing. 
Several years will be reqllired 
to flush residual 
contamination fran saturated 
soils 

Same as for Alternative A 

Same as for Alternative A 

All ARAR standards are 
anticipated to be net if all 
contamination sources are cut 
off 

None except after natural 
flushing 

• 
Non--ARAR Standards 

Achieved/Not Achieved 

Not applicable 

1 percent of Threshold Limit 
Value (TLV) wiil not be 
exceeded for = rosed on 
worst-(,B'''' air qll811ty 
nodellng 

Soll with VOC concentration 
greater than 1 11l:/kg would be 
r<m:>Ved 

Sane sumdRrds are restricted 
by techrology limits 

Not applIcable 
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Evaluation of Alternative F 

Alternative F was evaluated to determine what combinations of 

pu;nping rates would result in d6wngradient concentrations of TCE that 

either attain or exceed ARARs or r~duce the likelihood of contamination. 

The analysis performed for this evaluation indicates that there is 

a significant difference between pumping all proposed downgradient wells 

at 200 gpm and pumping only one well at 200 gpm and the other two at 100 

gpm. The case with the higher pumping rates captures all the ground 

water which passes under the site. The lower pumping rate results in an 

estimated average TeE concentration downgradient of the site of 0.185 

mg/I. This concentration level is slightly within the upper limit of 

the target range for allowable cancer risk set by the USEPA. the 10-4 

risk level. The results for these pumping rates are listed in Table 

5-4 • 

The calculations are presented in Appendix E. The extraction well 

capture zones are shown on Figure 4-4. 

5.2 Cost Analysis 

A cost analysiS has been prepared for Alternatives A, D. and F. 

The analysis consists of an estimation of costs for each alternative and 

an evaluation of present worth. Sensitivity with regard to the interest 

rate has also been evaluated. 

The results of the analysis are presented in Table 5-5. The 

capital and O&M cost estimates are considerably higher than those 

estimated for the alternatives screening listed in Table 3-6. This is 

due to the following factors: 
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Ground Water 
Pumping Rate 

Options 

TABLE 5-4 
£STIMATEO AVERAGt<: TCE CONCENTRATION 

OOl.JNGRADIENT OF SIT~: 

Estimated 
Average TCE 
Concentration 
Downgradient of 
Site (mg/l) 

No-Action Alternative 1.85 

AT-2: 200 GPM 
AT-3: 200 CPM 
AT-5: 200 CPM 

AT-2: 100 GPM 
AT-3: 100 CPM 
AT-5: 200 GPM 

AT-2: 50 GPM 
AT-3; 50 CPt{ 
AT-5: 200 GPM 
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0.185 

0.421 

5-19 

Comparison to 
Risk-Based 

Standard 

i1uch higher than 
standard 

Exceeds standard 

Marginally attains 
acceptable level 

Higher than 
standard, but 
reduces likelihood 
of contamination 
at downgradient 
exposure points 
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TABLE 5-5 

PRt:SENT \.lORTH COST SUMl1ARY OF 
DETAILED FEASIBILITY STUDY ALTERNA'fIVt~S 

COSTS ($1,0008) 
0 & M TOTAL 

Excluding Excluding Including 
ALTERNATIVE Capital Honitoring l1onitoring Honitoring 

A Capping 137 38 175 797 

D In-Situ Vacuum 656 0 656 1,278 
Extraction 

F Pump, Treat, and 1,597 2,953 4,550 5,172 
Dispose of Ground 
Water (Option 1) 

Pump, Treat, and 1,639 3,008 4,647 5,269 
Dispose of Ground 
Water (Option 2) 

L~A4-l ~~\....-:> 
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The estimated area of contamination is over 50 percent larger 
than the previously estimated area, affecting Alternatives A 
And D. 

Additional costs are added for water discharge and air 
emissions permitting, based on a review of MPCA requirements. 

Health and safety costs were increased to reflect updated 
estimates for planning document preparation. 

For Alternative A, the estimate for engineering was made 
independent of the capital cost subtotal due to the small area 
for the cap. 

Aside from the factors listed above, the cost estimates were 

revised primarily because of the more refined design used at the 

detailed alternatives evaluation level and because vendor estimates were 

obtained for key system components. Vendor estimates were obtained for 

the pumping and treatment components of Alternative F and for the vacuum 

extraction system of Alternative D. The more refined designs are 

discussed in Section 4. 

The cost estimates are based on the information available in the 

June 1987 Remedial Investigation Report and the additional information 

presented in Section 2. Estimates may again change based on revised 

information from the next phase of field investigations. 

The cost estimates do not account for potential site conditions 

that may be associated with construction around the railroad tracks or 

the large amount of above- and below-grade site utilities. 

However, the cost revisions have not altered the relative cost of 

alternative source remediations, nor have they altered the relative cost 

of ground water remediation with respect to the source control 

remediation alternatives. Capping is still the least expensive 

alternative, followed by vacuum extraction and pumping and treatment. 

The cost of the no-action alternative is reflected in the cost of ground 
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water monitoring. This present worth cost is estimated to be $622,000 

for 30 years of monitoring. Thirty ye.qrs is the maximum monitoring 

duration recommended by the USEPA. 

The cost difference for Alternative F with ·or without subsurface 

disposal of treated ground water is minor, less than 5 percent of either 

capital or O&M costs. Thus, the choice between use of subsurface 

disposal or discharge to the storm sewer system should be based on non

cost criteria. 

The cost estimated for Alternative A, capping, would significantly 

increase if RCRA standards were to be applied to the cap design. It is 

probable that the cost would exceed the vacuum extraction cost, if a 

RCRA cap were required. 

Sensitivity Analysis 

A sensitivity analysis for the interest rate was performed. For 

each alternative, there is a present worth of annuity factor, piA. This 

factor depends on the interest rate and the duration of the 

remediation. For a 30-year remediation, the present worth of annual 

costs is calculated by multiplying this factor by the annual cost for 

O&H with and without monitoring. The base case assumes a 10 percent 

interest rate. The present worth of annual costs would be increased by 

31 percent for a 7 percent interest rate, and by 83 percent for a 4 

percent interest rate. 

The results of the sensitivity analysis do not significantly impact 

the relative costs of each alternative. For the 4 percent interes t 

rate, the total cost of Alternative A excluding monitoring is $191,000, 

which is still considerably less than the total non-monitoring cost for 

Alternative D. 
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6. SUMMARY OF ALTERNATIVES 

TtNo source control alternatives i.lnd one migration management 

alternative have been evaluated as potential remedial .qlternatives for 

the NIROP. A summary of· the evaluations discussed in Section 5 is 

presented in Table 6-1. Generally. the issue is whether source control 

is sufficient or whether the costlier ground water remediation is 

required. The issue revolves around the potential public health threat 

at the Minneapolis water supply intake and to the local ground water 

resources. 

Unfortunately, the public health concerns at the above exposure 

points due to the ~IROP are open to question. Data presented in 

Section 2 indicate several potential off-site sources of contamination 

in the Mississippi River. The estimated level of contamination in the 

river and the associated risk are also based on assumptions supported by 

limited data. 

In addition, although off-site contamination due to NIROP sources 

is reasonably well supported by the data, the potential use of the dOwn

gradient aquifer is open to question, as discussed in Section 3. 

These issues bear upon the question of how much remediation is 

necessary. Source control and migration management alternatives address 

essentially separate components of the problem. Source control alterna

tives minimize continued contamination of the aquifer, provided that 

trench 3 is the only significant on-site source. The pumping alterna-

tive minimizes further off-site ground water contamination. However, 

the pumping duration is indefinite if the source is not also controlled • 
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A1t.,~:-antive 

N:J Action 

Source Control 

A - Capping of 
Contaminated 
Area 

D - In-Situ 
Vacu~ 

E>..'traction 

fBnagenent 
of :1igra~ion 

F - Pum;>oot, 
Treat...a=nt, 
and iJisposal 

0''>5t (51,L00,) 
?r~ent 

Capital worth(!) 

~,;.-\ .t-rl 

137 175 

660 660 

1 ,&:Xl 4,608 

(l) · ... li:.oout m:'litorLIg 
~ = ~~ot ~;Ppli(:.sb l2 
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trench 3 will be minimized 

Sa!Ie as Al:" A, except 
potential air quality 
,""gradation 

For both disposal options: 
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of contaminant plrne in 
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Contifl.U8:i conta.'U:i.natioo 
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?oten;:ial air quality 
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Concerns 
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for several years 
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mly as a b.:lselir.:: case, 
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R::RA issues ...,..tid mt 
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~re site disturbance ~i1t technologies are 'w.ell- Rerediation tray h; s.."ifter 
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ground ""'ter ""un.:! 

Minimizes downgraiient 
degradation rapidly 

PotentLli a ...... "posure to 
contamination during 
leaching field excavation 
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Based on the calculations presented in Appendix E regarding leachate 

generation, the natural flushing of TCE from trench 3 into the ground 

water may persist at the solubility limit of 1,000 mg/l for 

approximately 30 years. With such an on-going source, ground water 

pumping would be needed for at least the 30-year period of TCE flushing 

to contain contamination within the NIROP property. 

A combination of alternatives is a viable option, where pumping is 

combined with one of the source control alternatives. The increased 

cost due to source control may be partly offset by the potential for 

more rapid cleanup. 

Regarding source control alternatives, capping remains the more 

cost-effective alternative, while vacuum extraction is more in the 

spirit of the SARA, emphasizing contaminant removal from the soil. 

Capping would lose its cost advantage if RC~~ requirements were applied. 

If the pumping alternative was implemented, the highest of the 

evaluated pumping rates appears to be justified. The public health 

analysis indicated that the excess cancer risk at potential exposure 

points increases rapidly whenever the contaminant plume is not fully 

contained by puoping. At the same time, incremental costs for larger 

pumping wells and larger pumps do not appear to be significant. 

Treatment costs are based on the largest pumping rate in any case to 

incorporate uncertainties in the absence of a pilot test and to allow 

for capacity expansion. 

Based on Appendix C calculations, the largest of the proposed 

remediation schemes, using three downgradient wells pumping at 200 GPM 

each, will pump ~ pore volume of the aquifer bounded by the capture 

zone of the wells in no less than two years. One pore volume at this 
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rate of pumping affects 12 million cubic yards of soil. Two years is a 

minimum likely duration, based on the assulOption of a very permea'Jle 

aquifer. 

An estimate of the recommended duration of ground water pumping 

would be based on the acceptable level of VOCs in the ground water and 

the time needed to desorb VOCs from the saturated soil in the aquifer. 

Without site-specific bench- or pilot-scale studies, little information 

is available to reasonably evaluate the number of pore volumes needed to 

reduce vac levels in the ground water to acceptable levels. If it is 

assumed that 10 to 15 pore volumes are needed to effectively reduce the 

level of VOCs in the ground water, excluding the effects of an on-going 

source, ground water pumping will be needed for the entire 30-year life 

cycle cost of the remediation. 

On the basis of a 30-year life cycle cost, no addi tional cos t 

savings would be realized due to providing source control with pumping 

since the same pumping rates and associated costs are anticipated. 

A present value cost comparison for pumping with and without source 

control may be developed, if it is assumed that source control will 

reduce the pumping time. The cost reductions are due ,to the savings in 

ope ration, maintenance, and moni toring costs. If source control by 

vacuum extraction is assumed, the following cost comparison may be made 

for various assumed pumping durations: 

1332.10 139:RTA:£rid0608c 6-4 
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PRESrNf VALLJF.: ($1,000 'S) 

ASSlBred Total Present Value ----
funpiJ15 Pump, Treat, an:! DisjX>se Vacuun Grwnd l.Jith Witluut 
D-JC3tion (Option 1) Extraction Water Vacuum Vacuun 
(years) Capital 0&11 Total Total tv'lOnitodrg Extraction Extraction 

10 1,600 2,000 3,60J 700 400 4,700 4,000 

20 1,600 2,7CYJ 4,300 700 600 5,600 4,900 

30 1,600 3,000 4,600 700 600 5,~ 5,200 

Assumptions: 
1. Constant anrual 0 & M cost at$319,000/year. 
2. Constant annual m::mitorirg costs at $66,OOO/year. 
3. l'bnitorirg ems in the year that operation ems. 
4. Present vallE costs are rourrled to nearest $100,000. 
5. The vacuum extraction capital arrl 0 & M costs are for an assJIeCi operatirg dUration of 

nine Iil)nths. 
6. Present value interest rate is ass..tnEd to be 10 percent. 
7. Costs are obtaina:l fron Appemix D. 

An equivalent cost comparison L'laY be made for the capping source 

control alternative (Alternative A) by substituting the present value of 

source capping for the present value of vacuum extraction. A cost 

comparison for the capping source control alternative is as follows: 

PRESENT VALUE ($l,OOOs) 

Assumed 
Pumping Pump, Treat, Ground Total Present Value 
Duration and Dispose Capping Water With- Without 
(years) (Option 1) Total Monitoring Capping Capping 

10 3,600 200 400 4,200 4,000 

20 4,300 200 600 5,100 4,900 

30 4,600 200 600 5,400 5,200 
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The assumptions are the same as w-ith the vacuum extciiction cost 

comparison, except 0&11 for capping is assumed to be required over the 

entire 30-year life cycle cost of the remediation. 

The decision regarding the leaching field disposal option is made 

difficult by a trade-off based on unknown factors. On one side is the 

potential decrease in remediation time due to more rapid aquifer 

flushing. The amount of decrease is based on the contaminant adsorption 

characteristics of the saturated soil, a current unknown. On the other 

side are the potential risks associated with encountering additional 

contaminated soil when excavating for installation of the leaching 

·field. 

To summarize, the decision revolves around whether to treat the 

source, the ground water, or both. Based on the increasing USEPA 

requirements regarding residual soil contamination and the degradation 

of ground water downgradient from the NIROP from at least one NIROP 

source, the combination of alternatives has a strong argument in its 

favor • 
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Appendix B presents a summary of the noncost and cost evaluations 

developed for the initial screening of the remedial action alternatives 

(RAAs). The full discussion of the initial screening is presented in 

the "Preliminary Submittal of Feasibility Study Task tIll," eRNT, October 

1987), submitted to the USACE in October 1987. 

The evaluations are based on the assumptions and remedial action 

alternative~ described in Section 3.5.3 Some assumptions, descriptions, 

and estimated costs were modified for the detailed evaluation of 

alternatives presented in Section 4. The modifications were made as a 

result of the more refined design used at the detailed alternatives 

evaluation level, and as a result of the use of cost estimates from 

vendors. The modifications are described in Sections 4.2, 4.3, and 5.2 . 
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Environmental Protection 

This alternative provides limited source control of already 

identified residual soil contamination. It reduces the mobili ty of 

resid~al soil contamination by minimizing local recharge in the 

contaminated area of trench 3. It does not reduce the toxici ty and 

volume of contaminated soil, or the mobility of contaminated ground 

water. 

This alternative has the potential to address applicable or 

relevant and appropriate requirements (ARARs) for ground water 

contamination under the following two conditions. First, this must be 

the only source of ongoing ground water contamination. Secondly, 

existing ground water contamination must be flushed from the aquifer by 

natural processes. The time required for the ARARs to be achieved or 

exceeded is based on natural processes, not on engineering design. 

One institutional barrier for this alternative is the Superfund 

Amendments and Reauthorization Act (SARA) 5-year review provision. The 

provision requires that the status of the site be reviewed at least once 

every five years to assure continued environmental protection. Under 

this provision, the site will need to be re-evaluated indefinitely. At 

any point, additional remediation may also be required. 

There is insufficient existing information to determine whether 

other on-site and/or off-site sources exist and to determine the 

duration of the natural flushing process. Therefore, this alternat ive 

includes a long-term ground water monitoring 

continue fdr 30 years. 

1332.10 139:RTA:frid0608A 2 
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Alternative A avoids the potential for contaminant exposure 

resulting from excavation. 

Environmental Effects 

The main adverse impact is the permanent maintenance that is 

required to minimize leakage through cracks in the cap. The potential 

for exposure during cap construction is another adverse impact. The 

potential for subsurface infiltration through the contaminated soil from 

the areas surrounding the capped area also exists. 

These effects may be mitigated by periodic cap inspections, proper 

health and safety procedures, and additional extension of the cap beyond 

the edges of the identified contamination area. 

This alternative allows future use of the site as an access roadway 

or for equipment storage, although probably not for permanent 

structures, as the cap may need to be periodically accessed for 

inspection. 

Technical Feasibility 

The concrete cap alternative is based on well established 

technology. The feasibility is based on proper long-term cap 

maintenance and ground water monitoring. 

Cost Evaluation 

The estimated present worth of this remedial alternative is 

approximately $400,000. This includes long-term ground water monitoring 

at 12 wells, which accounts for 93 percent of the estimated present 

1332.10 139:RTA:frid0608A 3 
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worth. The present worth analysis is for an assumed 30 years of 

maintenance and ground water monitoring. 

The capital cost of $18,000 includes a 2S percent oversized cap and 

grading over 100 percent additional area. 

Alternative B - Excavation and Disposal of Contaminated Soils 

Environmental Protection 

Contaminated soil excavation provides source control for soil 

contamination in the vadose zone. The source control is only at the 

location of previously identified soil contamination (RMT, 1987d). 

Alternative B1 reduces the volume of contaminated soil at the site by 

removal of the contaminated soil to an off-site landfill. Alternative 

B2 reduces the mobility of the contaminated soil at the site with the 

construction of a RCRA-permitted on-site landfill. Neither alternative 

reduces the contaminant toxicity. 

Ground water contamination ARARs are addressed in the same manner 

as Alternative A. The approach assumes that the designated source area 

is the only soil-based area of contamination and that ground water 

contamination will be naturally flushed from the aquifer once the 

contaminant source is removed. 

Alternatives Bl and B2 may have a significant institutional barrier 

in that the USEPA Superfund Amendments and Reauthorization Act of 1986 

(SARA) de-emphasizes excavation and disposal alternatives for source 

cleanup without treatment. Additionally, the 5-year review provision of 

SARA, described in Alternative A, will apply to Alternative B2 for the 

on-site disposal facility . 
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Resource Conservation and Recovery Act (RCRA) regulations of the 

USEPA also introduce significant institutional barriers to Alternatives 

Bl and B2. Upon excavation of the contaminated soil, the NIROP facility 

will .be considered a generator of hazardous waste by the US EPA under 

RCRA. As a result, the site will need a RCRA permi tas a hazardous 

waste generator for this contaminated soil. For on-site landfill 

disposal Alternative B2, a RCRA permit will be needed for hazardous 

waste disposal. The permit application process could take several years 

and approval is by no means assured. 

In November 1986, USEPA promulgated final regulations restricting 

the land disposal of certain categories of hazardous wastes. These are 

otherwise known as the "land ban" regulations. For spent solvents found 

in soils containing gr~at~r than 1 percent total solvents (by weight), 

no land disposal of the soil will be permitted at a RCRA-permitted 

facili ty after November 8, 1988, unless the contaminants in the soil 

have met or exceed certain treatment standards, or a variance has been 

approved by the USEPA. For TCE, the maximum allowable concentration in 

soil will be 91 ppb. For PCE, this level will be 50 ppb. The variance 

approval process could take several years and a variance approval is by 

no means assured. 

Levels of TCE and PCE in several soil samples from pit 3 were found 

to exceed 1 ppm, with one TCE level measured at 207 ppm. These levels 

exceed the "land-ban" target levels that take effect on November 8, 

1988. Thus, either a variance application would be needed, pre-

treatment of contaminated soils would be needed, or no land disposal 

would be permitted . 
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In addition to the significant institutional barriers from the 

USEPA, a major barrier to on-site disposal Alternative B2 may result 

from local resistance to an additional hazardous waste landfill in the 

Fridley area. Local resistance may result in delays of several years or 

even rejection of this alternative. 

Environmental Effects 

The most significant adverse impact is the potential for exposure 

to the contaminated soil that will result from the soil excavation and 

disposal processes. Exposure pathways from the soil excavation include 

soil contact, fugitive dust, and vapors. Potential exposure during soil 

disposal may occur during either the hauling or disposal phases. The 

on-site population at risk for potential exposure includes not only the 

remedial action team, but also NIROP facility personnel and adjacent 

properties. For off-site disposal Alternative Bl, the off-site 

population at risk includes the populations on the transit route and at 

the off-site disposal facility. 

A secou.dset of potential adverse impacts may occur with on-site 

disposal Alternative B2 if the on-site disposal facility is improperly 

constructed. Liner leaks in a land based disposal facility would 

increase the potential for additional ground water contamination. 

Lastly, adverse impacts may occur due to runoff and runon at either 

the excavation, temporary stockpile, or disposal locations. These 

impacts may be minimized with proper runoff/runon protection such as 

berms . 
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Technical Feasibility 

The technology involved for excavation and disposal is well 

developed. It. represents the technology that was standard up through 

the mid 1980s. However, since early 1986 the remedial action emphasis 

has been on remediation using technologies to reduce toxicity. 

The excavation and disposal alternative depends on the long-term 
\ 

effective maintenance and monitoring of the disposal facility. The 

disposal facility must be maintained and monitored indefinitely so that 

the contaminants will be contained and prevented from release to the 

environment. 

Cost Evaluation 

The estimated present worth of this remedial alternative is 

$530,000 with off-site disposal (Alternative B1) and $1,000,000 with on-

site disposal (Alternative B2) including 30 years of operation and 

maintenance and ground water monitoring costs. The capital costs are 

·effectively identical considering the uncertainties involved. However, 

the O&M costs for on-site disposal (Alternative B2) double the cost of 

that alternative. The monitoring costs for the on-site disposal are 

higher than for the off-site disposal because of the need for additional 

monitoring wells for the on-site disposal system. Costs for the 

temporary stock pile and staging areas and for the leachate disposal of 

Alternative B2 are included in the estimate. The permitting costs are 

included for Alternative B2 because of the extensive permitting process 

required for an on-site RCRA landfill. 
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Alternative C - Excavation, Treatment, and Disposal of Soils 

Environmental Protection 

As with Alternatives A and B, this alternative only addresses one 

poten~ial contamination source area in the vadose zone. This 

alternative minimizes the risk to the ground water from the soil by 

detoxifying the contaminated soil. 

This alternative will probably be subject to air quality ARARs due 

to the nature of the treatment method. The treatment is the removal of 

volatile contaminants from the soil by their volatilization into the 

air. 

Ground water quality ARARs will be indirectly addressed in the same 

manner as discussed for Alternatives A and B. 

The 5-year review· provision of SARA, described in Alternative A, 

will provide an institutional barrier to the on-site disposal of the 

treated waste. The provision holds where any hazardous substance 

remains on the remediated site. 

Standards for residual contamination in the treated soil will 

probably be required by the State of Minnesota. The state has an 

unwritten guidance for residual soil contamination for soil that is to 

be disposed by backfilling into the excavated hole that was the source 

of the contaminated soil (RMT, 1987d). 

As with Alternatives Bl and B2, this alternative may have 

significant institutional barriers due to USEPA's RCRA program. As with 

Alternatives B1 and B2, the excavation of the soil will cause the NIROP 

facility to be a RCRA hazardous waste generator, requiring a permit. In 

addition, on-site treatment of a RCRA hazardous waste will require a 
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ReRA treatment permit. It is not certain whether this form of soil 

treatment is allowed under RCRA regulations, without adequate air 

quality control and site preparation. The treatment method is 

considered as either a form of land farming or surface impoundment 

treatment. Land farming is generally permitted only for petroleum 

products. Once the soil is treated to the levels specified in the RCRA 

permit, the soil must be delisted as a hazardous waste before it could 

be returned to the excavated hole in the pit area. The entire 

permitting process could take several months or years, and there is no 

certainty that the soil delisting application will be approved. 

As with Alternative B2, there may be major institutional barriers 

with this alternative due to local resistance to the open-air 

volatilization process.. I,.ocal resistance could result in long delays or 

denial of permits • 

Environmental Effects 

The potential for contaminant exposure during the excavation and 

treatment processes is the most significant environmental effect. 

Exposure pathways from the soil excavation and treatment include soil 

contact, fugitive dust, and vapors. The on-site population at risk for 

potential exposure includes not only the remedial action team, but also 

NIROP facility personnel and adjacent properties. 

The potential for exposure by on-site personnel is greater for this 

alternative than for Alternative B because of the estimated 5 days of 

treatment needed for soil decontamination. During this period, 

contaminated soil will be spread over a 400-square-yard treatment area. 
'\, 

1332.10 139:RTA:frid0608A 9 



• 

• 

• 

Due to the risk of potential exposure associated with this option, 

significant institutional barriers to this treatment process are 

possible, which may result in long delays for implementation or the 

elimi~ation of this alternative from consideration. 

Potentially adverse environmental impacts due to runoff and runon 

are also possible. Leachate generating runoff or excavation filling 

runon may be minimized by proper drainage control design and 

construction. 

Technical Feasibility 

While the excavation technology is well developed, the treatment 

process is still evolving. This type of soil venting has been 

frequently applied on an informal basis to stockpiled contaminated soil 

for several years. However, the engineered application of this method 

is relatively new. 

The applicability of this alternative is limited to levels of 

contamination that, when vented, will not result in a health and safety 

risk to nonprotected personnel. The applicability is thus limited to 

areas with low population densities, where contaminant dispersion in the 

air is permitted before contact with potential receptor populations. 

The technical feasibility also depends on effective drainage 

control. Runoff from contaminated soil can result in contaminated 

runoff leaching into the ground water. Runon can result in operational 

delays due to water in the excavation and wet treatment soil. 

Direct rainfall can also hinder the operation due to limited 

volatilization with wet soil and difficult disking conditions • 
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Cost Evaluation 

The estimated present worth of this remedial alternative is 

$520,900 including 30 years of ground water monitoring. Eleven percent 

of the estimated capital cost of $150,000 is for the 5-day treatment 

operation. Twenty percent is for overall health and safety. The 

remainder is for soil excavation, construction of the treatment and 

stockpile pad including drainage control, 

contingency add-ons. 

and engineering and 

Alternative D - Soils Treatment Using In-Situ Vacuum Extraction 

Environmental Protection 

This alternative, as· with Alternatives A through C, only addresses 

the vadose zone soil contaminant source area. This alternative provides 

the highest level of environmental protection of all the strictly 

source-control alternatives. The soil toxicity is reduced without 

contaminated soil excavation. However, excavation of 

uncontaminated soils will be necessary to install the piping. 

shallow 

During 

the treatment process, recharge to contaminated soils is minimized due 

to the paved cap installed over the treatment area. 

As this alternative is proposed without discharge air treatment, 

air quality monitoring at the discharge pipeline may be needed to comply 

with ARARs. 

Ground water quality ARARs will be indirectly addressed in the same 

manner as discussed for the other source control alternatives . 
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As with Alternative C, the 5-Year revie.. provision of SARA, 

described in Alternative A, is an institutional barrier to this 

alternative. The provision holds where any hazardous substance remains 

on the remediated site. 

Standards for residual contamination in the treated soil may be 

required by the State of l1innesota, in order to establish .. hen the 

treatment process is to be concluded. Samples of treated soil will be 

used to determine compliance. 

Since no contaminated soil will be excavated, the NIROP facility 

will not require a permit as a hazardous waste generator. Consequently, 

no RCRA permit will be required for the treatment of the contaminated 

soil. 

In-situ vacuum extra~tion is considered an innovative technology by 

the USEPA. Thus, other institutional barriers to implementation may be 

less than for excavation Alternatives Band C. 

Environmental Effects 

The only potentially significant adverse environmental effect is 

the potential for exposure to the volatile organics contained in the air 

emissions from the discharge line. However, the air emissions for this 

alternative are more manageable than for Alternatives Band C because 

the discharge is a point source, not a large area of exposed soil. 

Thus, the air quality may be readily monitored, the pumping may be shut 

off during periods of least desirable winds, and air treatment using 

granular activated carbon (GAC) iIlay be readily added to achieve ARAR 

compliance, if necessary • 
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Potentially adverse environmental impacts due to runoff from the 

paving into the contaminated soil are only a problem during the period 

of system operation. This period is estimated to be less than 2 months. 

Technical Feasibility 

This system has been proven to be effective at a number of volatile 

organic contamination sites. However, the exact level of decontamina

tion and the required operation duration are site specific. A pilot 

study will be needed for this site to determine the key design 

parameters. This study period will add to the duration of remediation. 

There is a possibility that the system will not be able to achieve 

a specified ARAR due to conditions of the soil, the type or depth of 

contamination, or to pumping limitations. This, too, will be assessed 

during the pilot study • 

Cost Evaluation 

The estimated present worth of this remediation is $520,000 

including 30 years of ground water monitoring. The major capital costs 

include the 8-week operating period ($44,000), the vacuum pump 

installation ($10,000), the pilot study ($15,000), and the startup and 

shakedown ($15,000). Monitoring well sampling is the only long-term 

annual cost. 

The estimated capital cost for this alternative is essentially 

identical to that for the other soil treatment alternative, Alternative 

C. This cost includes the cost of implementing Alternative A, the 

concrete cap, as part of the required design. If granular activated 
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carbon (GAC) is required as part of the air emissions treatment, the 

estimated capital cost for this is about $10,000 (USEPA, 1985a). There 

would also be considerable O&M costs, particularly involving GAC 

replacement. 

Alternative E - Pumping and Disposal of Ground Water 

Environmental Protection 

This alternative protects human health and the environment as a 

source-control and migration management measure. The volume of 

contamination is reduced by pumping. The mobility is reduced by the 

hydraulic barrier. The ground water pumping also accelerates desorption 

of contaminants from the saturated soil and the flushing of this 

contamination out of the aquifer through the well, further reducing the 

source volume. After pumping ceases, a short-term increase in ground 

water contamination is anticipated as contaminants are desorbed from the 

soil above the depressed water table in the area around the pumps as the 

water table returns to its natural level. 

This alternative has the potential to approach, achieve, or exceed 

specified ground water ARARs based on the amount and duration of 

pumping. 

The duration of the necessary ground water pumping to achieve a 

specified standard is estimated based on available data. If additional 

field data modifies assumptions used to determine the duration, the 

duration estimate may need re-evaluation. 

The duration is influenced by at least three primary factors: the 

number of aquifer volumes needed to be pumped, the rate of continuing 
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contamination from vadose zone contaminant recharge, and the acceptable 

standard of contamination reduction. 

The number of aquifer volumes pumped depends on the rate of 

conta~inant desorption from the saturated soil particles. This depends 

on several chemical and soil properties. The assumptions used for this 

initial screening regarding the chemical and soil properties may be 

modified based on a closer examination of the available data for th~ 

final FS. The estimated values for chemical and soil properties may 

also change based upon the additional data to be collected in the next 

phase of the field work. The aquifer volume (or pore volume, PV) is the 

volume of water in the aquifer wi thin the site boundaries and pumping 

well radius of influence. 

The rate of continuing contamination from the vadose zone is 

assumed to be within the acceptable standard for contamination 

reduction. Thus the pumping duration will be based on the contamination 

already present in the ground water. 

The pumping duration used in this RAA screening evaluation is 26 

years. This would permit the flushing of 15 PV of ground water through 

the aquifer. If data from other sites is at all generalizable, then 

this would indicate an approximate 96% contaminant removal from the 

saturated soil and ground water (eRA, 1985). 

Environmental Effects 

The primary potentially adverse impact is potential exposure to 

volatile organics in the sewer system, at the PON, and at the PON 

discharge location. However, dilution and volatilization in the sewers 

1332.10 139:RTA:frid0608A 15 



• 

• 

• 

and at the POTW should minimize these risks. The VOC concentration in 

the air is expected to be minimal due to the relatively low 

concentration of volatiles in the ground water. It is reported that the 

POTW ,is able to accept VOC levels up to 20 ppm in the influent waste 

water (eRA, 1985). The maximum VOC level measured most recently 

(November 1986) in an on-site monitoring well is about 10 ppm at well 8-

s. 

Adverse ground water impacts may result when the pumps are shut 

off. Desorption of contaminants from the soil in the pumping well area 

may occur as water levels return to background levels, resulting in 

additional ground water degradation. 

Other environmental effects include the health and safety 

protection needed during drilling and system installation, the disposal 

of the boring cuttings, and the long-term energy commitment needed for 

pump operation. 

Technical Feasibility 

The pumping and disposal alternative is based on proven technology 

that is commonly implemented for similar remediations. However, the 

project lifetime and effectiveness cannot be adequately estimated 

without additional data regarding soil properties and source extent and 

location. 

Feasibility also depends on the ability to obtain a long-term 

commi tment from the POTW to accept the pumped discharge without pre

treatment . 
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Cost Evaluation 

The estim~ted present worth of this remedial alternative including 

monitoring is approximately $7,700,000. This is based on 26 years of 

opera_t ion and 30 years of moni toring. It is also based on the 

configuration presented in Figure 3-3 and on a sanitary sewer disposal 

fee of $1.80 per 1,000 gallons of water. The POTW discharge fee 

comprises 85 percent of the estimated present worth. For a disposal fee 

of $1.00 per 1,000 gallons of water, the estimated present worth is 

$4,800,000. 

Alternative F - Pumping, Treatment, and Disposal of Ground Water 

Environmental Protection 

This alternative protects human health and the environment as a 

source-control and migration management measure . The volume of 

contamination is reduced by pumping. The toxicity is reduced by air 

stripping and the mobility is reduced by the hydraulic barrier. By 

pumping out contaminated ground water and re-injecting clean water, 

contaminants may be desorbed from the soil, further reducing the 

contaminant volume. After pumping ceases, a short-term increase in 

ground water contamination is anticipated as contaminants are desorbed 

from the soil above the depressed water table as it rebounds to the 

natural prepumped gradient. 

This alternative has the potential to approach, achieve, or exceed 

specified ground water ARARs based on the duration of pumping and 

treatment • 
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The problems and assumptions regarding the estimation of the 

duration of remediation with this alternative are the same as those 

describes in Alternative E except for the influence of the rejection 

wells.. It is assumed in this analysis that the two remediation features 

of the re-injection system counteract each other's effect, such that the 

remediation duration estimate is the same as for Alternative E, 26 

years. One feature is the flushing of contaminants from vadose zone 

soil into the ground water. This would increase the concentration of 

contaminants in the ground water until the source is fully flushed. 

This would tend to increase the number of pore volumes needed to achieve 

a remediation target. The other feature is the increased rate of ground 

water flushing. This would tend to reduce the duration of the 

remediation as the target 'number of purged pore volumes will be achieved 

more quickly . 

Environmental Effects 

The primary potential adverse impact from the air stripper 

treatment system is the quantity of volatile organics discharged to the 

atmosphere as part of the air stripping process. However, significant 

air quality degradation is not anticipated due to the relatively low 

levels of contamination being treated. It is also reported that the 

policy of the Minnesota Pollution Control Agency (MPCA) is not to 

require treatment of atmospheric discharges containing less than 1 ton 

of VOC per year (CRA, 1985). 

An additional adverse impact may result when the pumping system is 

shut off • Ground water contamination may result from contaminant 
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desorption from the soil into the ground water as the water table 

returns to the natural post-pumping level. 

Other environmental effects include health and safety protection 

neede~ during drilling and system installation, disposal of the boring 

cuttings, and the long-term energy commitment needed for pump and air 

blower operation. 

Technical Feasibility 

The pumping and re-injection alternative is based on proven 

technology that has often been implemented for similar remediations. 

However, the project lifetime and the effectiveness of the source 

control cannot be adequately estimated without additional data regarding 

soil properties and source extent and location. There is also the 

potential for unanticipated problems with the operation and maintenance 

of the remediation system. Potential problems include clogging of the 

pumping and injection well screens, biological and chemical fouling of 

the air stripping column and pipelines, and freezing. 

Cost Evaluation 

The estimated present work of this remedial alternative is 

approximately $2,200,000. This is based on 26 years of operation and 30 

years of monitoring. It is also based on the configuration presented in 

Figure 3-3. 

If institutional or technical obstacles to re-injection or treated 

ground water are too great, the alternative will be based on the 

assumption that disposal of treated water will be into the storm sewer 
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system. 

avoided 

This will result in an estimated savings of $60,000 due to the 

cost associated with the re-injection wells. However, this 

alternative will no longer address contamination in the vadose zone 

soil. 

Alternative G - Ground Water Treatment at the Proposed Drinking Water 

Well Field 

Environmental Protection 

The alternative protects only human health as a type of management 

of migration system. The contaminant pathway is not controlled by the 

treatment system. However, it may be altered by the proposed well 

field. The management of migration is provided by a reduction in off

site contamination due ·to the treatment. If properly installed, 

operated, and maintained, the system is able to reduce the potential 

public health threat at the proposed well field. The system does not 

act as a source control mechanism, and it will not mitigate the 

potential public health risk at the Minneapolis water supply intake. 

The system does not deal directly with the contaminant plume. It 

will only affect the toxicity, mobility, and volume of the contamination 

in a secondary manner, only for the contamination withdrawn by the 

proposed well field. However, it is possible that the well field could 

be designed for the dual purpose of controlling the contaminant plume as 

well as providing a backup water supply. 

The alternative will need to be operated for an indefinite 

duration. If the continuing contaminant 

removed, the sys tem would need to be 
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contamination has been flushed out of the aquifer and most likely 

discharged to the Mississippi River. 

Applicable regulations for contaminant levels for this system will 

be mqre strict than those required for the ground water in general, 

since this water would be used for direct consumption. 

This alternative may be precluded by institutional barriers such as 

the potential non-acceptance of this alternative by the Cities· of 

Minneapolis and Fridley, and the State of Minnesota. The City of 

Minneapolis has already expressed resistance to this alternative. 

Environmental Effects 

This system is based on the assumption that the well field will 

draw contaminated water from the NIROP plume. This well field location 

may prove to be undesirable for the city for other reasons. For 

instance, the general area around the proposed well field location is 

zoned for heavy industry. There are possibly several potential sources 

of existing or future ground water contamination in the area. A well 

field location in a less industrialized area may be preferable. A 

second reason for relocating the well field is that the currently 

proposed .location may provide inadequate water yield. 

The treatment system itself presents few adverse environmental 

effects. The main issue is the disposal of the spent GAC. This 

requirement is routinely handled by the GAe supplier, who will either 

regenerate or properly dispos~ of the GAe . 
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Technical Feasibility 

• The treatment technology is widely used and well developed for the 

NIROP contaminants of concern. However, it requires proper 

instaJlation, operation, maintenance, and monitoring. the treatment 

system operators must regularly monitor for contaminant break-through 

and replace spent GAC. A pilot study is required to determine the 

required GAC replacement frequency. 

Cost Evaluation 

The City of Minneapolis Water Works has placed their decision as to 

the location and pumping rate for the proposed water supply well on hold 

pending the outcome of the three-year USGS ground water study. Without 

information concerning the volume of pumped water, the frequency of use 

• • 1 

of the system and the initial contaminant concentration likely to be 

drawn into the well, an estimate of the cost within the -50% to +100% 

accuracy of this evaluation is not possible at this time. The screening 

of this alternative will have to be performed on the noncost criteria. 

Alternative H - Relocation of Proposed Water Supply Well Field 

Environmental Protection 

This alternative is neither a source control nor migration 

management alternative, but rather a no-action alternative for the 

contaminant plume. However, it does eliminate the potential public 

health threat to the receptor identified as being most critically at 

health risk. Contaminant reduction in the ground water would be 

provided only by the natural flushing capacity of the aquifer • 
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Environmental Effects 

Potential adverse environmental effects would depend on the 

location selected for the alternate site. 

Technical Feasibility 

Feasibility depends on the ability to locate a site with the 

required capacity and accessibility within a reasonable period of 

time. The availability of such a site will probably not be determined 

for at least the next two years. 

Cost Evaluation 

As with Alternative G, this alternative cannot be evaluated on the 

basis of cost. The uncertainties associated with available relocation 

areas are too substantial to permit an estimate of cost within the -50% 

to +100% accuracy of this evaluation. Because of the uncertainties 

associated with the cost, neither this alternative nor Alternative G 

should be dropped from further consideration on the basis of the cost. 

The largest single cost, excluding ground water monitoring, would 

probably be for the installation of additional water supply pipeline and 

the securing of the associated easements. 

However, wherever the well system is relocated, it would still need 

to be demonstrated that contamination from the NIROP facility would not 

affect the proposed well system, if that system were located in the 

bedrock aquifer • 
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The relocation of the well system may be required due to the need 

for sufficient capacity independent of the potential effects of 

contamination at the NIROP site . 
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'e e 
GROUND WATER CLEANUP DURATION 

VOLUME OF WATER IN CAPTURE ZONE (PORE VOLUME, MG)* 

Pumping Pore Volume (Millions of Gallons, MG) 
Rate Pumping Well No. 
(GPM) 2 3 5 2&3 3&5 

50 65 88 NA 153 NA 
100 115 166 133 281 299 
200 225 316 244 507 545 

--~-----

DURATION (YEARS) PER PUMPED PORE VOLUME 

Pumping Duration (Years) 
Rate Pumping Well No. 
( GPI1) 2 3 5 2&3 3&5 

50 2.5 3.4 NA NA NA 
100 2.2 3.1 2.5 2.7 2.8 
200 2.1 3.0 2.3 2.4 2.6 

* On-site and downgradient 

(1332.10 139:RTA:frid1124T5) 

2&3&5 

NA 
414 
735 

2&3&5 

NA 
2.6 
2.3 
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Pumping 
Rate 
(MG/Y) 
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53 
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RESIDUALS MANAGEMENT 

Al"lOL - 1.01 • PROJECT NAME: fridlev 

HORIZ. SCALE (r:T/]N): 200 
VEF~T ~;CALE (FT / IN) : 200 

AREA NAME SQ INCHES SQ FEET SQ YARDS 

~'~;1Q5(l 7.259 '..,o: ... ~t::c ~r:';' 'i 
~;v .. '.J I ·.'~':'\..'L 

t::M"'n.~ tif'. f '71 "":7'7 511084 56757 , "~t.:J.'_'\! 1~. 1 J I 

PW2Q200 25.026 1001039 111227 

PW3Q50 9.746 389823 43314 

PW3bll00 18.478 i~C~ ")1 
! o,J! ..... 92125 

PW3Q200 35.220 1408802 156534 

PWSQ100 t4.843 :::c,"nc "<:0"71 
"", .. 'i .. " u"; t i i 

PRECrSIQN DF 07 PI :':l'IC ACCEPTED II .. " "r.~ 

::';,:":,_'r.i;",.'t;!; 
'"~ ... ,;;t~\.'\! 

!::'i.:1 ;;"::C: 
i ft.u:.:.. ... 

'if 1 O~ 
Li I:' I J, 

2.409 

0.088 

1057647 

, <:~',1<:j 
J.>oJ~-h". 

C';'~C:1j 
; v.,; .. '';'' 

7r:'H, 
",'w ... 'U 

PRECISION OF 96.6I WAS ACCEPTED 

• 

120850 

7"~'i ; i:.,s.. 

ACRES 

: '" o. t·bu 

11.1~';; 

'i":. 001 
.;.,~. IW.l 

o Q~C u •.• i 

lL OLO 
.L'. iUV 

32.342 

13.630 

24,969 

1: c.t .... ·• 
""''':-'''V 

1 ::c'! 
.;. I ~J ... ' 

0.081 

S)/C£7 'I () F i 

Yf u\ t d- \ TY2 " \,0 
TECHNOLOGY., INC_ 

?rtl'JPV"t[ _t 
73./: 5 M1 D({+-:;" 1/-N-~:7 

USE S: N A ;·1 E: s m C J, t C·~ C::t 
r',/,,·.TC. i!_"':'C:_i007 i"'t. J t,~ r-/ 
.'" , I... • .., .... ~. ''' .. J! i ./ '; • co B1,' rJy-J'f:... /.-; £",,:7 e : I(;;....)o.\~ tc 
t~ IN} r·l U M P F: Eel S ION '. i. ... • , u 

VOL TYPE AV. DEPTH (ft) CUBIC YAROS 
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COST ESTI~TE 

ALTERNATIVE A - CAPPING CONTAMINATED 
PORTION OF SITE 

Unit 

Prepared by: 
Checked by: . 

Date: 
Revisions: 

SAM 

Fr-t<5 
12/4/87 
12/8/87 

Item Description Unit Cost ($) Quantity Total 

Mobilization/Demobilization 

Site Preparation 

Excavate/Stockpile Clean 
Overburden to 12-in. Depth 

Discharge Piping 
Manholes 

Construct Concrete Cap 

Grade 
Concrete Curb 
6-in. Gravel Fill (borrow) 
6-inc. Cement Concrete 

(in-place) 

Site Restoration 

NPDES Permit Application 
Modification 

SUBTOTAL 

Health and Safety (Level D) 

Contingency (30% of Subtotal) 

Design Engineering 

Site Engineering 

TOTAL CAPITAL COSTS 

PAGE 1 TOTAL 

1332.10 139:RTA:frid1124Ta 

1$ 

LS 

CY 

LF 
EA 

SY 
LF 
CY 
SY 

LS 

LS 

$3,000.00 1 $3,000 

2,000.00 1 2,000 

3.00 60 200 

15.00 960 14,400 
2,000.00 6 12,000 

2.00 300 600 
8.00 140 1,120 

20.00 30 600 
30.00 180 5,400 

2,000.00 1 2,000 

10,000 1 10,000 

$51,300 

25,000 

15,400 

30,000 

15,000 

$137,000 

$137,000 

page 1 
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COST EST l!1A TE 

ALTERNATIVE A - CAPPING CONTAMINATED 
PORTION OF SITE 

Item Description 

Operation and Maintenance 
(Annual Cost) 

Cap Maintenance/Repairs 

Ground Water Monitoring 
(Details Listed in Alt. F) 

Present Worth O&M 
1 = 10; n = 30; PiA = 9.43 

O&M 
Monitor 
Total O&M and Monitor 

PAGE 2 TOTAL 

PAGE 2 CUMULATIVE TOTAL 

1332.10 139:RTA:frtd1l24Ta 

Unit 

1$ 

LS 

Unit 
Cost ($) 

$ 4,000.00 

66,000.00 

page 2 

9.43 
9.43 

Prepared by: SAM 
FJiS 
12/4/87 
12/8/87 

Checked by: 
Date: 

Revisions: 

Quantity 

1 

1 

4,000 
66,000 

Total 

$ 4,000 

66,000 

37,700 
622,000 
659,700 

$660,000 

$797,000 
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PROJECT NAME:FRIDLEY NIROP 
PROJECT ~: 1332.10 

WORK CODE (S): l3'} 

ITEM 
NUMBER : ITEM DESCRIPTION 

0.1000: ALT. D - 6NSITE VACUUM EXTRACTION 
0.2000 I TREATMENT OF CONTAMINATED SOILS 
0.3000 

RMT, Inc. 
COST ESTIMATE 

(COSTEST 1) 

: UNITS : 

1.0000 MOBILIZATION/INSTAUATION LS 
1.1000 
1. 5000 STARTUP AND SHAKEDOWN LS 
1.1000 
8.0000 : 
8.1000 : 
8.2000 : 
8.4000 : 
8.5000 ' 
9.1000 
9.2000 
9.3000 

10.0000 
10.1000 
11.0000 

, 11.1000 
12.0000 
12.1000 
12.2000 : 
12.3000 : 
13.0000 : 
13.1000 : 
14.0000 : 
14.1000 : 
15.0000 I 

15.1000 
16.0000 
16.1000 
17.0000 
17.1000 
18.0000 
18.1000 
19.0000 
19.1000 
19.2000 
20.0000 
20.1000 : 
20.2000 : 

TREATMENT OPERATION (9 MOS.) 

VACUUM EXTRACTION OPERATION 
CONTAMINATED SOIL SAMPLING 

AIR EMISSIONS PERHITTING 

SUBTOTAL 

ENGINEERING AND DESIGN (35%) 

CIVIL/STRUCTURAL (25%) 

PIPING (20%) 

ELECTRICAL/INSTRUMENTATION (20%) 

HEALTH AND SAFETY (20%) 

MO 
: QUARTERLY' 

LS 

ENGINEERING ASSISTANCE (1 MO@65/HR): 

CAPITAL COSTS 

CONTINGENCY (30% OF CAPTIAL COSTS) 

TOTAL CAPITAL COSTS 

GROUNDWATER MONITORING 
(ANNUAL COST, DETAILS IN ALT. F) 

PRESENT WORTH, GROUNDWATER MONITOR 
(i:10; n:30; P/A:9.43) 

TOTAL PRESENT WORTH 

PAGE 1 TOTAL 

PAGE 1 CUMULATIVE SUB-TOTAL 

LS 

TEHPLATE: FRIDALTD 
BY: SAM :.§)~ p((Cj!S7 

DA IE: 04-Dec-~7 . 
REVISIONS: ll-Dee-87 

UNIT 
COSI($) : QUANTITY TOTAL( $) 

$40,000.00 

$5,000.00 

$12,000.00 
$10,000.00 

$30,000.00 

$66,000.00 : 

9.43 : 

9 
4 

66000 

$0 
$0 
$0 

$40,000 
$0 ' 

$5,000 
$0 
$0 
$0 

$108,000 
$40,000 

$0 
$0 

$30,000 
$0 

$223,000 
$0 

$78,100 
$0 

$55,800 I 

$0 
$44,600 

$0 
$44,600 

$0 
$44,600 

$0 : 
$13,750 : 

$0 : 
$504,500 : 

$0 : 
$151, 350 : 

$0 : 
$655,850 : 

$0 
$66,000 : 

$0 : 
$0 : 

$622,400 : 
$0 : 

$1,278,250 : 

: $1,278,250.00: 

: $1,278,250.00: 

H Page IH 
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PROJECT NAME:FRIDLEY NIROP 
PROJECT 1:1254.04 

WORK CODE(S):106 

RMT, Inc. 
COST ESTIMATE 

(COSTEST 1) 
TEMPLATE: 

BY: 
DATE: 

REVISIONS: 

FRIDALF1 
SAM .tgJ. 0114(5'/ 

24-Sep-87 
ll-Dec-37 

-----------------------------------------------------------------------------------------------------------
ITEM . : UNIT 

NUMBER : ITEM DESCRIPTION : UNITS: COST($) : QUANTITY : TOTAL\$) : 
----------------------------------------------- --------------------------------------------------------' 

0.2000 : 
0.3000 : 
0.4000 : 
1. 0000 : 
1. 5000 : 
2.0000 : 
2.0500 : 
2.0700 : 
2.1000 : 
2.2000 : 
2.3000 : 
2.4000 : 
2.5000 : 
2.7000 : 
2.8000 
2.9000 
3.0000 
3.2000 
3.3000 
3.4000 
3.5000 
3.5000 
3.7000 
4.0000 
4.1000 : 
4.2000 : 
4.3000 
4.4000 
6.0000 
6.1000 
7.0000 
7.1000 : 
8.0000 : 
8.1000 : 
9.0000 : 
9.1000 : 
9.2000 ' 
9.3000 
9.4000 

10.0000 
10.1000 
11. 0000 
11.1000 
12.0000 

ALr. F - PUMPING, TREATMENT AND 
DISPOSAL OF GROUNDWATER (OPTION 1) 

MOBILIZATION 

INSTALL DEEP WELL EXTRACTION 
SYSTEM 

EXTRACTION WELLS @ 100 FT 
EXTRACTION WELLS @ 60 FT 
PUMPS (0:200 GPM, 5 HP) 
PUMP (Q:50 GPM; 1 HP) 
PUHP (0:25 GPM; 0.75 HP) 
COLLECTION TANKS 
ABOVE GROUND PUMPS 

INSTALL TREATHENT SYSTEH 
COLLECTION TANK 
PUHP 
PRETREATMENT SYSTEH 
AIR STRIPPING SYSTEM{O : 700 GPH): 
SUHP AND PUMP 

INSTALL WATER DISTRIBUTION SYSTEH 

PRESSURE PIPE, INSTALLED 
GRAVITY PIPE, INSTALLED 

BUILDING FOR SYSTEM 

STARTUP OF TREATMENT SYSTEHS 

WELL CUTTINGS HANDLING/DISPOSAL 

PERHITTING 

NPDES 
AIR EHISSIONS 

SUBTOTAL 

HEALTH AND SAFETY (15%) 

CIYIL/STRUCTURAL (15%) 

PAGE 1 TOTAL 

PAGE 1 CUHULATIYE SUB-TOTAL 

LS 

EA 
EA 
EA 
EA 
EA 
LS 
LS 

EA 
EA 
LS 
LS 
LS 

LF 
LF 

LS 

LS 

EA 

LS 
LS 

$75,000.00 

$15,000.00 
$10,000.00 
$12,500.00 
$8,250.00 
$7,000.00 

$42,500.00 
$22,500.00 

$22,500.00 
$20,000.00 
$62,500.00 
$75,000.00 
$27,500.00 

$14.00 
$16.00 

$58,000.00 

$10,000.00 

$500.00 

$25,000.00 
$10,000.00 

H Page 1H 

3 
2 
3 
1 
1 
1 
1 

2 
1 
1 
1 
1 

5190 
370 

6 

1 
1 

$0 
$0 
$0 

$75,000 
$0 
$0 ' 
$0 
$0 

$45,000 
$20,000 
$37,500 
$8,300 
$7,000 

$42,500 
$22,500 

$0 
$0 

$45,000 
$20,000 
$62,500 
$75,000 
$27,500 

$0 
$0 
$0 

$72,700 : 
$5,900 

$0 : 
$58,000 : 

$0 ' 
$10,000 

$0 
$3,000 

$0 
$0 
$0 

$25,000 
$10,000 , 

$0 
$672,400 : 

$0 : 
$100,900 : 

$0 : 
$100,900 : 



• 

• 

• 

PROJECT NAME:FRIDlEY NIROP 
PROJECT #:1254.04 

WORK CODE(S):106 

RMT, Inc. 
COST ESTIMhTE 

(COSTEST1) 

ITEM UNIT 

TEMPLA TE: 
BY: 

DATE : 
REVISIONS: 

FRIDALF1 
S4M IX!;; I:~ i4!l),[ 

24-Sep-t:7 
ll-Dec-87 

NUMBER : ITEM DESCRIPTION : UNITS: COST\$) : QUANTITY : 101AL($) : 
--------------------------------------------------------------------------------------------------------: 
12.1000 : 
13.0000 : ELECTRICAL/INSTRUMENTATION (25%) 
13.1000 : 
14.0000 : PIPING (l01) 
14.1000 : 
14.2000 : ENGINEERING AND DESIGN (25%) 
14.3000 : 
15.0000 : CAPITAL COST 
15.1000 : 
15.2000 : CONTINGENCY (25% OF CAPITAL COST) 
15.3000 : 
15.4000 : TOTAL CAPITAL COST 
15.5000 : 
16.0000 I OPERATION AND MAINTENANCE 
16.1000 (ANNUAL COST) 
16.2000 
16.3000 OPERA TIONS 
16.4000 ELECTRICITY 
16.5000 EXTRACTION 
16.6000 TREATMENT 
16.6500 

HP 
LS 
LS 

$630.00 : 
U2,000.00 I 

$12,000.00 

40 : 
1 
1 

$0 : 
$168,100 : 

$0 : 
$67,200 

$0 
$168,100 

$0 
$1,'L..76,OOO 

$0 
$3/,,400 

$0 
$l.5~1,OOO 

$0 
$0 
$0 
$0 
$0 I 

$25,200 
$12,000 
$12,000 

$0 
16.7000: MAINTENANCE (lSI OF CAPITAL cosT): LS fZ4O,Ocr-l.00 $2110,000 
16.7500 : $0 I 

16.9700 : $0 : 
16.9900 : $0 : 
16.9800: TREATMENT SAMPLING EA $1,000.00 I 24 $24,000 : 
17.0000: TOTAL ANNUAL O&M $313,200 : 
17.1000 : $0 : 
17.2000: GROUNDWATER MONITORING(ANNUAL COST): $0 I 

17.3000 : $0 
17.4000: SAMPLING (4 ROUNDS) EA $2,000.00 4 $8,000 
17.5000: ANALYSIS (INCLUDING QA/QC) EA $500.00 96 $48,000 
17.6000: REPORTING EA $10,000.00 : 1 $10,000 
17.7000 : $0 
17.8000: ANNUAL MONITOR $66,000 
17.9000 : $0 
18.0000: PRESENT WORTH (i : 10) .$0 

I lS.1000: $0 
IS.2000: O&M (n : 30, PIA: 9.43) 9.43 : 313200 $l,Q5)400 
lS.3000 : $0 
18.4000: MONITOR (n : 30, PjA : 9.43) 9.43 66000 $622,400 
18.5000 : $0 
18.6000: TOTAL O&H AND HONITOR PRESENT WORTH, $3.57.5,800 

--:~~~~~~-~-~~~-~-~~~---------------------------------------------------------~~~~--
PAGE 2 TOTAL 

PAGE 2 CUMULATIVE SUB-TOTAL 

H PageZ-H 
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PROJECT NAHE:FRIDLEY NIROP 
PROJECT #:1254.04 

WORK CODE(S):106 

ITEM 
NUMBER : ITEM DESCRIPTION 

ALT: F - PUMPING, TREATMENT AND 
DISPOSAL OF GROUNDWATER (OPTION 2.) 

MOBILIZA lION 

INSTALL DEEP WELL EXTRACTION 
SYSTEM 

EXTRACTION WELLS @ 100 FT 
EXTRACTION WELLS @ 60 FT 
PUMPS (Q:200 GPM, 5 HP) 
PU~P (Q:50 GPM; 1 HP) 
PUMP (Q:25 GPM; 0.75 HP) 
COLLECTION TANKS 
ABOVE GROUND PUMPS 

INSTALL TREATMENT SYSTEM 
COLLECTION TANK 
PUMP 
PRETREATMENT SYSTEM 

RMl, Inc. 
COST ESTIMATE 

(COSTEST 1) 

: UNITS : 

LS 

EA 
EA 
EA 
EA 
EA 
LS 
LS 

UNIT 
COSTI$) 

$75,000.00 

$15,000.00 
$10,000.00 
$12,500.00 
$8,250.00 
$7,000.00 

$42,500.00 
$22,500.00 

TEMPLATE: 
BY: 

DATE: 
REVISIONS: 

: QUANTITY 

3 : 
2 : 
3 : 
I 
I 
I 
1 

I 
I 

I 
I 

2 : 
1 
I 

0.2000 
0.3000 
0.4000 
1.0000 
1.5000 
2.0000 
2.0500 
2.0700 
2.1000 : 
2.2000 : 
2.3000 : 
2.4000 I 

2.5000 
2.7000 
2.8000 
2.9000 
3.0000 
3.2000 
3.3000 I 

3.4000 
3.5000 
3.5000 
3.7000 
4.0000 
4.1000 I 

4.2000 : 
4.3000 I 

4.4000 
5.0000 
5.1000 
5.2000 
5.3000 
5.4000 
6.0000 : 
6.1000 : 
7.0000 : 
7.1000 : 
8.0000 : 
8.1000 : 
9.0000 : 
9.1000 : 
9.2000 : 
9.3000 : 
9.4000 : 

AIR STRIPPING SYSTEM(Q : 700 GPM): 

EA 
EA 
LS 
LS 
LS 

$22,500.00 : 
$20,000.00 : 
$62,500.00 : 
$75,000.00 : 
$27,500.00 : 

1 
SUMP AND PUMP 

INSTALL WATER DISTRIBUTION SYSTEM 

PRESSURE PIPE, INSTALLED 
GRAVITY PIPE, INSTALLED 

INSTALL LEACHING FIELD 

LEACHING FIELD INSTALLATION 
LEACHING FIELD STARTUP 

BUILDING FOR SYSTEM 

STARTUP OF TREATMENT SYSTEMS 

WELL CUTTINGS HANDLING/DISPOSAL 

PERMITTING 

NPDES 
AIR EMISSIONS 

PAGE 1 TOTAL 

PAGE 1 CUMULATIVE SUB-TOTAL 

LF 
LF 

LS 
LS 

LS 

LS 

EA 

LS 
LS 

$14.00 : 
$16.00 

$15,000.00 
$2,500.00 

$58,000.00 I 

$10,000.00 

$500.00 

$25,000.00 
$10,000.00 

H Page3H 

I 

5190 : 
370. : 

6 : 

FRIDALFI 
D'" -.J h 

SAMi.oL~ k~ rt(.J7 
24-Sep-87 
ll-Dee-87 

TOTAL($) 

$0 
$0 
$0 

$75,000 
$0 
$0 I 

$0 : 
$0 : 

$45,000 : 
$20,000 : 
$37,500 : 
$8,300 : 
$7,000 : 

$42,500 : 
$22,500 : 

$0 : 
$0 : 

$45,000 : 
$20,000 I 

$62,500 
$75,000 
$27,500 

$0 
$0 
$0 

$72,700 : 
$5,900 : 

$0 : 
$0 : 
$0 I 

$15,000 
$2,500 

$0 
$58,000 

$0 
$10,000 

$0 
$3,000 

$0 
$0 
$0 

$25,000 
$10,000 

$0 



• 

• 

• 

J 

PROJECT NAHE:FRIDLEY N!ROP 
PROJECT #:1254.04 

WORK CODE(S):106 

ITEM 
NUMBER , ITEM DESCRIPTION , 

RMT, Inc. 
COST ESTIMATE 

(COSTESTl ) 

I UNITS , 
I , 

UNIT 
COST(t) 

TEMPLATE: FRIDALF1 
BY: 

DATE: 
SAM §i:A \~I4iS7 

24-Sep-87 
REVISIONS: ll-Dec-87 

, , , QUANTITY , TOTAL(t) , , , , 
--------------------------------------------------------------------------------------------------------, 
10.0000 : SUBTOTAL $689,900 
10.1000 $0 
11. 0000 HEALTH AND SAFETY (15%) $103,500 
11.1000 $0 
12.0000 CIVIL/STRUCTURAL (15%) U03,500 
12.1000 $0 
13.0000 ELECTRICAL/INSTRUHENTATION (25%) $172,500 
13.1000 $0 
14.0000 PIPING (10%) $69,000 
14.1000 $0 
14.2000 ENGINEERING AND DESIGN (25%) $172,500 
14.3000 $0 
15.0000 CAPITAL COST $1,310,900 
15.1000 $0 
15.2000 : CONTINGENCY (25% OF CAPITAL COST) $327,700 
15.3000 : $0 
15.4000 : TOTAL CAPITAL COST $I ,638,600 
15.5000 : $0 
16.0000 : OPERATION AND MAINTENANCE $0 
16.1000 : (ANNUAL COS T) to 
16.2000 : $0 
16.3000 : OPERATIONS $0 
16.4000 : ELECTRICITY HP $630.00 40 $25,200 
16.5000 : EXTRACTION LS $12,000.00 1 $12,000 
16.6000 : TREATMENT LS t12,000.00 1 $12,000 
16.6500 : $0 J 

16.7000 : MAINTENANCE (15% OF CAPITAL COST): LS $245,790.00 $245,800 
16.7500 : $0 ' 
16.9700 : $0 
16.9800 : $0 
16.9800 : TREATHENT SAMPLING EA $1,000.00 24 $24,000 
17.0000 ' TOTAL ANNUAL O&M $~'J,OOO 

17.1000 $0 
17.2000 GRO~NDWATER MONITORING(ANNUAL cosT): $0 
17.3000 $0 
17.4000 SAHPLING (4 ROUNDS) EA $2,000.00 4 $a,OOO 
17.5000 ANALYSIS (INCLUDING (lA/QC) EA $500.00 96 $48,000 
17.6000 REPORTING EA $10,000.00 1 $10,000 
17.7000 $0 
17.aOOO ANNUAL HONITOR $66,000 
17.9000 $0 
1B.0000 PRESENT WORTH (i : 10) $0 
18.1000 $0 
18.2000 O&H (n : 30, PIA : 9.43) 9;43 ~OOO $3~,OOO 

-----------------------------------------------------------------------------------------------------------
PAGE 2 TOTAL 

PAGE 2 CUMULATIVE SUB-TOTAL 

H Page 'fH 



• 

• 

• 

PROJECT NAHE:FRIDLEY NIROP 
PR0JECT #:1254.04 

WORK CODE(S):106 

RMT, Inc. 
COST ESTIMATE 

(COSTESTll 

ITEM UNIT : 

TEMPLATE: 
BY: 

FRIDALFI 
SAM m. r:414ts7 

DATE: 24-Sep-S7 
REVISIONS: 11- Dec -87 

NUMBER I ITEM DESCRIPTION : UNITS: cosT($) : QUANTITY I TOTAL ($) 
--------------------------------------------------------------------------------------------------------: 
IB.3000 
18.4000 MONITOR (n : 30, PIA: 9.43) 
lS.S000 
18.6000 TOTAL O&M AND MONITOR PRESENT WORTH: 
1£1.7000 
19.0000 TOTAL PRESENT WORTH 
19.1000 

********* : 
*********: 
*********: 
*********: 
*********: 
********~: 

~********: 
u**t****: 
u****u*: 
u*******: 
****u***: 
***'*****: 
u*******: 
*********: 
uU*****1 
*********: 
u**Hu:*1 
*u******: 
u***uu: 
****H***: 
****u***: 
*********: 
*********1 
*********: 
*********1 
*********: 
*********: 
*********1 
******~**: 

*********1 
********* I 
***~*****l 

********* : 
*********1 
*********: 
*********1 
*******:** I 
***t*****l 

PAGE 3 TOTAL 

PAGE 3 CUMULATIVE SUB-TOTAL 

9.43 66000 

H Page 5H 

$0 
$622,400 

$0 
$3,B~,OOO 

$0 
$~,U1,Ooo 

SO 
$0 
$0 
$0 
$0 
$0 
$0 
$0 
$0 
$0 
$0 
$0 
$0 I 

$0 
$0 
$0 
$0 
$0 
$0 
$0 
$0 
$0 
$0 
$0 
$0 
$0 
$0 
$0 
$0 
$0 
$0 
$0 
$0 
$0 
$0 
$0 
$0 
$0 
$0 
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TABI.P. 7-2 ( 0 f K Hc, 1'1 B 1 ) 

SUHHARY OF GROUND IIATER CIlEHICAL ANALYSf.S AND CA'-CUI.AnD VAI,UES AT HINNE"POI,IS WATER SUPPLY INTAKE 
(all unit. mgtl) 

Background On-Site Source. !,:opertl Line Off-Site 

• 
Minnesota ~ater tnt~ke 

Highest l.owcst Highest l.owest Hlghe.t Lowest Highest Lo~est Average C,"1 lC\iiated--C.l}c-Ulated 
Hean Hean Hean Hean He.n Hean Hean Hean of All 

P., r;trtlet e r HCL HCI.C Value· Value v.,lu" V-'11ue Value Value Value Value ~:~Ans , 

Arsenic (As), Dissolved •• 0.050 0.050 P 0.011, < 0.005 < 0.005 < 0.005 < 0.005 < 0.005 < 0.005 < 0.005 0.0025 

8.1flum (Ra), DI •• olved' 1.0 0.136 0.064 0 • .165 0.034 0.106 0.061 0.111 0.032 0.073 

';',d",lum (Cd), Dissolved •• 0.01 0.005 P 0.0021 0.0008 0.0009 < 0.0001 0.0009 < 0.0001 0.0024 0.002 0.001 

Chromium (Cr), Dissolved" 0.050 0.12 P 0.002 < 0.001 0.005 0.001 O.OOZ < 0.001 0.003 0.002 0.002 

Corp~r (Cu), Dissolved •• NA 1. 3 r 0.006 0.001 0.009 < 0.001 0.009 < 0.001 0.004 0.002 0.003 
Lead (rb), DI.solved ,. 0.050 0;020 P 0.005 0.0(;1 0.005 < 0.001 0.003 < 0.001 0.011 0.002 0.004 

IlanganeAe (I{n), Olssolved" NA N" 1.960 0.876 \ .9/, 0.002 0.59) 0.003 0.920 0.034 0.111 

lkrcury (lIg), Dls.olved ,. 0.002 0.003 P < O.OO!' < 0.0004 < 0.0004 < 0.0004 < 0.0004 < 0.0004 < 0.0004 < 0.0004 0.0002 
lackel (I'll), Dissolved .. N" NA 0.031 < 0.001 0.072 < 0.001 0.0/,3 ( 0.001 0.012 < 0.001 0.022 
~elenlum (5e), DIssolved' 0.01 0.045 P 0.008 < 0.005 0.049 < 0.005 < 0.005 < 0.005 < 0.005 < 0.005 0.0025 
SII,.r (hg), Dissolved ,. 0.050 Nh 0.003 < 0.001 0.005 < 0.001 < 0.001 < 0.001 0.002 < 0.001 0.001 
ZInc (Zn), DlsAolved ,. NA NA ).81 I.B'o I,. ~ 2 < 0.030 0.909 0.086 4.11 \.03 2.13 

rCB 1242 N" a r 0.00011 0.00010 0.00017 0.00009 0.00015 0.00008 0.00010 0.00010 0.0001 
rcs 1248 NA 0 0.00010 O.OOOO? 0.00011 0.00009 .. 0.00010 0.00008 0.00010 0.00010 0.0001 
reB 1254 N" o P 0.00023 0.00010 0.00029 0.00009 0.00011 0.00008 0.00010 0.00010 0.0001 
reB 1260 IIA a p 0.00010 0.00009 0.00010 0.00009 0.00018 0.00008 0.00010 0.00010 0.0001 

1,1,1 trlchlorncth:1.ne 0.20 r 0.20 0.0025 0.0025 0.2667 0.0025 0.0616 0.0025 0.0056 0.0025 0.003 
1.1 ·r11chloro(!th.1"c IIA N" 0.0025 0.0025 0.05 1,0 0.0025 0.0065 0.0025 0.0025 0.0025 0.0025 
1,1 dlchloroethylcne 0.007 P 0.001 0.0025 0.0025 0.00)8 0.0025 0.0038 0.0025 0.0025 0.0025 0.0025 
Rentenp. 0.005 r a ·~0.0025 0.0025 -0.0072 0.0025 -0.0050 0.0025 0.0045 0.0025 0.003 

RI< (2 ethylhexyl) phthalate NA NA NA NA 0.0379 0.0013 0.0564 0.0008 NA NA NA 
Chloroform 0.10 IIA 0.0025 0.0025 0.00)8 0.0025 0.0038 0.0025 0.0025 0.0025 0.0025 
1,2 dlchloroethylene N" 0.07 P -"'0.0025 0.0025 0.3/,00 0.0025 -"0.2/,90 0.0025 2.51 0.0025 0.4)1 
F.thylhe,,?ene IIA 0.68 r 0.0025 0.0025 0.0655 0.0025 0.00)8 0.0025 .0.0025 0.0025 0.0025 
H~thylen~ chloride NA IIA 0.0056 0.0025 6.8408 0.007.5 0.0772 0.0025 0.0025 0.0025 0.0025 
Tetr_chloroethylene IIA a p ~0.0025 0.0025 '0.18)] 0.0025 "'0.055 / 0.0025 ~.0.0025 0.0025 0.0025 

T'Jble-I'Ie NA 2.0 I' "'0.0025 0.0025 "0.00(,7 0.0025 .0.0072 0.0025 ,0.0054 0.0025 0.003 
Trlchloroethyl~ne 0.005 I' a -o.13J(\G, 5) 0.0025 /.9167 0.0025 1.3321(6-5) 0.0033 :8. 2000 (SI» 0 .01)25 !. 85 

--- L-. 
-"'\D~ ________ 

• M~an v~lues m~y b~ less than detcctlo11 I1mlt9 becauge concentrations reported at lC~R thall detection lfmlt9 were incorporated lnto t11e me~n at 0.5 of the 
.~ Only one rOllnlt of !HHllpleg (NovClnhl!r 1986) were otnalyzcd for dissolved (norgAnLcn. DAta rre~f'!nted here are the highest and lo,-,est observed concent·rations 
P PrQPo<ed Haxlmum Co.tamlnsnt Level Goal. 

NA Not Av~11Rh\e. 
SO VaLue not ".l<."lnted because "o(f-slte Average" I. alreAdy at or below detection llmlt ~ calculated v.,I"e ltself is well below detectlon llmlt. 
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at 100% at lOt 
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TABLE 7-1 [<'11<, i 187 i 

MONITORING WELL DESIGNATIONS BY LOCATION 

De.signation 

1. Background 
(Off-site 
upgradient) 

2. On-site Sources 

3. Downgradient at 
Property Line 

4. Off-Site 
(Downgradient) 

Well 
Number 

12-S 
13-S 
14-S 
15-S 
16-S 

l-S 
1-D 
1-PC 
2-S 
2-D 
2-PC 
3-S 
5-D 
7-S 
8-S 

. FMC-33 
3-D 
3-PC 
4-S 
9-S 
10-S 

4-D 
4-PC 
5-5 
6-S 
6-D 
l1-S 

7-D 
8-D 
9-D 
17-S 
18-5 
19-5 
20-S 

A proximate Location 

Off-Site, NW of pits/ trenches 
Off-Site, N of pits/trenches 
Off-Site, N of pits/trenches 
Off-Site, NE of pits/trenches 
Off-Site, NE of pits/trenches 

E of pits/trenches 
E of pits/trenches 
E of pits/trenches 
E of pits/trenches 
E of pits/trenches 
S of pits/trenches 
S of pits/trenches 
N of pits/trenches 
N of pits/trenches 
S of pits/trenches 
S of pits/trenches 
E side of plant 
E side of plant 
E side of plant 
E side of plant 
Adjacent to Pre-1983 TCE tank 

SW Corner of plant 
SW Corner of plant 
SW Corner of plant 
SW Corner of plant 
SW Corner of plant 
SW Corner of plant 

W of property line 
SW of property line 
S of property line 
W of property line 
S of property line 
S of property line 
On FMC property 
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RATIO OF ESTIMATED HUHAN INTAKE 1. iABLISHED ACCEPTABLE INTAKE LEVELS* 
(for non-carcinogens) • 

Background On-Site Sources Area Property Lire Off-Site I'1/Anilt~'s "Tater Intake 
Highest lo;.rest Highest I.a..Rst Highest J..o..test Highest I..a..>est 
}~ ~ l-hm l-'JCall llian i-ban ~~ Mean 100 % 

Para.Ireter Well Well Well Well Well Well Well Well Dilution 

Bariun (S) - - - - - - - - -
(C) 13;6- r6.4' '-11).5' '3;4" 1O~6' 6:1, ILL, 3~2" ED, 

Cadmium (S) 0.21 0.00 0.09 0.005 0.09 0.005 0.24 0.2 BD 
(C) 0.21 0.08 0.09 0.005 ~ 0.09 0.005 0.24 0.2 ED 

:,A 

Chromiun (S) 0.CXXXX)4 O.(XXXX)l O.O(XX)l 0.cxxxx)2 O.CXXXXY .. 0.cxxxx)1 O.CXXXXXj O.CXXOY+ ID 
(C) 0.C0C04 . o.o:xxn O.()X)l 0.0CX)()2 O.CXXXY+ O.OO:X)1 0.00X6 0.c:x:xD4 . PD 

ilipper (S) 0.001+7 0.00157 0.00705 0.00039 0.00705 0.00319 0.00313 0.00157 BD 
(C) 0.0047 0.00157 0.00705 0.00039 0.00705 0.00319 0.00313 0.00157 ED 

Lead (S) - - - - - - - - -
(C) 0.104 0.0207 0.104 0.10'+ 0.cx)2 0.0104 0.228 0.041 PD 

}langanese (S) 0.107 0.0479 0.106 0.0001 0.0325 o.ocxn 0.0503 0.0019 0.OCC05 
(C) 0.258 0.115 0.256 0.0003 0.0782 0.0004 0.121 0.0045 0.(xx)13 

Vercury (S) 0.0029 0.0029 0.0029 0.0029 0.0029 0.0029 0.0029 0.0029 PD 
(C) 0.0029 0.0029 0.0029 0.0029 0.0029 0.0029 0.0029 0.0029 PD 

hlck.e1 (S) 0.0536 0.0007 0.104 0.0007 0.0523 0.0007 0.0029 0.0007 lID 
(C) 0.0107 0.0001 0.0208 0.0001 0.0125 0.0001 0.CXJ)6 0.00015 BD 

Selenium (S) 0.0725 0.0227 0.444 0.0227 0.0227 0.0227 0.0227 0.0227 PD 
(C) 0.0773 0.0242 0.474 0.0241 0.02/+1 0.02/·11 0.02/+1 0.0241 PD 

Silver (S) - - - - - - - - -
(C) - - - - - - - - -

Zinc (S) 0.526 0.254 0.610 0.0021 0.125 0.0119 0.651 0.142 O.(XX)7 
(C) 0.526 0.254 0.610 0.0021 0.125 0.0119 0.651 0.142 0.0007 

.. c.. I 1 

* Ratio is too estim3.te:! hurran intake divided by tl~ acceptable intake (values greater than 1 represent a health concern) 
- = Not Evaluated, "acceptable intake" values oot available 

(S) = Subchronic Exposure Risk 
(C) = Qrronic Exposure Risk 
BD = Not calculate:! because concentration \o\:1J.ld be ~ll below analytical detection limit 

10% 
Dilutioo 

-
0.1 

ED 
BD 

BD 
BD 

EO 
BD 

-
HD 

O.00J71 
0.0017 

ED 
ED 

BD 
ED 

ED 
ED 

-
-

0.007 
0.007 

.11Tyr. -_.: . ..l(\/.I i I'~ . 

'" 
'J 

". 
,1:, 

'\.-
'-. 
\.~ 
t;,.:~ 

N 

'
\; 



-...j 

I 

10 

(. • TABLE 7-3 (Cont'd) (0 F R' 1(., ,q ~ 1) 

RATIO OF ESTll1A'JEJ l[MAN L'ITAKE 'ill ESIABLISHill ACOPfABI.E INfAKE I.EVELS* 
(for ron-carc.inogens) 

• 
Backgrourrl (}a-Site Soorces Area Property Lire Off-Site rU.nresota ~.;rater Intake 

Highest LoNest Hlghest J..o;..1est Highest Lo;o.1est Highest I.o..>est 
~~ ~ i1ean Hean Hean Mean Hean Hean 100 i. 

Pat'<llreter Well Well Well Well Well Well Well Well Dituticn 

-1,1,1 tri- (S) - - - - - - - - - -
chloroe thare (C) 0.c(x)2 o.ocxxn 0.0014 0.CXXJ14 0.0033 0.(XX)l4 o.ron 0.00014 ED 

1,1 didlioroe- (S) 0.C(XX)9 0.CXXXX)6 0.0013 0.C0X>6 0.OCQ16 0.cxx::06 0.0:xx>6 0.C0X>6 BD 
ethane (C) 0.0C09 0.CXXX)6 0.013 0.0004 0.0016 0.0006 0.0006 0.0006 ED 

1, 1 didlioro- (S) - - - - - - - - -
etl¥!!¥! (C) - - - - - - - - -

Bis (2 ethyl- (S) - - - - - - - - -
hexyl) phthalate (C) - - - - - - - - -
Cis, 1,2 (S) - - - - - - - - -

dichloroethene (C) - - - - - - - - -

Ethylbenzene (S) O.CXXH O.co:xx:l8 0.0002 0.()X(X)8 0.00011 0.CXXXl8 0.CXXD8 0.CXXD8 BD 
(C) 0.001 0.CXXX)8 0.002 0.COOJ8 0.0011 0.0CQ3 0.0CQ3 0.0CQ3 BD 

i'lethylene (S) - - - - - - - - -
Olloride (C) 0.032 0.CXX>2 ",4.0'" 0.0015 O.O'¥l 0.0015 0.0015 0.0015 ED 

Toluene (S) 0.C(X)4 0.0C0J2 0.C(X)4 0.COO2 O.COOS 0.OC02 0.0))4 0.0C0J2 BD 
(C) O.CXXXJ 0.0C0J3 0.0007 0.OC03 0.OC07 0.OC03 0.CW6 o.<xxxn ED 

. -- .-. ................ 

*. Ratio is the estimated humm intake divided by tl-e acceptable Lltake (values greater than 1 represent a health concern) 
- = Not Evaluated, "acceptable intake" values rot available 

(S) = Suochronic Exposure Risk 
(C) = Chronic Exposure Risk 

BD = Not calculated l:ec.ause concentration wruld be ~ bew"" analytical detection limit 
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RANKING OF RISK INDICATOR 

CHEKICALS TCE, PCE, 1,2-DCE AND BENZENE 
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WllIlKSIII.ll J-3 

SCOlIlNCj 101\ INlllr.AIOI{ CIIlMICAI SIIIC:IIOH: 
CAlCUlAflON or (;1 AND I:; VAtUl:; I Of( CAHCINOl;rNIG UIICI:; 

-_ ... -_._-----

Chumical 

Grlllllld W" lor 
CI 

Max-- . HC" jJ-r·u s 

$lIrfacl! Wall!" 
GI 

!-iii ;(--\10" I'l! S 

.-. -. --------- ··-·------r·· .. ---.-.-.--.-----.------.---- .. -.... 
____ ZC~ __ .__ ~J_tt l flJ)f)5'J . ----- .. --.-.. 
_ ..L...A-,-<rkL.___ ) l.JL.L!f (lJJJ1Jl 1 I 

____ .-ll&f.tJ!.NJL___ ) \:, .. j?-'f -.lL / 

SIl i I . 
GI 

MOl x·--- - Itii II I'll S 

!.tl;!! H!!~; !.J mj~ 

I. iSl all or LlIl! d.emit:als lO lJU C()llsidl!/'l!1l as pillelllial t:an:ill()~ells. 

Air 
GI 

HOI..; - .. Hiij;,·os 

• 
._-----

-. liiliiu!--'i, f-·~/2Jf_.f: t!IP_o.e ___ .. __ _ 

ll;j·lU;·- --. //-'zt? -:-.fJ.I_. __ ._ . . ____ _ 

.. - A""IYSl:--··· ·~A'~l. ___ .. _____ . __ _ 
-·Qc·:· ----~i~.~Ut.Bf3. ____ _ -- -----_._--

I:; Va IlIll 
Mi'·X ---' - ill! p·,:·u s 

IClllallVll 
HOI"k 

1-,,,)( --··iiclJ I· I! ~ 

.L _ 
l 
:> 

~ 

-2_ 

2. Call:lllall! I:CIIIClHll,'illi()1I lillll!S lllXil!ilY (CI) valll!!s "sill~J till! illfllrmaLill1l frllm WII,·kslllll!!.5 ]-1 illill ]-7. CitlclllaLe a (;1 
uasell UII UlllII Lhe maximllm allil ruprus.crilalive CIHlclHllraLiulI fllr all media ill whieh lhc chcmical w;rs IICLCCllllJ. 

3. $um lhc <:1 valll!!s aerllss IIIIHlia, kcopin9 LlII! lWO typcs Ill' CllllcclIlraliuII sl!l'ar'all!. IIsc only lhc higlrcsl CI vaillc or 
Yl"IlIUld wCllur alld SII/'raeu Willll,' if. IJCIt"!, WlJrll COlltamillatcd, Hccon.l llro SIIIIIS ill till! IS columll. 

'I. Halik LlII! Cnlnl'lllllllls \laSed 11/1 \llllh Llwir llIa)tillllllll 111111 I'IlJl/'(!SClllalivu I:; vallllls. Also, clllllr lheir lI'A wci!jhL-llf-t:vidcllcc 
cllLcyury ill IHI/'ullthcsus fluxl tu lhoir c·allk: 

{\~liIJl1J·.! ! mi~ 

List all major asslllllptillllS mallu in t./cvlllllpillY llro datil rill' this wur.kslwe\,: 

(1) c T =- C L~f/t{ ~1A--I-"iJ,.dlt-~,){ pdC~d! -(;&7:;; W) 

/7) 1;2 - /)C'C- /~\ //(.'1 c1 (ls-lc<1 ./.I",._l!.,(! .. //c.( rdl'(,",',/t
r 7('~'·~ 

, 
c 
( 

" 

(, 

l' 
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TABLE E-1 

MEAN VOC CONCENTRATIONS 

A. Summary of All Sample Rounds 

Compound 

TCE 

PCE 

t-1,2-DCE 

Benzene 

B. Summary of 

Compound 

TeE 

PGE 

t-1,2-DCE 

Benzene 

Receptor Area Concentrations (ug/l) 

Background 

30 

a 

a 

a 

On-Site 

1850 

21 

55 

0.7 

November 1986 Sample Round 

Property Line 

280 

13 

63 

0.7 

Receptor Area Concentrations (ug/l) 

Background On-Site Propertl Line 

35 1048 769 

a 13 40 

a 78 4 

a a a 

1332.10 139:RTA:frid1124A 

Off-Site 

1580 

a 

374 

0.8 

Off-Site 

1866 

0 

62 

1 
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--~==========~----------------------------------SHEET ______ ~~~ ________ OF ___ ~ ____ _ 
1406 East Washington Avenue Suite 124 Madison, Wisconsin 53703 (608) 255·2134 
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• TCE :'To' 

.. LSQ ...... . 
,. 
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COMPUTATION SHEET 
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~~:;==::::::::~--~--------~~--------~~----__ --SHEET ______ ~3'-_________ OF __ ~3 ____ _ 
1406 East Washing/an Avenue Suite 124 Madison. Wisconsin 53703 (608) 255-2134 

PROJECT/PROPOSAL NAME 

~y;'$...:; =- - /;/ I J2(;/~ 
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f&!jJlf'"C 
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1406 East Washington Avenue Suite 124 Madison, Wisconsin 53703 (608) 255·2134 

COMPUTATION' SHEET 
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COMPUTATION . SHEET 
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//'/.-_ A 1,.,,-::'/"') 
L..'''-,- 1"..,.. I 1\ " .. , r-

j~.(';~:t!~JJ· ~k.~~~t!-·?/£~cj;m1t1 a. ;;;-7::/[1'/1 c;?I:tA-fL.}~~. 
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COMPUTATION SHEET 

-3) ____________________________________________________ SHEET ______________ ~_OF ______ __ 
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COMPUTATION SHEET 
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t ____ ~___;; : ; i,~ ... ----~-- : ' ; t : j ~-I--'-_-~ 
l, !, l ' ; . . i!! I! I I, l 
, : I 1 I . ' I! I I t 

f·\J:--~---7::_ --,--~-V ' /C 2t-... ·;-~ -. I' I -, -------;;;;;:.~----- -:--' c----;:;;.- ;.,-r----'<-/- -;--')'2'-7---:-7-:--1 
~-" _.~~~ __ L.~ __ C&£cSf{4r~I __ +Lt. __ "';_~I_ --1:-;--; ';f--,cqi? ~·:.t'C=:;---~~-fJ/T-!741 L!,"'-;!2"'~'-""l1'7"'l; 
I .' ;' A/,,; ~)!' t!... I; /"'? Y:-.(//6;" ';;hl"'" ~! , • 
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