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May 24, 1995
WCC Project 92KWO30R

Commander

U.S. Army Engineer District, Kansas City

ATTN: CEMRK-EP-EC (Ms. Rosemary Gilbertson)
700 Federal Building

601 East 12th Street

Kansas City, Missouri 64106-2896

Re:  Transmittal of Draft Final
Feasibility Study Report (Revision 2)
For Operable Unit No. 2 (Groundwater)
Former Nebraska Ordnance Plant, Mead, Nebraska
Contract No, DACA 41-92-C-0023

Dear Ms. Gilbertson:

We are hereby transmitting nine copies of the Draft Final Feasibility Study (FS) Report
(Revision 2) for the former Nebraska Ordnance Plant near Mead, Nebraska. The FS
Report (Revision 2) consists of a partial revision of the FS Report (Revision 1)
transmitted in December 1994. We are transmitting the revised material which should
be placed in the FS Report (Revision 1) binders according to the directions printed on
the blue sheets of paper. The attached revision summary lists the material included in
this transmittal. The remainder of the FS Report (Revision 2) consists of the
unchanged FS Report (Revision 1) material. Distribution of the remaining copies of
this document have been made in accordance with the attached distribution list.

Please contact us should you have any questions.

Very truly yours,

/ -

L e Sz
Douglas E. Fiscus. P.E. obert F. Skach

FS Task ILeader Project Manager

Enclosure

ES203(AFSREVZLTR

Woodward-Clyde Federal Services - A subsidiary of Woodward-Clyde Group, Inc.
10975 El Monte, Sutte 100 - Overland Park, Kansas 66211
(913) 344-1000 - Fax (913) 344-1012
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DEPARTMENT OF THE ARMY
KANSAS CITY DISTRICT. CORPS OF ENGINEERS
700 FEDERAL BUILDING
KANSAS CITY. MISSOURI 64106-2896

> REPLY TO
ATTENTION OF:

December 29, 1994

Hazardous, Toxic and Radioactive
Waste Branch

Mr. Michael Sanderson
Environmental Protection Agency
Region VII

726 Minnesota

Kansas City, Kansas 66101

Dear Mr. Sanderson:

Pleage find enclosed the revised Draft Final Feasibility
Study (FS}) for Operable Unit 2 (OU2) for the former Nebraska
Ordnance Plant.

As a result of extensive discussion and coordination among
our staffs since the previous June 1994 submission, I believe
this version reflects acceptable resolution of outstanding
iasues. However, because of the extensive changes in this
version (as a result of issue resolution), this submission more
closely resembles a draft document as opposed to a draft final.
I am also concerned with two other aspects of this version with
regard to evaluation of acceptability and ask that you consider
my concerns during your review.

a. In the absence of timely receipt of clarification of
State ARARg from the Nebraska Department of Environmental Quality
(NDEQ) , we prepared this FS based on our interpretation. We
criginally proposed the submittal date of December 30, 1994
conditioned on receipt of NDEQ ARAR’s interpretation by October
14, 1954, We received this requesgted information on December 23
1994 which did not allow sufficient time for analysis and
incorporation into this version of the FS. Thus, I do not expect
that the standard of an "acceptable FS" include an evaluation of
this information.

b. Because of the disapproval of our extension request for
the submission of the Draft Final Proposed Plan 60 days after
submission of this document, the Draft Final Feasibility Study,
we submitted a Proposed Plan on October 30, 1994, This
submission was out of the normal IAG and NCP sequence. Both the
Feasibility Study and Proposed Plan may now require further
revigsion to ensure consistency and mutual supportability.

BO7NE003702-08835
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In an effort to continue to focus efforts on remediation of
this site, I have instructed my staff to discuss these topics as
agenda items during the meeting here in Kansas City on January 19
1995, I am confident that our staffs will continue to attempt to
resolve these and any other issues or concerns.

Please call me if you have any questions or concerns
regarding this letter.

Sincerely,

&/aiél"j;? cac, 6~

Richard H. Goring
Colonel, Corps of Engineers
District Engineer
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DEPARTMENT OF THE ARMY
KANSAS CITY DISTRICT. CORPS OF ENGINEERS
700 FEDERAL BUILDING
KANSAS CITY. MISSOUR! €4106-2896

REFLY TO
ATTENTION OF:

December 29, 1994

Hazardous, Toxic and Radioactive
Waste Branch

Mr. Randall Wood

Director

Nebraska Department of Environmental Quality
The Atrium Building

1200 N Street, Suite 400

P.0O. Box 98922

Lincoln, Nebraska 68509-8922

Dear Mr. Wood:

Please find enclosed the revised Draft Final Feasibility
Study (FS) for Operable Unit 2 (0U2} for the former Nebraska
Ordnance Plant.

As a result of extensive discussion and coordination among
our staffs since the previous June 1994 submission, I believe
this version reflects acceptable resolution of outstanding
issues., However, because of the extensive changes . in this
version (as a result of issue resolution), this submission more
¢losely resembles a draft document as opposed to a draft final.
I am also concerned with two other aspects of this version with
regard to evaluation of acceptability and ask that you congider
my concerns during your review.

a. In the absence of timely receipt of clarification of
State ARARsS from the Nebraska Department of Environmental Quality
(NDEQ), we prepared this FS based on our interpretation. We
originally proposed the submittal date of December 30, 1994
conditioned on receipt of NDEQ ARAR’s interpretation by October
14, 1994, We received this requested information on December 23
1994 which did not allow sufficient time for analysis and
incorporation into thisg version of the FS. Thus, I do not expect
that the sgtandard of an "acceptable FS" include an evaluation of
this information.

bh. Because of the disapproval of our extension request for
the submission of the Draft Final Proposed Plan 60 days after
submission of this document, the Draft Final Feasibility Study,
we submitted a Proposed Plan on QOctober 30, 1994. This
submission was out of the normal IAG and NCP sequence. Both the
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Feasibility Study and Proposed Plan may now require further
revision to ensure consistency and mutual supportability.

In an effort to continue to focus efforts on remediation of
this site, I have instructed my staff to discuss these topics as
agenda items during the meeting here in Kansas City on January 19
1995. I am confident that our staffs will continue to attempt to
resolve these and any other issues or concerns.

Please call me if you have any Questions or concerns
regarding this letter.

Sincerely,

//{7&-’7 cde, oo

Richard H. Goring
Colonel, Corps of Engineers
District Engineer
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Woodward-Clyde @

Engingering & sciences applied to the earth & its environmen

December 29, 1994
WCC Project 92ZKWO30R

Commander

U.S. Army Engineer District, Kansas City

ATTN: CEMRK-ED-TD (Ms. Rosemary Gilbertson)
700 Federal Building

601 East 12th Street

Kansas City, Missouri 64106-2896

Re: Transmittal of Draft Final
Feasibility Study Report (Revision 1)
For Operable Unit No. 2 (Groundwater)
Former Nebraska Ordnance Plant, Mead, Nebraska
Contract No. DACA 41-92-C-0023

Dear Ms. Gilbertson:

We are hereby transmitting nine copies of the Draft Final Feasibility Study (FS) Report
(Revision 1)} for the former Nebraska Ordnance Plant near Mead, Nebraska. Distribution
of the remaining copies of this document has been made in accordance with the attached
distribution list.

Please do not hesitate to contact us should you have any questions.

Very truly yours,

T o,

Douglas E.'Fiscus, P.E.
FS Task Leader

Mh;ﬁ _

Project Manager

Enclosure

Woodward-Clyde Consultants - A subsidiary of Woodward-Clyde Group, Inc.
10975 E| Monte, Suite 100 - Overland Park, Kansas 66211
{913) 344-1000 - Fax (913) 344-1011
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LIST OF ABBREVIATIONS, ACRONYMS, AND TERMS

The following abbreviations, acronyms, and terms are commonly used in environmental
reports, work plans, and guidance documents. Not all of these abbreviations, acronyms,
and terms have been used in this document. They are listed here as an aid to the reader

because they are in common use in the industry or are specific to the subject of this

document.
Term Definition
2-ADNT 2-Amino-4,6-dinitrotoluene
4-ADNT 4-Amino-2,6-dinitrotoluene
ARARs Applicable or Relevant and Appropriate Requirements
ARDC Agriculture Research and Development Center of the University
of Nebraska, formerly the University of Nebraska Field
Laboratory (UNFL)
ASTM American Society for Testing and Materials
ATSDR Agency of Toxic Substance and Disease Registry
bgs below ground surface
BOD Biochemical Oxygen Demand
BRA Baseline Risk Assessment
CDAP Chemical Data Acquisition Plan
CCL CompuChem Laboratories, Research Triangle Park, North
Carolina
CDI Chronic Daily Intake
CERCLA Comprehensive Environmental Response, Compensation, and
Liability Act of 1980
CFA Continuous Flight Augers
CFR Code of Federal Regulations. The CFR are published in
numbered titles such as 40 CFR and numbered parts such as
40 CFR 280.
CHSO Corporate Health and Safety Officer
CLP Contract Laboratory Program. Protocol for chemical analysis
and documentation promulgated by EPA for laboratories under
contract to EPA or other laboratories used for CERCLA Sites.
CcOC Chemical of Concern
CRP Community Relations Plan
CTV Critical Toxicity Value

B0 s ACE 0522795 l
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Term
DCA
DCE
DERP
DNAPL
DNB
2,4-DNT
2,6-DNT
DoD

DO
Donohue

DQO
ECD
EP
EPA or USEPA
ER
ESE
FID
FP

FS
FSP
FUDS
GC
GPD
GSA
HI
HMX
HNu

HQ
HSA
HSO
HTW
IAG
i.d.
IDW

E 0300 ES2 ACE Q5722795

Definition

1,1-Dichloroethane

cis-1,2-Dichloroethene

Defense Environmental Restoration Program
Dense, Non-Aqueous Phase Liquid

Dinitrobenzene

2.4-Dinitrotoluene
2.6-Dinitrotoluene
Department of Defense
Dissolved Oxygen

SEC Donohue, Inc. (formerly Donohue & Associates, now
RUST Environmental and Infrastructure)

Data Quality Objectives

Electron Capture Detector

Extraction Procedure

U.S. Environmental Protection Agency
Electrical Resistive Logging Device
Environmental Science and Engineering, Inc.
Flame Ionization Detector

Field Protocols (CDAP, Part II)

Feasibility Study

Field Sampling Plan
Formerly Used Defense Site
Gas chromatograph

Gallons per day

General Services Administration

Hazard Index

Octahydro-1,3,5,7-tetranitro-1,3,5,7-tetrazocine

Portable organic vapor analyzer using a PID manufactured by

HNu Corporation.

Hazard Quotient

Hollow-Stem Augers
Health and Safety Officer
Hazardous/Toxic Waste

Interagency Agreement

inside diameter

Investigation - Derived Waste

il
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Term - Definition

IF Intake Factor

K Hydraulic conductivity

Ky Distribution coefficient

K, Organic carbon partition coefficient

Kow Octanol-water partition coefficient

Law Law Environmental, Inc., Albuquerque, New Mexico
Load Line Bomb Load Line (No. 1, 2, 3, and 4)

LOAEL Lowest-Observed-Adverse-Effect-Level

MCL Maximum Contaminant Level

mg/kg Milligrams per kilogram {ppm by weight) equivalent to pg/g
mg/L Milligrams per liter (ppm)

MRI Midwest Research Institute, Kansas City, Missouri
MSL Mean Sea Level

MTV Mobility, Texicity, and Volatility

MW Monitoring Well (Groundwater)

NAPL Non-Aqueous Phase Liquid

NCP National Contingency Plan

NDEQ Nebraska Department of Environmental Quality
NDOH Nebraska Department of Health

NOAA National Oceanic and Atmosphere Agency
NOAEL No-Observed-Adverse-Effect-Level

NOP Nebraska Ordnance Plant

NPL National Priorities List

NRD Lower Platte (North) Natural Resources District
OAC Ordnance Ammunition Command

o.d. outside diameter

ORP Oxidation Reduction Potential

OSWER Office of Solid Waste and Emergency Response
ou Operable Unit

Ooul Operable Unit 1 (Soils)

ou2 Operable Unit 2 (Groundwater)

Oous3 Operable Unit 3 (Landfill and any currently unidentified

disposal areas)

OVA Organic Vapor Analyzer

OVM Organic Vapor Monitor

Ortek Ortek Environmental Laboratories
CA920302FS2ACE 052295 iii
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Term Definition

PA Preliminary assessment

PCB Polychlorinated biphenyl

PCE Tetrachloroethene (tetrachlorocthylene) (also known as

perchloroethylene)

PES Plains Envirommental Services, Inc., Salina, Kansas
PHSO Project Health and Safety Officer

PID Photo ionization detector

POTW Publicly Owned Treatment Works

ppb Parts per billion (ug/kg and pg/l)

PPE Personal Protective Equipment

ppm Parts per million (mg/kg and mg/L)

PVC Polyvinyl Chloride

PWP Project Work Plan

QA/QC Quality Assurance/Quality Control

QAP Quality Assurance Plan (CDAP, Part III)

QCRs Quality Control Reports

RA Remedial Action

RAO Remedial Action Objective

RAGS Risk Assessment Guidance for Superfund

RD Remedial Design

RDA Recommended Daily Allowance

RDX Hexahydro-1,3,5-trinitro-1,3,5-triazine

Region VII EPA Region VII

RIC Reference Concentration

RfD Reference Dose (Subchronic)

RI/FS Remedial Investigation/Feasibility Study

RI Remedial Investigation

RME Reasonable Maximum Exposure

ROD Record of Decision

RUST Rust Environment and Infrastructure (formerly SEC Donohue)
SARA Superfund Amendments and Reauthorization Act of 1986
SCBA Self Contained Breathing Apparatus

SEC Donohue SEC Donohue, Inc. (formerly Donohue & Associates, now Rust

Environment and Infrastructure)

SF Slope Factor

SHERP Safety, Health, and Emergency Response Plan document
FAPUS0MES? ACE 08722095 iv
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Term
SI

Site
SPO
SPT
SSO
S5VOoC
T
TAL

TBC

TC

TCA
1,1,1-TCA
TCE

TCL

TCLP

TCO
TCT
TDS
THC

USACE
USATHMA
USC

USDA
USDHHS

USEPA or EPA
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Definition

Site Inspection

Former Nebraska Ordnance Plant (NOP) NPL Site
Sampling Plans and Objectives (CDAP, Part I)
Standard Penetration Test

Site Safety Officer

Semivolatile Organic Compound

Transmissivity

Target Analyte List. EPA’s list of hazardous inorganic
compounds (see CDAP Part II)

To Be Considered

Toxicity Characteristics (Reference: 40 CFR 261.24)
Trichloroethane (all isomers)

1,1,1-Trichloroethane

Trichloroethene (trichloroethylene)

Target Compound List. EPA’s list of hazardous organic
compounds (see CDAP Part III)

Toxicity Characteristic Leaching Procedure (Reference:
40 CFR 261-Appendix II, SW 846 Method 1311)

Total Chromatographable Organics
Twin City Testing

Total Dissolved Solids

Total hydrocarbons (quantitated as diesel)
Total Kjeldah! Nitrogen
1.3.5-Trinitrobenzene
2.4,6-Trinitrotoluene

Total Organic Carbon

Total Organic Halides

Total Suspended Solids

Upper Confidence Limit

University of Nebraska

United States Army Corps of Engineers

United States Army Toxic and Hazardous Materials Agency

Unified Soil Classification System

United States Department of Agriculture

United States Department of Health and Human Services
United States Environmental Protection Agency
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Term Definition

USFWS United States Fish and Wildlife Service

uv Ultraviolet

UXO Unexploded Ordnance

VOA Volatile Organic Analysis

vOC Volatile Organic Compound

wC Woodward-Clyde

WCC Woodward-Clyde Consultants

WwWQl First set of general water quality parameters collected during the
RI1

wQ2 Second set of general water quality parameters collected during
the February 1993 groundwater sampling event for the FS

ng/L Micrograms per liter (ppb by volume)

pgkg Micrograms per kilogram (ppb by mass)
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1.0
INTRODUCTION

1.1 PURPOSE AND ORGANIZATION OF REPORT
1.1.1 Purpose

This Feasibility Study (FS) Report for Operable Unit No. 2 (OU2) of the former Nebraska
Ordnance Plant (NOP) near Mead. Nebraska, (Site)} has been prepared by Woodward-
Clyde Consultants (WCC) under Contract No. DACA 41-92-C-0023 for the U.S. Army
Corps of Engineers (USACE), Kansas City District. This report was prepared in
conformance with the Comprehensive Environmental Response, Compensation and
Liability Act (CERCLA). amended by the Superfund Amendments and Reauthorization
Act (SARA), and its governing regulations, the National Contingency Plan (NCP). 40 CFR
Part 300. Under CERCLA, uncontrolled hazardous waste sites which may pose risks to
public health or the environment due to contamination of environmental media (such as
groundwater or soil) are studied through the Remedial Investigation/Feasibility Study
(RI/FS) process. The purpose of the Rl 1s to characterize the nature and extent of
contamination. The purpose of the FS is to develop and evaluate remedial action
alternatives that address potential risks and comply with regulatory requirements. The FS
process is based on technical. environmental, public health, and economic considerations
so that an informed risk management decision can be made concerning selection of the
most appropriate remedial action for a site.

The scope of work for this FS is described in the Feasibility Study Work Plan (WCC,
1992b) prepared by WCC and approved by USACE. U.S. Environmental Protection
Agency (EPA). and the Nebraska Department of Environmental Quality (NDEQ).

1.1.2 Interagency Agreement

According to an Interagency Agreement (EPA. 1991g) between the EPA. NDEQ. and
USACE. the Site is divided into three operable units {OUs). Operable units are defined
to streamline remedial activities for specific contaminated media. Remedial response

E 9MWMIYESY ACE (87205 }-1
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actions at the Site will be based upon the assignment of contaminated media to these
operable units. OUI1 includes explosives-contaminated soil which pose an unacceptable
risk to human health. OU2 includes contaminated groundwater, and OU3 includes the
former landfill located near the Wastewater Treatment Plant and any other disposal areas
not included in the first two OUs.

Although the intent of dividing the Site into three OUs was to streamline remedial
activities, the OUs share some common contaminants and contaminated media which
requires coordination between the activities associated with each OU. The specific
investigations that correspond to each of the OUs are listed in the following table.

Operable
Unit Media Investigation Areas Investigation Target Analytes
oul soil Administration Area explosives. metals, polvchlorinated
biphenyls {PCBs)
Ammonjum Nitrate Plant PCBs
Bomb Boosier Area explosives, metals
Burning/Proving Grounds explosives, volatile organic
compounds (VOCs), semi-volatile
organic compounds (SVQCs),
PCBs/pesticides, metals/cyvanide
Load Lines 1.2.3 and 4 explosives, metals. PCBs
Atlas Missile Area trichloroethene (TCE}
surface water, Johnson Creek explosives., metals, nitrates/nitrites,
sediment VOCs
ou2 s0il Administration Area VOUCs, SVOCs, pesticides,
metals/cyanide at locations not
sampled during QU1
Atlas Missile Area VOCs
Load Line 1 VOCs
soil gas Administration Area VOCs
Atlas Missile Area VOCs
Load Line 1 VOCs
groundwater Administration Area VOCs. SVOCs, explosives,
pesticides/PCBs. metals/cyanide
Atlas Missile Area VOCs. explosives
Bomb Booster Area VOUCs, explosives
E 920302 FS2 ACE 05722705 1-2
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Operable

Unit Media investigation Areas Investigation Target Analytes
Landfill Area VOCs, SVOCs, explosives,
pesticides/PCBs, metals/cyanide.
radionuclides
ouz groundwater Load Lines 1,2.3 and 4- VOCs, expilosives
(Cont.} {Cont.)
Platte River Altuvial Aquifer VOCs, explosives
ou3 soil Waste Disposal Areas VOCs, SVOCs, metals, PCBs,
explosives,
Burning Grounds, Proving VOCs, SVOCs, metals, explosives
Grounds, Demolition Grounds,
Demolition Arcas
groundwater  |Landfill Area Ammonium Nitrate thiodiglycol nitrates/nitrites
Plant, Load Lines 1, 2, 3, and 4 metals
soil and Underground Storage Tanks SVOCs; benzene, toluene,
groundwater ethylbenzene, xylene (BTEX); total
petroleum hydrocarbons (TPH)
sediment Johnson and Silver Creeks VOUCs, SVOCs, metals, explosives

surface water

Johnson and Silver Creeks

VOCs, SVOCs. metals, explosives

building surface
materials

Load Lines and Igloo Storage
Buildings

explosives and metals

A Proposed Plan for OU1l was issued in May 1994 (RUST, 1994b).

The potential

remedial actions for OUI have been identified as the following:

e & & @

s  Alternative 5:

Alternative 1:
Alternative 2:
Alternative 3:
Alternative 4.

No Action
Biological Treatment

On-Site Thermal Treatment
On Site Landfill,

Monitoring

Off-Site Landfill

Deed Restrictions and Groundwater

The OU1T Proposed Plan identified incineration as the preferred alternative for explosives-
contaminated soil which poses a risk to human health through ingestion. Explosives-
contaminated soils will be excavated to a maximum depth of 4 feet as a part of OU1. The

OU1 Record of Decision and Responsiveness Summary are currently being developed.

Potential remedial actions for OU2 are developed and evaluated in this FS Report.

E RInin 2 FRM ACE
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Potential soil contamination by metals and cyanide is being evaluated under OU3., PCBs
were addressed under a separate removal action which was completed in the fall of 1994,
As a result of the coordination between OUs, further evaluations will be performed during
the OU3 RI. Potential remedial actions for QU3 have not yet been identified.

1.1.3 FS Report Overview

The goal of an FS is to develop alternatives that provide a remedial action which is
implementable, performance-oriented, cost-effective, and results in adequate protection of
public health and the environment. There are three phases to an FS: the identification and
screening of technologies, the development and screening of alternatives, and the detailed
analysis of altermatives.

Section 1.0 summarizes the purpose and organization of this report and presents brief
summaries of the site history, site background. nature and extent of contamination, and the
fate and transport mechanisms. Section 2.0 presents the identification and screening of
remediation technologies. The factors to be considered in the identification and screening
of technologies are also discussed in Section 2.0, namely the remedial action objectives
(RAOs), areas and volumes of contamination, and general response actions. Section 3.0
describes the development and screening of the remedial alternatives applicable to the
affected media (soil and groundwater} at the Site. Section 4.0 analyzes the remedial
alternatives according to criteria defined by EPA. Section 5.0 presents a cost-effectiveness
analysis for the remedial alternatives described in Section 4.0. Section 6.0 briefly
describes the next steps in the process: the acquisition of additional data. the remedial
design/remedial action (RI/RA) process, and a generalized schedule for implementing
RD/RA. Section 7.0 lists the references used in preparing this FS.

1.2 SITE BACKGROUND
1.2.1 Site Description
The Site is located approximately % mile south of Mead and 30 miles west of Omaha in

Saunders County, Nebraska. Currently the land is owned by the University of Nebraska.
Agricultural Research and Development Center (ARDC), U.S. Army, U.S. Department of

E 92030 2 FS2ACE 05722085 1-4
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Commerce, and private interests, Drawings 1-1 and 1-2 show the Site location and
physical features, respectively.

1.2.2 Site History

This section is a summary of the Site History discussion from the Rl Report (WCC,
1993c).

During World War II, the production facilities were operated from 1942 to 1945 by the
Nebraska Defense Corporation, a Department of Defense {DoD) Contractor and subsidiary
of Firestone Tire and Rubber Company. The former NOP was comprised of an
Administration Area, an Ammonium Nitrate Plant, a Bomb Booster Assembly Plant. four
Bomb Load Lines, Demolition Grounds, a sewage treatment plant, analytical laboratories.
a laundry. vehicle and equipment maintenance shops, a landfill, Burning Grounds. Proving
Range. and several square miles of bermed storage igloos and magazines located north and
south of the load lines (Drawing 1-2).

Production was terminated and decontamination procedures were implemented during the
interim period 1945 through 1949, and the NOP was placed on standby status.
Decontamination procedures included cleaning, flushing. and sweeping of floors. rafters,
pipes. and ventilation systems, flushing of contaminated ditches, and removal and burning
of contaminated soils. At the North and South Burning Grounds near the Landfill Area,
340.000 pieces of ordnance were destroyed in 1946 (SEC Donochue, 1992). Tetryl
boosters were desiroyed at the Demolition Ground. which is located in the southwestern
portion of the Site. The NOP was reactivated in 1950 in order to produce weapons for
the Korean Conflict. In 1956, the NOP was again placed on standby status.

In 1959, approximately 960 acres were transferred to the U.S. Army Reserve for training
grounds: 2.000 acres were granted to the U.S. Air Force for a missile site: and 40 acres
were transferred to the Department of Commerce. From 1959 to 1960, the Offutt Air
Force Base Missile Site S-1 launch area (Atlas Missile Area) was built on 1,185 acres
north of Load Line 4. TCE was used during construction to degrease and clean pipelines
used to carry liguid oxygen fuel for missiles. The missile silos were abandoned in 1964
and the Launcher Area and the Nike Area were transferred to the Nebraska National

E-GX302FSTACE (572295 1-5
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Guard. U.S. Army activities included Nike missile maintenance at the former heavy
equipment garage north of Load Line 1. The U.S. Air Force also occupied 34 acres of
the northern portion of Load Line 1 for use as a "Tech Area” (ESE, 1983). The north end
of Load Line 1 was also known as the Air Force Ballistic Missile Division (AFBMD)
Tech Area.

In 1962, approximately 9.000 acres of the Site were purchased by the University of
Nebraska for use as the ARDC. An additional 600 acres were purchased in 1964 for the
ARDC. The remaining 35,000 acres were purchased by private individuals and
corporations. A fireworks company operated for approximately 20 years at the former
Bomb Booster Assembly Plant (Bomb Booster Area) until 1989. Two commercial
enterprises currently manufacture insulation board and processed styrofoam packing
material at the former administration buildings (Administration Area). The Site was
placed on the National Priorities List (NPL) in August 1990.

1.2.3 Previous Investigations

Soil

The following discussion of investigations of contaminated soil at the Site is summarized
primarily from the OUl FS Report (RUST, 1994a).

In 1983, an Archives Search Report prepared by Environmental Science and Engineering
(ESE) for the U.S. Army Toxic and Hazardous Materials Agency (USATHAMA)
concluded that the Site areas with the greatest potential for contamination were the four
load lines. the Bomb Booster Area, and the Burning/Proving Groundsl (ESE, 1983).

A Confirmation Study conducted by USACE in 1989 concluded that explosive residues
are present in soil in some areas around Load Lines 1, 2, and 3. Additionally, VOCs were
detected in soil samples from other areas. and a summary of previous investigations in the
Confirmation Study Report showed that PCBs were detected in surface soil samples
adjacent to locations of former electrical transformers. Refer to the Confirmation Study
Report (USACE, 1989) for complete details.

E 970302 FS2 ACE 052295 1-6
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A preliminary ordnance assessment conducted in 1991 concluded that TNT was visibly
present, or present in soil at concentrations greater than two percent by weight at portions
of Load Lines 1, 2, and 3 and the Burning/Proving Grounds (TCT, 1991).

USACE initiated the OUI RI in 1991. Soil samples collected from the four load lines
confirmed the presence of explosives contamination in Load Lines 1, 2, and 3 and PCB
contamination at the locations of former electrical transformers in Load Lines 1. 3. and
4. Isolated locations of elevated metals concentrations were also detected. Refer to the
Remedial Investigation Report (USACE, 1991) for a complete discussion of the
investigation.

in 1992, a supplemental OUl RI was conducted by SEC Donohue under contract to
USACE. The purpose of the supplemental Rl was to more completely characterize the
horizontal and vertical extent of explosives-contaminated soil at the Site. The detailed
results of the Rl are presented in SEC Donohue (1992).

The results of the preliminary ordnance assessment, confirmation study, remedial
investigation, and supplemental remedial investigation indicate that explosives
contamination in soil is mostly limited to drainage ditches and sumps in the load lines.
Explosives contamination in areas outside the ditches and sumps occur in isolated
locations. In the load lines and the Bomb Booster Area. the contamination is believed to
have originated from discharge of wash water from the ordnance manufacturing process.
In the Bumning/Proving Grounds, testing and burning activities probably contributed to soil
contamination. No significant explosives contamination was identified in soils outside of
the production areas or the Burning/Proving Grounds.

Ninety-one percent of the explosives-contaminated soil is found within 4 feet of the
ground surface. but the maximum depth of contamination measured and detected in these
studies is approximately 30 feet. Explosives compounds detected include:

* 2.4 .6-Trinitrotoluene (TNT)
* Hexahydro-1.3.5-trintro-1.3.5-triazine (royal demolition explosive or RDX)
* 1.3-Dinitrobenzene (DNB)
® 2.4- and 2.6-Dinitrotoluenes (DNT)
* 1.3.5-Trinitrobenzene (TNB)
E 9030 2FS2ACE Q51295 1-7

BO7NE003702-08867



Octahydro-1,3,5,7-tetranitro-1,3,5,7-tetrazocine (high melt explosive or HMX)
n-2,4,6-Tetranitro-n-methylaniline (tetryl)

o-Nitrotoluene

m-Nitrotoluene

p-Nitrotoluene

The QU1 Supplemental RI Report (SEC Donohue. 1992) included an evaluation of metals
in soils. The nature and extent of metals contamination was assessed by identifying
measured soil concentrations exceeding five times the mean measured background
concentrations {or in some cases the reported average concentrations for U.S. soil). The
majority of detected metals were not significantly above background. Two areas of
elevated concentrations of chromium and silver/mercury were identified. These two areas
do not appear to be co-located with explosives and will, therefore, be evaluated in OU3
as previously unidentified potential disposal areas. Twenty-three locations were identified
where lead exceeded five times the background concentration. The EPA uptake-biokinetic
model, used to evaluate the risks due to lead contamination in the soil. showed that two
isolated areas may be of potential concern. However, the actual risk depends on the extent
of the lead contamination, which will be investigated as part of OU3. It was also
concluded that VOCs are not generally co-located with explosives. Endrin aldehyde was
detected in one soil sample and ubiquitous phthalate semi-volatile organic compounds
(SVOCs) were detected in some soil samples.

Groundwater

Groundwater sampling was initiated during the Confirmation Study (USACE, 1989).
Samples were collected from 25 monitoring wells installed during the Confirmation Study
and from water supply wells. These samples were analyzed for VOCs. explosives, metals
(monttoring wells only). and pesticides/PCBs (water supply wells only}. In a subsequent
sampling event, additional water supply wells were sampled. RDX, TNT, and TCE were
identified in groundwater samples from monitoring wells, and RDX and TCE were
detected in water supply well samples. Some of the TCE concentrations exceeded the
Maximum Contaminant Limit (MCL) of 5 micrograms per liter (ug/L). and some of the
RDX concentrations exceeded the lifetime Health Advisory (2 pg/L). PCBs, pesticides,
and petroleum hydrocarbons were not detected. and metals concentrations did not exceed
MCLs. As a result of Confirmation Study. carbon filtration systems were installed at two
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residences and the ARDC Agronomy Building. Additionally, two ARDC water supply

wells were removed from service.

In late 1989 and carly 1990, a soil gas survey was conducted by Law Environmental under
contract to USACE to evaluate areas of soil that may be contributing TCE contamination
to groundwater (Law Environmental, 1990). Analysis for petroleum hydrocarbons was
also performed. Approximately 10 areas were investigated during the survey, and while
TCE and other VOCs and petroleum hydrocarbons were detected in the two intervals
which were sampled, source arcas were not definitively identified.

USACE installed and sampled 14 monitoring wells during the final stages of the QU1 Rl
but the results are not discussed in the RI Report (USACE, 1991). These wells were
sampled during the OU2 R, and the results are included in the OU2 RI Report (WCC.
1993¢).

In 1992, an OU2 RI was conducted by WCC under contract to USACE. The primary
purpose of the OU2 RI was to evaluate the nature and extent of potenttal chemicals of
concern (COC) in the groundwater at the Site atiributable to past DoD) activities. The
secondary objective was to evaluate the nature and extent of VOC contamination in soils
at three areas (Administration Area. Atlas Missile Area, and the AFBMD Tech Area) to
assess whether or not these contaminants are possible continuing sources of VOCs in the
groundwater. The OU2 Rl was conducted in two phases. Phase | included soil gas
sampling, soil sampling, groundwater headspace analysis. Hydropunch® groundwater
sampling. borehole geophysics, and groundwater monitoring well installation and
sampling. The groundwater headspace screening for VOCs provided information which
assisted in locating the 89 monitoring wells installed during the first phase. Phase Il
included soil and soil gas sampling at Load Line 1, and a second round of groundwater
sampling.

Subsequent to the QU2 R, an Additional Field Investigation (AFI) was conducted 1o
confirm the extent of contamination along the leading edges of groundwater contamination
in the Todd Valley and the Platte River Valley. Groundwater samples were collected for
headspace gas analysis and eight monitoring wells were instalied. The details of the AFI
are in the AF1 Technical Memorandum (WCC, 19931),
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Groundwater samples were collected from all of the 136 monitoring wells on a quarterly
basis beginning during the RI (August 1992) and continuing for one year. The results are
discussed in the Quarterly Groundwater Sampling Report (WCC, 1993b). The analytical
parameters arc tabulated in Table 1-1. the soil gas results are summarized in Table 1-2,
and the groundwater results are summarized in Table 1-3. The locations of all monitoring
wells is shown on Drawing 1-3, the soil gas results are presented on Drawing 1-4 through
Drawing 1-6, and the groundwater results are presented graphically on Drawing 1-7
through Drawing 1-21. The estimated horizontal extent of TCE in shallow groundwater
monitoring wells is shown on Drawing 1-7, the extent of TCE in intermediate wells is on
Drawing 1-8, and the extent of TCE in deep wells is on Drawing 1-9. The estimated
horizontal extent of RDX in groundwater monitoring wells is shown for shallow wells on
Drawing 1-10 and for intermediate wells on Drawing 1-11. The locations of the cross
sections which define the vertical extent of TCE and RDX are depicted in Drawing 1-12.
The vertical extent of TCE is shown on Drawings 1-13, 1-18, and 1-21. The vertical
extent of RDX is shown on Drawings 1-10, 1-11, 1-14 through 1-17, 1-19 and 1-20.
Continued quarterly sampling of selected monitoring wells is ongoing as described in
modifications to the Chemical Data Acquisition Plan (WCC, 1994¢).

Outside of OU2 investigations, groundwater samples have been collected from water

supply wells at. and in the vicinity of the Site. Those sampling results are summarized
in Table 1-4.

1.2.4 Geology/Hydrogeology

The following discussion is a summary of Site geology/hydrogeology. Refer to the QU2
RI Report (WCC, 1993c¢) for complete details.

The Site is located in the Todd Vallev, an abandoned alluvial valley of the ancestral Platte
River. The thickness of unconsolidated material above bedrock at the Site ranges from
approximately 81 feet to 157 feet. The unconsolidated material consists of topsoil, loess,
sand. and gravel. The uppermost bedrock is the Omadi Shale in the northwest and the
Omadi Sandstone in the southeast.
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Three aquifers are present at the Site: the Omadi Sandstone aquifer, the Todd Valley
aquifer, and the Platte River alluvial aquifer. Three aquitards are present: the
Pennsylvanian shales, the Omadi Shale, and the Platte River aquitards. Where the Omadi
Shale is absent, the Omadi Sandstone and Todd Valley aquifers are in hydraulic
communication and behave as a single aquifer without hydraulic barriers.

The water-bearing portions of the unconsolidated material in the Todd Valley are divided
into two units, an upper fine sand unit and a lower sand and gravel unit. During the OU2
RI. the sand and gravel unit was found to range from 17.5 to 72 feet thick and the fine
sand unit was found to range from 12 to 77 feet thick. The upper fine sand unit is
overlain by 4 to 23 feet of the Peoria Loess.

The sands and sandy gravels of the Platte River Valley, which range from 39 to 49 feet
thick, were not deposited at the same time as the sands and gravels of Todd Valley.
Overbank silts and clays ranging from 10 to 17 feet thick overlie the Platte River alluvial

sands.

The water table surface of the Todd Valley slopes toward the south-southeast. A major
zone of groundwater discharge is located along the western side of the Platte River
Floodplain in the southeastern portion of the Site. East of Johnson Creek, the water table
surface of the Platte River alluvial aquifer slopes to the south, paralleling the Platte River
Valley.

1.2.5 Nature and Extent of Contamination

Results of soil investigations conducted by TCT (TCT. 1991), USACE (USACE 1989 and
1991), and RUST (RUST 1994a and 1994b) indicate that explosives contamination in soil
is mostly limited to drainage ditches and wash water sumps in the load lines. Explosives
contamination in areas outside the ditches and sumps occurs in localized areas. In the load
lines, the contamination is believed to have originated from discharge of wash water from
the ordnance manufacturing process. In the Bomb Booster Assembly Area. activities
involved in the manufacture of boosters potentially caused contamination. In the
Burning/Proving Grounds, testing and burning activities probably caused the soil

contamination. No significant explosives contamination was identified in the
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Administration Area. Most of the contaminated soil is found within 4 feet of the ground
surface, but the maximum depth of contamination detected is approximately 30 feet.

The OU2 RI identified four areas of groundwater contamination or four groundwater
contamination plumes. A separate source area has been identified for each plume. Two
of the plumes consist of explosives contamination (primarily RDX) and two of the plumes
consist of primarily TCE-contaminated groundwater.

Groundwater contamination was found more extensively and at higher concentrations in
the upper fine sand units relative to the underlying sand and gravel units. Generally. the
least contamination was found in the deepest of the three aquifers, the Omadi Sandstone
aquifer.

Data collected during the OUl RI and OU2 RI were used to characterize the potential for
the Atlas Missile Area and the north end of Load Line 1 {(AFBMD Tech Area) to be
sources of TCE in the groundwater. The characterization of source areas was inconclusive
with regard to active sources. An effective investigation methodology is not available to
further evaluate the source potential. Therefore, remedial actions to address volatile
organics in soil vapor are not currently warranted. A pilot-scale soil vapor extraction
{SVE) study will be conducted, and the study will have two purposes:

» Characterize the potential of the two areas with respect to the recovery of TCE
from soil gas.

« Evaluate the SVE performance for site specific conditions.

1.2.6 Environmental Fate and Transport

The fate and transport of the explosive compounds present in soil at the Site are
determined primarily by adsorption. biodegradation., and photodegradation.  Some
biotransformation of TNT, RDX, DNT, and tetryl may occur, however. photolysis will
only be potentially significant in surface waters. The explosive compounds at the Site.
therefore, will likely persist in surface soil and slowly leach into the groundwater. Soil
sample results from QUL and groundwater data from OU2 support this. Refer to the OU1

FS (RUST. 1994a) for a discussion of the fate and transport analysis of explosives in soil
at the Site,
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The fate and transport of potential contaminants in groundwater were analyzed in the OU2
Rl to ideniify off-site areas potentially affected by contamination and to estimate
contaminant concentrations in those areas. The fate and transport analysis was a multiple
step procedure which consisted of screening the potential routes of contamination,
identifying the persistence of the contaminants inh terms of their physicochemical
properties, and quantitatively simulating contaminant migration for the predominant
transport mechanisms identified during the screening process. The contaminant transport
- analysis was evaluated for the sand and gravel unit of the Pleistocene aquifer where the
groundwater velocity was estimated to be higher relative to the overlying fine sand unit.
The concentrations which were estimated using the analytical model were compared to
concentrations measured in shallow, intermediate, and deep monitoring wells, Refer to
the OU2 RI Report (WCC. 1993¢) for a complete discussion of the fate and transport
analysis performed for the Site.

1.2.7 Baseline Risk Assessments

The purpose of a Baseline Risk Assessment (BRA) is to evaluate potential human health
hazards (both carcinogenic and non-carcinogenic effects) that may result from exposure
to contaminated media at the Site.

A Site Conceptual Model was developed to identify potential exposure pathways. The
OUl BRA (SEC Donohue, 1993) evaluated pathways associated with explosives-
contaminated soil, and the OU2 BRA (WCC, 1994c¢) evaluated pathways associated with
contaminated groundwater. The cumulative cancer risks and Hazard Indices for soil and
groundwater were also developed in the OU2 BRA.

1.2.7.1 Site Conceptual Model

A site conceptual model was developed for the OU2 BRA (WCC, 1994c¢) based on the
data collected during the QU2 RI. For purposes of evaluating potential exposure to
contaminated groundwater, the QU2 BRA evaluated potential risk asseciated with the two
most contaminated groundwater monitoring wells (MW-5B and MW-40B). These wells

were chosen for evaluation because they contain the highest concentrations of RDX
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(MW-5B) and TCE (MW-40B), the two potential chemicals of concern that contributed
to the majority of Site risk.

As can be seen on the Site Conceptual Exposure Model Drawing 1-22, the primary source
of contamination is surface wastes/spills. The release mechanisms are infiltration/leaching,
mixing with surface soils, surface runoff, and wind erosion for surface wastes/spills.
Additional (secondary) sources potentially resulting from releases from the primary
sources include subsurface soils, surface soils, surface water/sediment. air particulates, and
air VOCs. The corresponding release mechanisms for the secondary sources include
infiltration, future intrusive action, bioaccumulation, and direct contact. The exposure
routes associated with this direct contact include both dermal exposure and incidental
ingestion.  Additional (tertiary) sources include surface water seeps, groundwater,
irrigation water/stock ponds, air VOCs, and food (typically vegetables and beef).

The exposure routes for all of the sources described above are ingestion, inhalation, and
dermal contact. Three potential receptors were identified:

* On-site farm family
¢  On-site worker
¢ (Construction worker

The complete exposure routes for all potential receptors for the groundwater pathway are
ingestion, inhalation, and dermal contact (ingestion is considered a minor pathway for the
construction worker). In addition to the groundwater pathways. the construction worker
was assumed to have complete exposure pathways from dermal, oral and inhalation
exposure to contaminants in subsurface soil. The remaining exposure pathways identified
in the QU2 BRA are minor or incomplete.

Potential exposure to contaminants at the Site could also occur through ingestion of
contaminated plants or animal life found on-site. Some of the food chain effects in
vegetables or beef include bioconcentration, biomagnification, biotransformation and
excretion. Because of the uncertainties inherent in the calculation of food chain effects,
and because food chain effects have already been evaluated for soils in OU1. the exposure
to chemicals through the food chain effects is not evaluated quantitatively in the OU2

BRA. To evaluate the extent of plant bioaccumnulation under site-specific conditions, a
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plant uptake study will be included as part of the OU3 investigation. The plant uptake
pathway will be re-evaluated after the planned plant uptake study is completed.

1.2.7.2 OUI1 Baseline Risk Assessment

Potential cancer risks and non-carcinogenic health hazards were evaluated for surface soils
in the OUl1 BRA (SEC Donohue, 1993). Potential cancer risks and non-carcinogenic
hazards for average and Reasonable Maximum Exposure (RME) exposures were found to
be unacceptably high in the most contaminated portions of the Site for both workers and
residential populations, with cancer risks as high as 2 x 10 and Hazard Indices (HIs) as
high as 300. EPA has defined RME as the highest exposure that can reasonably be
expected to occur at a site. The regulatory (NCP) target cancer risk range is 10° to 10™
and a hazard index value of 1 is considered a threshold for adverse non-cancer health
effects. In order to address risks from multiple pathways, it is assumed that the
risks/hazards that were reported for Site soils in the OU1 BRA are directly additive to the
risks/hazards calculated for groundwater in the OU2 BRA. Cumulative risks for soil and
groundwater pathways are discussed below.

1.2.7.3 QU2 Baseline Risk Assessment

As part of the OU2 studies, a BRA (WCC, 1994¢) was performed to evaluate potential
cancer risks and non-carcinogenic hazards posed by site-related chemicals. Additionally.
risks’hazards were evajuated for VOCs in Site subsurface soils in the vicinity of Load
Line 1 and the Atlas Missile Area.

An evaluation was performed of site-wide groundwater, and subsurface soils from the
Atlas Missile Area and Load Line ] to identify the potential COCs. Based on this
evaluation, the following potential COCs were identified;

VOCs: Explosives:
. Acetone . HMX
. 1.2-Dichloroethene (total) . RDX
. Methylene chloride . 1.3.5-Trinitrobenzene
. Trichloroethene . 2.4,6-Trinitrotoluene
. 1.1.1-Trichloroethane . 2.4-dinitrotoluene
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. 1.2-Dichloropropane

. Tetrachloroethene
. Chloroform

SVOCs: Metals:
. Diethyl phthalate ¢ - Aluminum
. Di-n-butylphthalate . Lead
. Phenol . Vanadium
. N-Nitrosodiphenylamine . Nickel

The potential COCs identified in soils from the Atlas Missile Area and the AFBMD Tech
Area consisted of three VOCs (acetone, benzene and trichloroethene). Other compounds
in soils from these areas were evaluated in QUI.

Potentjal health risks (current and hypothetical future use scenarios) were estimated for
a group of exposure scenarios believed to represent the most likely forms of human
activities that might occur on or near the Site. The scenarios included residential and
occupational exposure to groundwater and exposure of construction workers to VOCs in
subsurface soils. Potential health risks were quantitatively evaluated for three potential
exposure routes (ingestion, inhalation, and direct dermal contact) for both groundwater and
soils.

The non-carcinogenic hazards and cancer risks associated with the two most contaminated
monitoring wells, MW-58 and MW-40B, were evaluated using maximum exposure
scenarios for all exposure scenarios. For well MW-5B, the HIs associated with the
groundwater are 7 for child residents, 3 for adult residents. and 1 for Site workers. An
HI value of 1 is considered a threshold for possible adverse non-cancer health effects.
The potential total cancer risks associated with adult resident exposure to MW-3B
groundwater are three in 10,000 (3 x 10™) which exceeds the EPA advisory range of 10
to 10* for acceptable site risks. Virtually all of this risk is the result of RDX, the
ingestion of which is estimated to result in 3 x 10 risk. The cancer risk associated with
the child resident exposed to MW-5B groundwater is 7 x 107, and the cancer risk for the
Site worker in the same scenario of 4 X 10°. Both of those cancer risks are within the
advisory range of 10 to 10, For well MW-40B, the child HI is 13 and the adult resident
Hl is 3. Both of those values are in excess of the HI value of 1. For the same scenario.
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the Site worker is below the threshold of 0.9. The potential total cancer risk associated
with adult resident exposure to MW-40B groundwater is 2 x 107, the risk associated with
the child resident scenario is 7 x 10, and the risk associated with the Site worker is 2 x
107, All three potential total cancer risks exceed the advisory range result of 10 to 10™.
The majority of the risk is the result of exposure to TCE. For example, exposure to the
TCE in groundwater from MW-40B results in 1 x 107 risk for adult residents.

A construction worker scenario was included in the OU2 BRA to evaluate the risks
associated with the subsurface soils in the Atlas Missile Area and AFBMD Tech Arca.
Hazard Indices and cancer risks resulting from combined exposure to groundwater from
MW-5B and subsurface soil from either the Atlas Missile Area or the AFBMD Tech Area
are within or below the threshold value of 1. This indicates that exposure to chemicals
in groundwater and subsurface soils in this area are not likely to result in unacceptable
health effects to the construction workers. However., when it was assumed that
construction workers were exposed to groundwater from MW-40B, the RME HIs for
construction workers exposed to subsurface soils from either the Atlas Missile Area or the
AFBMD Tech Area are at the threshold value of 1. Cancer risks are estimated to be
4 x 10° which is within the advisory range of 10° to 10®. The majority of non-cancer
hazard and cancer risk was associated with the groundwater pathways.

Cumulative cancer risks and HIs were summed for soil pathways evaluated in the QU1
BRA and groundwater pathways from the OU2 BRA. Cumulative soil/groundwater HIs
were 5,000 for a child resident, 2,000 for an adult resident and 4 for a Site worker.
indicating that portions of the Site may present a potential non-carcinogenic health hazard.
These HIs were primarily a result of exposure to explosives in soils. The cumulative
cancer risks for soil (OU1) and groundwater (OU2) were also driven by the soil exposures.
Cumulative soil/groundwater cancer risks were estimated to be 6 x 10~ for adult residents
and 6 x 107 for Site workers, and were primarily due to exposures to explosives found in
Site soils. Cancer risks are quantified only for adults exposed to soil.

The development of health-based Remedial Action Objectives (RAOs) is generally
warranted when Site risks exceed some regulatory target risk (i.e., usually 10° to 10™),
Because risks associated with potential RME residential use of groundwater exceeds the
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10° to 10 range, RAOs need to be evaluated to ensure the health-protectiveness of any
remedy selected for the Site. OU2 RAOs are presented in Section 2.2.1.

Risks associated with OU1 soils are presented in the OUl BRA (SEC Donchue, 1993).

1.2.7.4 Ecological Assessment

An ecological risk assessment was performed for OUl which focused primarily on
ecological exposures to contaminants in surface soils, sediment and surface water at the
Site. Exposure of ecological receptors flora and fauna to contaminated groundwater was
considered unlikely, except through crop irrigation, and was not addressed specifically in
the OU1 BRA (SEC Donohue, 1993).

Although sediment and surface water samples have previously been collected from
Johnson Creek and the NRD reservoir, additional samples will be collected during OU3.

According to U.S. Fish and Wildlife Service (WCC, 1993b). one species of fish in
Saunders County, the Plains topminnow, is a candidate for threatened and endangered
status. The Bald Eagle, Peregrin Falcon, Interior Least Tern, and Piping Plover are
threatened and endangered, and the Ferruginous Hawk and Loggerhead Shrike are
candidates for threatened and endangered status in Saunders County. The American
Burying Beetle is also threatened and endangered.

1.2.7.5 Data Limitations and Uncertainties

The results from the QUL RI (USACE, 1991) and Supplementary QU1 RI (SEC Donohue,
1992) characterized the extent of soils contaminated with explosives resulting from past
DoD activities at the Site. Treatability studies were conducted on Site soils to aid in the
evaluation of the feasibility of remediating Site soils. Treatability studies were conducted
for three soil treatment process options: rotary kiln incineration, vitrification, and slurry-
phase biological treatment. The objectives and preliminary results of each study are
discussed in the OU1 FS (RUST, 1994a) and the conclusions are summarized below:
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¢ Contaminated soil from the Site can be treated using rotary kiln incineration
to non-detect levels for explosives contaminants and treated soil would not be
classified as Resource Conservation and Recovery Act (RCRA) hazardous
waste by the toxicity characteristic.

e Contaminated soil from the Site can be treated using vitrification to non-detect
levels for explosive contaminants and the vitrified mass would not be
classified as RCRA hazardous waste by the toxicity characteristic.

¢ Under the conditions evaluated for the biological treatment study, limited
trecatment is achieved and biological treatment may not achieve the OUI]
preliminary remediation goals (PRGs) calculated for the Site without further
optimization.

The results from the OU2 RI (WCC, 1993¢) characterized the general extent of
groundwater contamination resulting from past DoD activities at the Site. Monitoring well
clusters MW-60, MW-61, and MW-62 were installed after the OU2 RI. MW-60 was
installed in the downgradient area between MW-20 and MW-37, and MW-61 was instailed
downgradient from MW-10 to refine the estimated extent of the explosives plumes.
MW-62 was installed downgradient from MW-36, to refine the extent of the TCE plume.

Because QU2 RI was designed to characterize the Site, little data were collected that
would directly apply to the feasibility of extraction and treatment of groundwater.
Therefore. to provide adequate data for design and construction of the selected remedy,
and to reduce the uncertainty inherent in a feasibility study, additional data coliection will
be necessary during the pre-design phase of the project. The following paragraphs and
Section 6.0 briefly describe the type and benefit of the additional data collection.

A pumping test is required to evaluate the effectiveness of groundwater extraction or
reinjection. Section 1.3.4 describes the pumping test currently being conducted the Site.
Analysis of the impacts of injection of treated water may also be necessary. If treated

water is discharged to surface water, the effects of this discharge on local streams must
be analyzed.

Treatability studies to evaluate the effectiveness of carbon usage for carbon adsorption
treatment are being conducted as described in Section 1.3.5. Treatability studies are being
conducted to evaluate advanced oxidation treatment of groundwater as described in Section
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1.3.5. Pilot testing may be necessary to evaluate vapor extraction and/or air sparging
systems.

1.3 ONGOING AND INTERIM ACTIONS
1.3.1 Alternative Water Supply

Some of the domestic wells serving individual homes in the area have been contaminated
by TCE and/or RDX to concentrations above the MCL of 5 ug/L. for TCE and the Health
Advisory Level of 2 ug/L for RDX. In these residences, the USACE has installed. and
is maintaining, point-of-entry carbon adsorption treatment systems. These systems will
be maintained as long as the groundwater contamination concentrations are above the
MCL or Health Advisory at the supply well.

In addition, some of the water supply wells for the ARDC have been contaminated. The
USACE has installed, and is maintaining, carbon adsorption point-of-entry treatment
systems at each of the ARDC facilities which provide drinking water.

1.3.2 Removal Action

Currently, 2 Removal Action for contaminated groundwater at the Site is being designed.
The specific objectives for the Removal Action are:

¢ Hydraulic containment of groundwater contamination to minimize expansion
of the plumes prior to the initiation of the final remedy (the final remedy is
the action that will be recommended in the Proposed Plan). The Removal
Action is being conducted in two phases. Phase [ addresses TCE-
contaminated groundwater (including groundwater contaminated with both
TCE and explosives). Phase II addresses groundwater that is contaminated
with explosives only.

* Protection of unimpacted downgradient groundwater users

* Treatment and discharge of extracted groundwater to meet applicable
standards

¢ Periodic monitoring of the effectiveness of the containment system
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Because all of the proposed alternatives for the final remedy at the Site include the
element of hydraulic containment, the Removal Action will be consistent with the final

remedy.

The Hydraulic Containment Removal Action is being conducted with participation from
EPA and NDEQ, and the public will be invited to participate during a future public
meeting to be scheduled.

The Engineering Evaluation/Cost Analysis and Removal Action Design Documents are in
the draft stage and are not currently available for public review.

1.3.3 Soil Vapor Extraction Pilot Study

As previously discussed, data does not conclusively indicate whether the Atlas Missile
Area or the AFBMD Tech Area are continuing sources of TCE to groundwater.
Therefore, remedial actions to address VOCs in soil vapor are not currently proposed.
However, a pilot-scale soil vapor extraction (SVE) study is being conducted. The purpose
of the study is to evaluate whether the study area unsaturated zone soils are continuing
sources of TCE to groundwater. The evaluation will be based on the following:

¢ Determination of the presence or absence of a recoverable source of TCE
from the unsaturated zone at the Atlas Missile Area or the AFBMD Tech
Area

® The effectiveness of SVE in removing TCE from the unsaturated zone at the
two Jocations

If the pilot study concludes that the study areas are continuing sources of TCE to
groundwater, remedial action objectives may be established. Details of the SVE pilot
study are presented in the Soil Vapor Extraction Pilot Study Work Plan (WCC, 1994h)
and the results will be presented in a technical memorandum.
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1.3.4 Pumping Tests

Currently, two pumping tests are being implemented at the Site, one south of Load Line
1 and one in the Platte River Valley. The specific objectives of the pumping tests are:

¢ Evaluate the performance of each test well in terms of its sustainable pumping
rate, specific capacity, well loss, and well efficiency

e Estimate the transmissivity, hydraulic conductivity, and storativity of the Todd
Valley aquifer and the Platte River Valley alluvial aquifer west of Johnson
Creek in the vicinity of the pumping wells

» Evaluate and characterize the hydraulic communication between the Platte
River Valley alluvial aquifer and the Omadi Sandstone

e Assess whether drawdowns will be affected by aquifer boundaries during
extended continuous (72 hour) pumping

¢ Evaluate the radius of influence and zone of capture of each test well under
steady-state conditions of continuous pumping

¢ Evaluate water quality during pumping

e Use well performance results in the final design phase of a containment
system treatment facility

Subsequent to the completion of the pumping tests, the pumping test extraction wells may
be used as the extraction wells as an element of the containment removal action. Details
of the planned pumping tests are presented in the Pumping Test Work Plan (WCC,
1995h).

1.3.5 Treatability Studies

Bench scale treatability studies are currently being conducted to provide performance data
needed to evaluate the potential feasibility of a given technology for treating the potential
COCs. The treatability studies focus on two major Site contaminants, TCE and RDX.

TCE and RDX are indicator chemicals that are used to define the extent of contamination
as discussed in Section 2.2.2.  The primary objectives of the studies are to:

Er92030FS2.ACE  05:22/95 1-22

BO7NE003702-08882



s Develop Freundlich adsorption isotherm constants for the TCE and RDX
using granular activated carbon (GAC)

e Assess the efficiency of selected Advanced Oxidation Process (AOP)
technologies to treat the Site groundwater

The results of the GAC isotherm tests will be used to refine the literature-based GAC
consumption rates presented in this FS Report. The AOP test results will be used to
evaluate whether oxidation technologies are effective in removing contaminants detected
in groundwater. If the AOP or the GAC process is successful, the results may be used to
design on-site pilot studies. Details of the planned treatability studies are presented in the
Groundwater Treatability Study Work Plan (WCC, 1994e) and the Chemical Data
Acquisition Plan (WCC, 1994¢).

1.3.6 Water Supply Monitoring

The objective of the water supply monitoring is to assess the quality of water from
domestic, municipal, and irrigation wells located on or near the Site. Groundwater
samples are currently being collected on a quarterly basis from irrigation wells, stock
wells, ARDC supply wells, and residential wells which are used for domestic use. The
samples are analyzed for VOCs and explosives, and the results are reported to the well
owners, as well as the EPA, NDEQ, and Nebraska Department of Health (NDOH).

1.3.7 Monitoring Well Sampling

Groundwater samples are currently being collected on a quarterly basis from monitoring
wells at the Site. The objectives of the groundwater sampling are as follows:

¢ Develop a historical record for comparison of future results

¢ Monitor and evaluate any .changes in the extent of contamination with time

¢+ Evaluate metals contamination and thiodiglycol contamination in support of
OU3

¢ Support groundwater treatment design

Details of the quarterly groundwater sampling program are presented in modifications to
the Chemical Data Acquisition Plan (WCC, 199%4e¢).
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2.0
IDENTIFICATION AND SCREENING OF TECHNOLOGIES

2.1 INTRODUCTION

In this section, remedial technologies and process options are identified and screened
based on site-specific information. This process involves the following steps:

¢ Develop remedial action objectives (RAOs) that address site-specific
contaminants, contaminated media, and exposure pathways. OUl and QU2
soil RAOs are discussed in Section 2.3.

e Identify areas and volumes of contamination (Section 2.4}

e Develop general response actions (GRAs) to satisfy the site-specific RAOs
(Section 2.5)

e Identify and screen groundwater technologies and process options satisfying
each GRA. The initial criterion for this screening is technical feasibility.
Further screen the technically feasibie technologies and process options based
on effectiveness, implementability, and cost to select a representative process
option for a given remedial technology type, where appropriate. Technologies
retained after the second screening process (Section 2.6) are carried into
Section 3.0 where they are assembled into alternatives.

e Identify and screen leaching soil technologies and process options
(Section 2.7). Leaching soils are defined as (explosives) contaminated soils
that are estimated to contribute to groundwater contamination for a given time
period.

e Summarize the retained technologies and process options (Section 2.8).

2.2 OU2 REMEDIAL ACTION OBJECTIVES

RAOs consist of medium-specific or operable unit-specific goals for protecting human
health and the environment; they specify the chemicals of concern, exposure routes,
receptors. and acceptable contaminant levels for each exposure route. These objectives

are based on available information, standards such as ARARs. and risk-based levels
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established in the BRA and therefore account for potential chemicals of concern. The
three components of RAOs are: the Target Groundwater Cleanup Goals, the area of
attainment; and the restoration time frame. The RAOs are developed in this section by
taking the following actions:

* Defining sets of Preliminary Target Groundwater Cleanup Goals based on
ARARs; or, in the absence of ARARs, either TBCs or human health-
protective concentrations

¢ Defining the area within which remedial actions will be used to achieve the
Target Groundwater Cleanup Goals for each set of Preliminary Target
Groundwater Cleanup Goals

+ Establishing the general restoration time frame for each set of Preliminary
Target Groundwater Cleanup Goals

The following overall remedial action objectives have been established for QU2:

¢ Minimize the potential for ingestion of contaminated groundwater, or reduce
concentrations to acceptable health-based levels

® Minimize the potential for dermal exposure to contaminated groundwater. or
reduce concentrations to acceptable health-based levels

& Minimize the potential for inhalation of chemicals emanating from the use of
contaminated groundwater, or reduce concentrations to acceptable health-based
levels

RAQOs which address contaminated soil have been established during OUI, and are
discussed in Section 2.3.

The ultimate goal. inclusive of all of the OUs at the Site, is to provide protection so that

simultaneous and cumulative exposures to all COCs will not result in unacceptable
risk/hazard.
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2.2.1 Preliminary Target Groundwater Cleanup Goals

A remedial action will be complete when the concentrations of the COCs in the area of
attainment are reduced to the concentrations designated as the Final Target Groundwater
Cleanup Goals. The Final Target Groundwater Cleahup Goals will be selected from the
three sets of Preliminary Target Groundwater Cleanup Goals presented in this document.
Extracted groundwater will meet disposal-dependent standards. The three sets of
Preliminary Target Groundwater Cleanup Goals will be assembled from the levels which
are ARARs. TBCs, or other health-based goals.

2.2.1.1 ARARs

CERCLA, Section 121(d)(ZXA), requires that Superfund remedial actions meet any federal
and/or state standards, requirements, criteria or limitations that are determined to be
ARARs. Identification of ARARs must be conducted on a site-specific basis and involves
a two-part analysis:

¢ A determination whether a given requirement is applicable

¢ [f the requirement is not applicable, a determination whether the requirement
1s nevertheless relevant and appropriate

Applicable requirements are those cleanup standards. standards of control. and other
substantive environmental protection requirements, criteria, or limitations promulgated
under federal or state law that specifically address:

A hazardous substance

A poliutant

A contaminant

Remedial action

Location

Other circumstances at CERCLA sites

Relevant and appropriate requirements are cleanup standards and other environmental
protection requirements that address similar problems or situations.
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There are various types of requirements with which remedial actions may have to comply.
The ARARs are grouped as follows:

* Ambient or chemical-specific ARARs: usually health- or risk-based numerical
values or methodologies. (The application of these numerical values
establishes the acceptable amount or concentration of a chemical that may
exist in a media or discharged to the environment.)

* Performance, design or other action-specific ARARs: usually technology-or
activity-based requirements or limitations on actions taken with respect to
hazardous waste.

* Location-specific ARARs: restrictions placed on the concentration of
hazardous substances or the conduct of activities solely because they occur in
special locations.

Tables 2-1A, B, C summarize the three groups of potential ARARs for groundwater and
subsurface soil for the Site. Table 2-1A presents the potential contaminant or
chemical-specific ARARs. The maximum concentration levels (MCLs) and action levels
are chemical-specific ARARs for groundwater. Table 2-1B presents those potential
ARARs that are action-specific for the Site. Table 2-1C presenis the potential
location-specific ARARs applicable to the Site.

2.2.1.2 TBGs

TBCs are non-promulgated advisories, criteria, or guidance issued by Federal or State
government that are not legally binding and do not have the status of potential ARARs.

Lifetime Health Advisories {HAs) for diethyl phthalate (5,000 ug/L). phenol (4,000 ug/L).
TNT (2 ug/L), RDX (2 pg/L) and HMX (400 pg/l) are TBC standards for the Site. The
Drinking Water Equivalent Level (DWEL) for 2.4-DNT (100 ug/L) is also a TBC standard
for the Site. The concentrations listed above are from EPA (1993b).

2.2.1.3 Health-Based Cleanup Goals

The purpose of this section is to develop health-based cleanup goals for chemicals
associated with DoD activities which are found in contaminated groundwater at the Site.
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The establishment of health-based cleanup goals serves as an important means of guiding
corrective actions. A health-based approach is warranted when cleanup standards are not
promulgated by state or federal agencies for contaminants in the medium of concern

{groundwater).

As identified in the OU2 BRA, use of maximum exposure assumptions indicates that the
most-contaminated wells may potentially pose unacceptably high risk to exposed
populations. To be protective of a potentially maximally exposed individual, health-based
cleanup goals have been developed.

The methodology and rationale used to develop a set of health-based groundwater cleanup

goals for Site contaminants include:

¢ Identification of Potential COCs (Section 2.2.1.3.1)

s [dentification of potentiaily exposed receptor populations and potentially
complete exposure pathways (Section 2.2.1.3.2)

¢ Identification of critical toxicity values for the chemicals requiring corrective
action (Section 2.2.1.3.3)

¢ (Calculation of health-based cleanup goals (Section 2.2.1.3.4)

* ldentification of COCs (Section 2.2.1.3.5)

2.2.1.3.1 Potential Chemicals of Concern

The purpose of this section is to develop a preliminary list of chemicals in the
groundwater that may be of potential concern from a human health perspective. COCs
are defined as those potentially toxic chemicals that may have been released to the
environment in significant quantities as a result of site-related activities. As described in
the OU2 BRA (WCC, 1994¢), potential COCs are identified for site-wide groundwater
using data from samples collected during the OU2 RI sampling activities. The selection
criteria used to identify potential COCs are based on procedures outlined in Risk
Assessment Guidance for Superfund (RAGS). Volume 1, Human Health Evaluation
Manual (EPA, 1989b). These criteria were developed by the EPA as a means of
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identifying those site-related chemicals most likely to contribute to potential health

hazards.

Chemicals were excluded from the list of potential COCs using the following criteria:

The chemical was not detected at the Site

The chemical was a laboratory contaminant

The chemical was present within background ranges

The chemical was an essential nutrient and present at health-
protective/beneficial levels

» o 9

A subset of chemicals detected in groundwater was selected as the potential COCs
(Table 2-2) as described above. This group of Site-related chemicals is believed to
represent the greatest potential health risks associated with the Site. Health-based cleanup
goals have been calculated for these compounds using exposure parameters and toxicity
information developed in the OU2 BRA.

In Section 2.2.1.3.5, the concentrations of the potential COCs measured in monitoring well
groundwater samples will be compared to the health-based cleanup goals calculated in
Section 2.2.1.3.4. The final COCs (hereinafter referred to as "COCs") in groundwater will
be the potential COCs which exceed the health-based cleanup goals.

2.2.1.3.2 Exposure Assessment

The purpose of an exposure assessment is to estimate the magnitude of potential exposure
among various receptor populations. The steps required to perform an exposure
assessment include the following:

Identification of potential receptor populations

Evaluation of potential exposure pathways for completeness
Evaluation of potential exposure parameters

Estimation of daily intake factors

* & & @

The exposure scenarios evaluated are identified in the OU2 BRA. and include both
occupational and residential Site use. Exposure assumptions used to estimate contaminant
intake by these populations are derived from a number of EPA and scientific sources.
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including RAGS (EPA, 1989b), the Exposure Factors Handbook (EPA, 1989a), Standard
Default Exposure Factors (EPA, 1991b), Dermal Exposure Assessment: Principles and
Applications (EPA. 1992a), and site-specific information, when available.

The approach used to develop cleanup goals incorporates reasonable maximum exposure
{RME) assumptions and reasonable Site use scenarios, so that residual risks posed by the
Site after corrective action are within a health-protective range. It is important to note that
the RME is meant to represent the most exposed individual in a population. Therefore,
the estimates provided herein are conservative. Since cleanup goals developed using RME
assumptions are health-protective for the most exposed individual in a population, the
cleanup goals also would be health-protective for all potentially exposed individuals within
that population.

Under current Site conditions. the populations of primary concern include both on-site
workers and residents (see the discussion of the Conceptual Site Model, Section 1.2.7.1).
As identified in the QU2 BRA, the greatest potential cancer risks were associated with
adult resident receptors, while the largest hazard indices (i.c., non-carcinogenic effects)
were associated with child resident receptors. Thus, to provide cleanup values that are
protective of all potentially exposed individuals, cleanup goals for carcinogenic COCs are
developed using adult resident exposure assumptions, while cleanup goals for
non-carcinogenic COCs are developed using child resident exposure assumptions.

Among residential receptors, exposure to contaminants in groundwater is most likely to
occur as a result of ingestion, dermal contact (showering), or inhalation (showering). In
order to develop the chemical intake factors used to calculate cleanup goals, a number of
exposure parameters that are used to characterize the receptor populations must first be
quantified. Parameters typically evaluated include the following:

Lifespan (days)

Days per year (AT]: days)

Averaging time {AT2; years)

Exposure duration (ED; years)
Exposure frequency (EF; days/year)
Groundwater ingestion rate {(IR; L/day)
Body weight (BW; kg)

. & & & & & 0
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Air inhalation rate (IH; m’/day)

Exposure time (ET; hours/day)

Conversion Constant (Ks) from "shower" model (see Appendix A)
Exposed body surface area (SA; cm’)

Permeability constant (PC: cm/hr)

e & & 8 »

These parameters are assigned numerical values following the precedence established by
the OU] FS. The exposure duration was assigned a value of 30 years, and the remainder
of the parameters were assigned numerical values identified in the OU2 BRA (WCC,
1994¢). (The BRA exposure duration was 70 years). The parameters were used as input
to the exposure algorithms used to estimate the extent of chemical exposure.

Intake factors provide a means of estimating daily contaminant intake by exposed
individuals. Equations used to calculate intake factors (IF) via ingestion (IF, ), inhalation

(IF;,»), and dermal (IF,,) contact (as determined in the OU2 BRA; WCC, 1994¢) are as
follows:

[F . (R » EF + ED)
"€ " (BW » ATI+AT2)

_ UH = ET ~ EF =« ED x Ks)
I'Fs‘nk_
(BW = ATI « AT2)

_ (SA = PC » ET » EF * ED)
(BW * ATI » AT2)

I‘Fder

For cancer causing chemicals, the intake factors (1Fs) for adult residents are calculated for
ingestion, dermal. and inhalation exposure to groundwater using exposure parameters
developed and presented in Table 2-3 (ingestion exposure), Table 2-4 (dermal exposure).
and Table 2-5 (inhalation exposure). For non-cancer causing chemicals, the IFs for a
0-6 year old resident are calculated for ingestion, dermal, and inhalation exposure to
groundwater using exposure parametiers developed and presented in Table 2-6 (ingestion
exposure), Table 2-7 (dermal exposure). and Table 2-8 (inhalation exposure).
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2.2.1.3.3 Toxicity Assessment

As identified in the OU2 BRA, the potential COCs at the Site consist of a number of
VOCs, SVOCs, explosives, and metals. Critical Toxicity Values (CTVs) for these
chemicals are presented in this section. The CTVs are values established by the EPA that
are used to quantify the potential carcinogenic and non-carcinogenic toxicity of the
individual chemicals. Conversely, these values can also be used (in conjunction with
intake factors) to calculate health-protective chemical concentrations that become the target
cleanup goals.

Non-cancer effects are evaluated using a CTV known as a reference dose (RfD). The RfD
can be considered a threshold dose. As long as the daily intake of a chemical by an
exposed population is less than the RfD, no non-carcinogenic health hazard is believed to
exist for that chemical (EPA, 1989b).

Cancer effects are evaluated using a CTV known as a slope factor (SF). The SF can be
considered a measure of the potential carcinogenicity of a compound. In general, the
larger the SF, the greater the potential carcinogenicity of the chemical and the lower the
target cleanup goal. In addition to the SF, carcinogens are also evaluated based on the
EPA "weight of evidence” system whereby chemicals are ranked as known, probable, or
possible human carcinogens. Class A carcinogens are chemicals which are considered
known human carcinogens (based on human epidemiological studies), class B carcinogens
are considered probable human carcinogens (based on animal studies), and class C
carcinogens are considered possible human carcinogens (based on limited data). The
confidence level associated with class C carcinogens (including RDX) is considered to be
low (i.e.. it is uncertain whether RDX is a human carcinogen); therefore, the health-based

cleanup goals developed for class C carcinogens are conservative.

The CTVs and associated weight of evidence criteria (carcinogens) for the potential COCs
are presented in Table 2-9,
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2.2.1.3.4 Calculation of Health-Based Cleanup Goals

The purpose of this section is to calculate health-based cleanup goals for each potential
COC identified in Section 2.2.1.3.1. As stated, the approach to developing health-based
cleanup goals is derived from the risk assessment process. The methodology employed
to develop target cleanup goals for the Site was based on multiple pathway exposure, and
was derived from the Risk Assessment Guidance for Superfund, Volume I - Human Health
Evaluation Manual, Part B; RAGS Part B; EPA, 1991f), The risk assessment is a process
whereby the magnitude of potential cancer risks and other health effects associated with
Site contaminants can be quantitatively evaluated. A health-based cleanup goal is
established by "back-calculating” a health protective contaminant concentration, given an
acceptable target risk and using the intake factors discussed in Section 2.2.1.3.2 to
represent potentially exposed populations.

Health-protective concentrations are those concentrations associated with potential risks
in the range of 10 to 10 (or less) for carcinogens or a Hazard Index (HI) of 1.0 for
non-carcinogens under RME conditions. At the Site, receptor populations potentially
exposed to groundwater have been identified as residents and on-site workers (see
Section 2.2.1.3.2). Cleanup goals were developed using the most sensitive population (i.c.,
residents). Major exposure pathways have been identified for these receptor groups,
including:

* Ingestion of groundwater
Dermal exposure to groundwater during showering
¢ Inhalation of volatile chemicals in groundwater during showering

Site-wide health-based cleanup concentrations are calculated using the RME IFs developed
for these scenarios/pathways combined with the relevant exposure pathways into the
cleanup calculations. The combined IFs are used in conjunction with RfDs and SFs
presented in Section 2.2.1.3.3 and target risks that are thought to be health-protective. For
carcinogens, 10°, 10, and 10" target risks are used to calculate a range of target cleanup
values. For non-carcinogens, 1.0 is considered an appropriate target hazard quotient value
and is used to calculate the target values for non-carcinogenic effects.
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The health-based cleanup goals, based on carcinogenic and non-carcinogenic effects, are
presented in Tables 2-10 and 2-11, respectively. If health-based cleanup goals for a
chemical are calculated for both carcinogenic and non-carcinogenic effects. the more
protective {lower) concentration is established as the unique health-based cleanup goal for
that chemical. As discussed in Section 2.2.1, the health-based cleanup goals will be
considered along with ARARs and TBCs when assembling the Preliminary Target
Groundwater Cleanup Goals. '

2.2.1.3.5 Chemicals of Concern

The concentrations of the potential COCs measured in monitoring well groundwater
samples were compared to the health-based cleanup goals. The COCs in groundwater are
the potential COCs which were detected at concentrations exceeding the lower of the
health-based cleanup goals corresponding to 10 cancer risk or the HI of 1.0. The
comparison was made using the most health-protective exposure scenaric so that the
selection of COCs would be health-protective for all scenarios.

Health-based cleanup goals could not be calculated for lead and aluminum because CTVs
are not available for those metals. Therefore, lead and aluminum were evaluated as COCs
according to other criteria described below.

The Safe Drinking Water Act action level for lead (15 pg/L) was identified as a potential
contaminant-specific ARAR. Lead analyses have been performed for water samples
collected from 15 monitoring wells at the Site. The lead concentration exceeded 15 ug/L
at one well, and that frequency of occurrence (approximately 7 percent) is below the lead
action level exceedance frequency (10 percent). Lead was rejected as a COC on this
basis.

A potential contaminant-specific ARAR has not been identified for aluminum. A
Secondary Maximum Contaminant Level (SMCL) range (5 to 200 pg/L) has been
established for aluminum. An SMCL is an unenforceable Federal guideline established
for non-health based aesthetic water quality. Aluminum is a naturally-occurring metal
which has been detected in all of the wells that were sampled for metals. Both monitoring

wells in the background (upgradient) cluster, MW-47, had maximum total aluminum
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concentrations of 416 ug/L, which exceeds the SMCL. Total aluminum concentrations
exceeding 416 ug/l. have been measured in only one other monitoring well. MW-54B.
Aluminum has been rejected as a COC on the basis that it is a metal that occurs in
background wells at high concentrations (relative to the SMCL).

The COCs are tabulated below.

Groundwater Chemicals of Concern

1.2-Dichloropropane
Methylene Chloride
TCE
TNB
TNT
2,4-DNT
RDX

2.2.1.4 Selection of Preliminary Target Groundwater Cleanup Goals

Three sets of Preliminary Target Groundwater Cleanup Goals have been assembled from
the levels which are ARARs, TBCs, or heaith-based cleanup goals. The detailed analysis
of alternatives presented in Section 4.0 will be conducted for each set of Preliminary
Target Groundwater Cleanup Goals so that the risk managers may consider the benefits

derived from each set of goals when selecting the final Target Groundwater Cleanup
Goals.

The following tabulation summarizes the set of groundwater COC concentrations from
which the Preliminary Target Groundwater Cleanup Goals were selected. The tabulation
contains concentrations developed in previous sections which correspond to the following:

ARARs (represented by MCLs)
» TBCs (represented by Health Advisories)
L ]

Health-based cleanup goals (represented by the Carcinogenic Effects and Non-
Cancer Effects)
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CONCENTRATION {ug/L)
CHEMICAL OF Non-Cancer Carcinogenic Effects Health
CONCERN Effect" 10° Risk | 10° Risk | 10~ Risk MCL? | Advisory*
t,2-Dichloropropan 68.2 1.23 12.3 123 5.00 -
e .
Methylene chloride 291 9.06 90.6 906 5.00 -
TCE - 2.82 282 282 5.00 -
TNB 0.778 - - - - -
TNT 7.78 2.82 28.2 282 - 2.00
24-DNT 3Lt 0.124 1.24 12.4 - 100¢
RDX 42.9 0.774 7.74 77.4 - 2.00
Note: a. The target Hazard Index for each chemical is set at 1.0.

b. Based on the value presented in the "Drinking Water Regulations and Health Advisories" (EPA.
1994),

c. Based on the Lifetime Health Advisory values presented in the "Drinking Water Regulations and
Health Advisories” (EPA, 1994).

d. Based on the Drinking Water Equivalent Level values presented in the "Drinking Water
Regulations and Health Advisories” (EPA, 1994).

The response to comments on the NCP proposed rule addressing the use of a risk range
{§300.430(3X2)iINAXN2)) provides the basis for considering different sets of Preliminary
Target Groundwater Cleanup Goals (Federal Register, 1990. page 8717):

“In the Superfund program, remediation decisions must be made at hundreds of
diverse sites across the country. Therefore, as a practical matter. the remediation goal
for a medium typically will be established by means of a two-step approach. First,
EPA will use an individual lifetime excess cancer risk of 10" as a point of departure
for establishing remediation goals for the risks from contaminants at specific sites.
While the 107 starting point expresses EPA’s preference for setting cleanup levels at
the more protective end of the risk range, it is not a presumption that the final
Superfund cleanup will attain that risk level.

The second step involves consideration of a variety of site-specific or remedy-specific
factors. Such factors will enter into the determination of where within the risk range
of 10 to 10 the cleanup standard for a given contaminant will be established.”
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The risk associated with each COC (except TNB) for the three sets of Preliminary Target

Groundwater Cleanup Goals are presented in the following sections.

In addition. the

aggregate risk for each Preliminary Target Groundwater Cleanup Goal is tabulated. The

aggregate risk is the sum of the individual risks. The residual risk is the risk remaining

in groundwater at the completion of remediation. At a maximum, the residual risk will

be equal to the aggregate risk if all COCs are remediated to their respective cleanup goals.

It is likely that the residual risk will be less than the aggregate risk because the

concentration of the COCs will be reduced preferentially with the relative maximum

concentration(s) equal to the cleanup goal(s).

2.2.1.4.1 Preliminary Target Groundwater Cleanup Goal |

The Preliminary Target Groundwater Cleanup Goal I (Cleanup Goal I) is tabulated below.

CLEANUP GOAL |

The rationale for developing Cleanup Goal I is described below.

Cancer

cocC Concentration (ug/L) Risk
Methylene Chioride 5 5.52E-07
1,2-Dichloropropane 5 4.07E-06
TCE § 2.19E-06

TNB 0.778
TNT 7.78 2.76E-06
24-DNT 1.24 1.00E-05
RDX 7.74 I.00E-05
Aggregate Risk 2.96E-05

¢ For those chemicals with MCLs established, the MCL is the target cleanup

goal.

®  For those chemicals that do not have MCLs, but have carcinogenic effects and
non-carcinogenic effects, the target cleanup goal is the lower of either the
value from the carcinogenic risk of 10 or the value calculated from the non-

carcinogenic HI of 1.0.

® For those chemicals that do not have MCLs or carcinogenic effects, the target

cleanup goal is calculated from the non-carcinogenic Hl of 1.0.
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e For those chemicals that do not have MCLs or non-carcinogenic effects, the

target cleanup goal is calculated from the carcinogenic risk of 107,

2.2.1.4.2 Preliminary Target Groundwater Cleanup Goal 11

The Preliminary Target Groundwater Cleanup Goal II (Cleanup Goal IT) is tabulated

below,

CLEANUP GOAL Il

Cancer

cocC Concentration (ug/L) Risk
Methylene Chloride 5 5.52E-07
t.2-Dichloropropane 5 4.07E-06
TCE 5 2.19E-06

TNB 0.778 ——

TNT 2 7.09E-07
2.4-DNT 1.24 1.00E-05
RDX 2 2.58E-06
Aggregate Risk 2.01E-05

The rationale for developing Cleanup Goal I is described below.

* For those chemicals with MCLs established, the MCL is the target cleanup

goal.

¢ For those chemicals that do not have MCLs, but have carcinogenic effects,
non-carcinogenic effects, and Health Advisories, the target cleanup goal is the
lower of either the value from the carcinogenic risk of 107, the value
calculated from the non-carcinogenic HI of 1.0, or the Health Advisories.

® For those chemicals that do not have MCLs, carcinogenic effects, or Health
Advisories, the target cleanup goal is calculated from the non-carcinogenic HI

of 1.0,

¢ For those chemicals that do not have MCLs, non-carcinogenic effects, or
Health Advisories, the target cleanup goal is calculated from the carcinogenic

risk of 107,
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2.2.1.4.3 Preliminary Target Groundwater Cleanup Goal III

The Preliminary Target Groundwater Cleanup Goal III (Cleanup Goal III) is tabulated

below.

CLEANUP GOAL Il

The rationale for developing Cleanup Goal I is described below.

Cancer

CcoC Concentration (ug/L) Risk
Methylene Chloride 5 5.52E-07
t.2-Dichloropropane 5 4 07E-06
TCE 5 2.19E-06

TNB 0.778 -

TNT 2.82 1.00E-06
2,4-DNT 0.124 1.00E-06
RDX 0.774 1.00E-06
Aggregate Risk 9.81E-06

¢ For those chemicals with MCLs established, the MCL is the target cleanup

goal.

e For those chemicals that do not have MCLs, but have carcinogenic effects and
non-carcinogenic effects, the target cleanup goal is the lower of either the
value from the carcinogenic risk of 10° or the value calculated from the non-

carcinogenic HI of 1.0.

¢ For those chemicals that do not have MCLs or carcinogenic effects. the target
cleanup goal is calculated from the non-carcinogenic HI of 1.0,

® For those chemicals that do not have MCLs or non-carcinogenic effects, the

target cleanup goal is calculated from the carcinogenic risk of 10°.
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2.2.1.4.4 Comparison of Preliminary Farget Groundwater Cleanup Goals

There is no difference between Preliminary Target Cleanup Goals I, II, or 1II for the
following four chemicals because cleanup goals for these chemicals are MCLs or non-
carcinogenic risk whose concentrations are common ‘o all cleanup goals:

Methylene chioride
1.2-Dichloropropane
TCE

TNB

The difference between Preliminary Target Groundwater Cleanup Goals I, II. and III are
for the three explosive chemicals: .

s TNT
¢ 24-DNT
s« RDX

The Preliminary Target Groundwater Cleanup Goal varies for these three chemicals
depending on which risk level is used and whether Health Advisories are considered.

2.2.2 Areas of Attainment

The area of attainment defines the area within which remedial actions will be used to
achieve the Target Groundwater Cleanup Goal. Because there are three sets of
Preliminary Target Groundwater Cleanup Goals. there are three corresponding areas of
attainment.

The areas of attainment defined for each set of Preliminary Target Groundwater Cleanup
Goals are based on the extent of contamination defined by the particular cleanup goals
composited over the three general depth intervals in which monitoring wells are
completed. TCE and RDX are used as indicator chemicals to define the areas of
attainment. These areas of attainment are based on analyses of groundwater samples
collected from monitoring wells during the following sampling events:
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August 1992 (RI)

November 1992 (RI)

February/March/April 1993 (WCC, 1993d)

May/June 1993 (WCC, 1993¢)

July 1993 (AFD) (WCC, 1993f)

December 1993 (off-site) (WCC, 1993g and.. 1994a; MRI, 1993 and 1994a)
March 1994 (off-site) (WCC, 1994b; MRI, 1994b)

June 1994 (off-site} (WCC, 1994d; MRI, 1994c¢)

TCE was measured more frequently and at higher concentrations in monitoring wells with
respect to other VOC COCs. With the exception of wells containing methylene chloride
and one well containing 1.-Dichloropropane, TCE was always detected in groundwater
samples that contain a VOC COC. Methylene chloride appears to be ubiquitous as it
appears in most of the samples with a VOC COC detected. However. out of 467 samples
with methylene chloride detected, 93.8 percent were non-quantifiable (i.e., either
methylene chloride was found in the blanks or the sample detections were below
quantifiable limits). Additionally, only 45 percent of the quantifiable methylene chloride
detections were above MCLs. For the explosive chemicals, RDX was encountered in
groundwater monitoring wells at concentrations above Preliminary Target Groundwater
Cleanup Goals more frequently (i.e., detected in a larger number of groundwater
monitoring wells) than TNB, TNT, or 2,4-DNT. RDX is always present whenever
concentrations of TNB, TNT, and 2,4-DNT exceed Preliminary Target Groundwater
Cleanup Goals. Thus, the spatial distributions of TCE, RDX. and TCE co-located with
RDX form the basis for the areas of attainment. Currently, RDX and TCE have the
widest extent in the upper portion of the Todd Valley aquifer and the Platte River Valley
aquifer. There are locations within the areas of attainment where RDX and TCE
concentrations exceed or equal the cleanup goals in the Omadi sandstone aquifer but
contaminant concentrations are below cleanup goals in the overlying unconsolidated
aquifer. The vertical distribution of contamination may require that remedial actions focus
on a specific depth interval rather than the entire saturated thickness of the aquifer.

The areas of attainment for Cleanup Goals 1. II, and III are shown on Drawing 2-1,
Drawing 2-2, and Drawing 2-3, respectively.
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Once defined, an area of attainment remains constant although the location of RDX and
TCE concentration contours which initially defined the area of attainment, may change.
This consistency allows remedial actions to be developed and implemented.

2.2.3 Restoration Time Frame

The restoration time frame is the period of time required to achieve the Preliminary Target
Groundwater Cleanup Goals at all locations within the areas of attainment. The rate at
which the groundwater is cleaned up depends on the following factors:

Technical limits to extracting contaminants

The feasibility of providing an alternate water supply
The potential use and value of the groundwater

The effectiveness and reliability of institutional controls
The ability to monitor and control contaminant movement

* & s B

The technical restrictions associated with relatively large areas of attainment will govern
the establishment of restoration time frames. The other factors listed above can be
managed effectively through other institutional and engineering controls. For example,
it has been relatively easy to install point-of-use carbon filtration units at impacted
residences.

The method for calculating restoration time frame estimates is presented in Appendix B.

and the restoration time frame estimates for specific alternatives are discussed in Section
4.0.

2.3 OUl1 AND OU2 SOIL REMEDIAL ACTION OBJECTIVES
The QU1 RAQOs have been identified in the OU] FS Report (RUST. 19943)' as:

¢ Minimize risk to human health and the environment from ingestion of soil
contaminated with DNB, TNB. 2.4-DNT. TNT, RDX. HMX. tetryl. and
nitrotoluene (NT)

¢ Minimize risk to human health from ingestion of contaminated groundwater
extracted from a residential well located within an exposure area. if a
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domestic well is installed prior to completion of OU2 activities, by providing
point-of-use treatment if water from that well exceeds Lifetime Health
Advisory or regulatory limits

e Minimize potential additional groundwater contamination from leaching of
soil contaminants

OU1 excavation PRGs were developed to provide the basis to define the boundaries of an
area to be excavated in OUl. The OUI1 chemical-specific excavation PRGs are tabulated
below. Soils will not be excavated below four feet which is the estimated depth of soil
at which a person is unlikely to come into direct contact with contaminated soil based on
Site uses and characteristics. The excavation PRGs correspond to a cancer risk of 3 x 10°
and a hazard index of 1.0 (RUST, 1994b).

OUl Excavation PRGs
Chemical Concentration (mg/kg)

HMX 1715.2
RDX 5.8

TNB 1.7

DNB 34
TNT 17.2
DNT (2.4 or 2.6) 0.9
NT 343.0
Tetryl 343.0

It is estimated that an approximate surface area of 1.3 acres and volume of 8.400 cubic
vards of soil require excavation to achieve the excavation PRGs.

QU1 soil treatment PRGs will be selected and based on results of OUl treatability studies
and other factors during the OU1 Remedial Design and will meet the total Site cancer risk
goals between 10 and 10°.

There are explosives-contaminated soils that do not contain concentrations greater than the
excavation PRGs. Although these soils to are not a risk with respect to dermal contact or
ingestion, a potential was identified for these soils to be a source of groundwater
contamination. These soils are subsequently referred to as "leaching soils.” The
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evaluation of the actions, soil cleanup, and infiltration control, are contained in
Appendix C.

The remedial action objective for leaching soils is to remediate those soils to the degree
that the groundwater remediation potentially benefits in terms of time. cost, or
protectiveness. Any potential soil excavation and treatment associated with OU2 will be
coordinated with QU1 soil excavation and treatment.

The volume of leaching soils was defined by soils satisfying the following criteria:

s TNB soil concentrations greater than, or equal to, 5 mg/kg in the depth
interval from the ground surface to 9 feet

¢ TNB soil concentrations greater than, or equal to, 1 mg/kg in the depth
interval from 9 feet to 12.5 feet

The basis for selection of the above criteria is presented in Appendix B.

VOC RAOs may be established at a later time based on the results of the ongoing SVE
pilot study discussed in Section 1.3.3. Therefore, subsequent discussion of soils in this
document refer to explosives-contaminated soil unless otherwise noted.

2.4 AREAS AND VOLUMES OF CONTAMINATION

Appendix D presents the calculations of the volume of the contaminated groundwater.
Table D-1 in Appendix D shows the average thickness of the saturated zone at different
areas at the Site based on the Rl Report. Tables D-2, D-3. and D-4 present the
calculations showing total estimated volumes of contaminated groundwater for the
Preliminary Target Cleanup Goals I, II, and III, respectively. These estimates were
calculated as follows:

+ Obtain average saturated zone thickness values from Table D-1 in Appendix D

* Assume a porosity of 0.25 (Freeze and Cherry. 1979)
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« Calculate volume of contaminated groundwater in each of the shallow,
intermediate, and deep zones by multiplying the combined TCE and RDX plume
area of that zone by its average thickness and porosity

+ Calculate the total volume of contaminated groundwater by summing up the
volumes for each zone

The composite areal extent of the contaminated groundwater was measured using
Microstation Version 4.03 and Drawings 2-1, 2-2 and 2-3.

The area and volume of contaminated groundwater are tabulated below.

Areas and Volumes of Contaminated Groundwater
Preliminary Target * Area Yolume
Groundwater Cleanup
Goals () (acres) (gallons) (acre-feet)
Cleanup Goal I 1.18E+8 2,720 1.19E+10 36,700
Cleanup Goal I 2.56E+8 5,880 2.26E+10 69,300
Cleanup Goal 111 2BIE+8 6,450 2 70E+10 82,800

Appendix E contains the calculations of the volumes of contaminated soil as determined
under OU1 (RUST, 1994c¢).

The volume of leaching soils was initially estimated at 2,600 cubic yards, and the estimate
will be refined when data from the OUl Predesign Investigation is available. The OU]

Predesign Investigation Report will be submitted in the Spring of 1995..

2.5 GENERAL RESPONSE ACTIONS
General response actions (GRAS) describe those broad classes of actions that will satisfy

the RAOs. The subsequent sections describe the GRAs for OU2 (groundwater and
leaching soils). The OUl GRAs are discussed in the QU1 FS Report (RUST, 1994a).

2.5.1 Groundwater

The following GRAs have been identified for groundwater.
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® No Action - This consists of leaving the Site "as is,” with provisions only for
monitoring the contamination. No active control or remediation would be
included.

¢ [Institutional Controls - This response -action prevents exposure to
contaminated groundwater which may include, but is not limited to, the
following:

- Access restrictions
- Alternate water source

- Point-of-entry controls

Groundwater monitoring of the analytes listed in Table 1-1 which includes COCs
and some of their degradation products is an institutional control.

¢ Containment - This involves physical restrictions on contaminant mobility
and/or water infiltration.

¢ Removal - This involves the direct physical removal of the contamination or
contaminant sources.

o Treatment - This consists of on-site and/or off-site measures to reduce
toxicity, mobility, and volume of the contaminated materials.

¢ Disposal - This involves measures to relocate contaminants in such a way as

to reduce their interaction with the public and the environment. Treatment
will address the COCs and their potential degradation products.

2.5.2 Leaching Soil

The following GRAs have been identified for leaching soil. The GRAs are consistent
with the GRAs developed for QU1 soils.

* No Action - This consists of leaving the Site "as is." No active control or
remediation would be included.

¢ Institutional Controls - This involves the creation and implementation of
responsibilities for restricting public and environmental contact with the
contaminants.
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* Containment - This involves physical restrictions on contaminant mobility
and/or water infiltration.

¢ Removal - This involves the direct physical removal of the contamination or
contaminant sources.

¢ Treatment - This involves on-site and/or off-site measures to reduce toxicity,
mobility, and volume of the contaminated materials.

+ Disposal - This involves measures to relocate contaminants in such a way as
to reduce their interaction with the public and the environment.

e Residuals Management - This consists of treatment of any sidestreams. end
products, and spent contaminated materials resuiting from in-situ or on-site
remediation, This response action may include on-site or off-site
containment/treatment/disposal.

* Solids Processing - This consists of removing any subsurface debris followed
by decontamination, separation from soil and decontamination. or

management with soil. Debris not managed with soil could be disposed of
on-site or off-site.

2.6 IDENTIFICATION, EVALUATION, AND SCREENING OF GROUNDWATER
REMEDIAL TECHNOLOGIES AND PROCESS OPTIONS

2.6.1 Intreduction

This section describes three activities that follow identification of the response actions
presented in Section 2.5.1.

¢ Identification of Remedial Technologies and Process Options
* Initial screening of Remedial Technologies and Process Options

¢ Evaluation and Screening of Technologies and Process Options Based on
Effectiveness. Implementability. and Cost.

The term remedial technology refers to general categories of technology types such as
biological treatment, chemical treatment. and thermal destruction. The term process
option refers to specific processes within each technology category. For example, under

E 92030 2FS2ACE 052292 224

BO7NE003702-08908



the technology category of biological treatment. there may be aerobic and anaerobic
treatment process options.

2.6.2 ldentification of Groundwater Remedial Technologies and Process Options

As one of the initial steps in the FS process. groundwater remedial technologies and
process options have been identified and presented in the table at the end of this section.
The technologies and process options for groundwater were assembled after extensive
review of:

¢ EPA documents

¢ EPA’s Alternative Treatment Technology Information Center (ATTIC) database

¢ Dialogue Information Services, Inc. database search (including ATTIC,
VISITT, NTIS, Enviroline, Inspec, Water Resources Abstracts, Federal
Research in Progress, and PTS databases)

¢ Pertinent technical journals and seminar/conference proceedings

¢ Information provided by remediation contractors

* WCC’s experience in hazardous waste remediation

Some of the EPA documents used in this review were:

* Remedial Action at Waste Disposal Sites Handbook (EPA. 1985)

¢ Technology Screening Guide for Treatment of CERCLA Soils and Sludges
(EPA. 1988c)

& Compendium of Technologies Used in the Treatment of Hazardous Wastes
(EPA, 1987)

*  Guide to Treatment Technologies for Hazardous Wastes at Superfund Sites
(EPA. 1980c)

E 920302 FS2 ACE 051295 2.25

BO7NE003702-08909



The groundwater remedial technologies and process options are tabulated below.

General Response Actions Remedial Technology Process Options

No Action None None

Institutional Controls Access Restrictions Deed Restrictions
Alternate Water Source Bottled Water

Extension of Nearby Water Supply System

Point-of-Entry Controls Point-of-Entry Water Treatment Units
Monitoring Groundwater Monitoring
Containment Hydraulic Controls Extraction Wells
Horizontal Barriers Grout Injection
Liners
Vertical Barriers Concrete Diaphragm
Grout Curtain
Sheet Piling
Stwry Wall
Vibrating Beam
Remaoval Extraction Extraction Wells
Interception French Drains and
Drainage Galleries
Treatment Biological Aerobic
Anaerobic
Powder Activated Carbon Treatment -(PACT)
In-Siw Aeration {Air Sparging)

Bioremediation
Permeable Treatment Beds

Off-Site Publicly Owned Treatment Works (POTW)

Physical/Chemical Alkaline Hvdtolysis

Coagulation/Flocculation

Dissolved Air Flotation

Disttllation

Evaporative Ponds

Filtration

Freeze Crystallization

Granular Activated Carbon (GAC)
Adsorption

Ion Exchange

Liquid/Liquid Extraction

Oil-Water Separation

Reverse Osmosis

Sedimentation

Supercritical Extraction

Air/Steam  Stripping

Supercritical Water Oxidation

Advanced Oxidation Process (AQP,

Physical/Chemical GAC
(air pollution contro}) Catalytic Oxidation
Thermal Incineration

Wet Air Oxidation
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General Response Actions Remediai Technology Process Options

Deep Well Injection
On-/Off-8ite Stream
Off-Site POTW
Recharge Trench/Basin
Reinjection Wells

Disposal Discharge

Reuse Agricultural
Industrial
Water Supply

2.6.3 Evaluation and Screening of Groundwater Remedial Technologies and Process
Options

The groundwater remedial technologies and process options identified in Section 2.6.2 are
first screened on the basis of technical implementability in accordance with the RI/FS
guidance document (EPA, 1988b)."

The table below describes the groundwater technologies and process options, and presents
initial screening comments. A brief description of each process option is included to
provide an understanding of each option and to assist in the evaluation of its techmical
implementability. The screening comments address the technical feasibility and ability
of a given process option to serve its intended purpose. The screening comments include

a statement as to whether each process option is potentially applicable or rejected.

Response Remedial . Process Option Screening
Action Technology Process Option Description Comments
No Action None None No action taken. Potentially
applicable
Institutional Access Restrictions Deed Deeds for property in the Poteatially
Controls Restrictions area of influence would applicable
include resiriction on wells.
Alternate Water Bofttled Water Bottled water in lieu of Potentially
Source groundwater for public use. | applicable
Extenston of Extension of a nearby Potentially
Nearby Water water distribution system to | applicable
Supply System include users of
groundwater at the Site.
Point-of-Entry Point-of-Entry Treatment of groundwater Potentially
Conirols Water at-the-tap applicable
Treatment
Units
Maonitoring Groundwater Sampling/analysis of Potentially
Meonitoring groundwater on a applicable
regimented time schedule.
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Response Remedial . Process Option Screening
Action Technology Process Option Description Comments
Containment Hydraulic Controls Extraction Series of wells 10 contain Potentially
Wells groundwater contamination applicable
plume
Vertical Barriers Concrete ‘Subsurface barrier of Rejected: not
Diaphragm " reinforced concrete panels. feasible due to

either cast-in-place or pre-
cast.

exiensive
length required
to the bottom
of
contaminated
aquifer.

Grout Curtain

Grout barrier pressure
injected into the subsurface
in unconsolidated matertals.

Rejected: not
feasible due to
extensive
length required
to the botiom
of
contaminated
aquifer and
lack of key in
lower unit.

Sheet Piling

Interiocked steel sheeting
driven into soil.

Rejected: not
feasible due to
extensive
length required
to the bottom
of
contaminated
aquifer.

Slurry Wall

Barrier of soil, water, and
bentonite slurry backfilled
into an excavated level
trench. {Portland cement is
also used.)

Rejected; not
feasible due 10
¢xtensive
length required
to the bottom
of
contaminated
aquifer.

Vibrating Beam

Grout injection after
vibrating a beam through
the subsurface.

Rejected: not
feasible due to
extensive
length required
to the bottom

of
contaminated
aquifer.
Removal Extracticn Extraction Series of wells 10 remove Potentially
Wells contaminated groundwater. applicable
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Flocculation

Response Remedial . Process Option Screening
Action Technology Process Option Description Comments
Removal Interception French Drains Subsurface perforated pipe Rejected: not
{Continued} and Drainage drains collect contaminated feasible due to
Galleries water. extensive
length required
to the bottom
of
contaminated
aquifer.
Treatment Biological Aerobic Degradation of organics Potentially
using micro-organisms in applicable
an aerobic environment.

Biological Anaerabic Degradation of organics Potentially

(Continued) using micro-organisms in applicable
an anaerobic eavironment.

PACT Activated sludge treatment Potentiaily
combined with powdered applicable
activated carbon.

In-Situ Air Sparging System of wells to inject Potentially
air into groundwater to applicable
remove volatiles by air
siripping.

Bioremediation System of injection and Potentially
extraction wells 10 applicable
introduce bacteria and
necessary nutrients to
contaminated areas.

Permeable Downgradient trenches Rejected: not

Treatment Beds | backfilled with activated feasible due to
carbon to remove extensive
contaminants from water. length required

to the bottom
of
contaminated
aquifer and
lack of key in
lower unit.

Off-Site POTW Extracted water discharged Potentially
to a POTW for applicable
treatment/disposal.

Physical/Chemical Alkaline Partial or complete Rejected. not

Hydrolysis oxidation of contaminants effective for
by addition of alkali. chemicals of

concern.

Coagulation’ Destabilization and removal | Rejected; not

of suspended particles by
chemical addition.

effective for
chemicals of

concern.
Dissolved Air Separation of solids in a Rejecied: not
Flotation suspension by injecting effective for
pressurized air. chemicais of
CONCern.
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Response Remedial . Process Option Screening
Action Technelogy Process Option Description Comments '
Treatment Physical/Chermnical Distitlation Evaporation followed by Rejected: not
{Continued) {Continued} condensation. effective for
low
contaminant
concentrations.
Evaporative Evaporation in open ponds. Rejected; not
Ponds effective for
chemicals of
concern.

Filtration Separation of suspended Rejected; not
solids by passing the liquid effective for
through a porous medium. low levels of

contamination.

Freeze Separation of water from Rejected: not

Crystallization waste streams containing effective for
hazardous substances by low levels of
cooling it until ice crystals contamination.
begin to form.

GAC Adsorption of contaminants Potentially

Adsorption to carbon. Spent carbon applicable
can be regenerated by
different means.

Ton Exchange Contaminated water is Rejected: not
passed through a resin bed effective for
where ions are exchanged the chemicals
between the resin and of concem.
water,

Liquid/Liquid Two liquids which are Rejected; not

Extraction mutually soluble may be effective for
separated by adding a third low levels of
liquid which is a solvent contamination.
for one of the original
compoenents but inscluble
in and immiscible with the
other.

Oil/Water Gravity force used to Rejected: not

Separation separate immiscible liguids effective for
with differing densities. low levels of

contamination.

Reverse Transport of a contaminant Rejected: not

Osmosis from the contaminated effective for
medium to another liquid chemicals of
medium across a semi- concern.
permeable membrane.

Sedimentation Settling of settleable solids Rejected: not
through gravity forces and effective for
their subsequent removal. chemicals of

concern.

Air/Steam Mixing of large volumes of { Potentially

Stripping air or steam with applicable
contaminated water in a
packed column to promote
the transfer of VOCs to air.
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Response Remedial ) Process Option Screening
Action Technology Process Option Description Comments l
1
Treatment Physical/Chemical Supereritical Use of supercritical carbon Rejected; not
{Continued) (Continued) Extraction dioxide to extract organics effective for
from aqueous streams. chemicals of
concern.

Supercritical * Contaminated water Rejected; not

Water pressurized and heated to effective for

Oxidation supercritical conditions 1o chemicals of
oxidize organic CONCeErmn.
constituents.

AOP Oxidation by addition of Potentially
chemicals {e.g.. ozone, applicable
hydrogen peroxide) with or
without ultraviolet light.

Physical/Chemical GAC Adsorption of contaminants Potentially
(air pollution control} | Adsorption to carbon. Spent carbon applicable
can be regenerated by
different means.

Catalytic Low temperature thermal Rejected: not

Oxidation destruction of organic effective for
compounds using a catalyst | treatment of
10 promote the oxidation chiorinated
process. Catzalyst may be compounds.
poisoned by chlorinated
compounds thus rendering
the process ineffective for
VOUC treatment.

Thermal Incineration Combustion of organics at Rejected; water
high temperatures, conient too
high.

Wet Air QOrganic materials are Rejected; not

Oxidation broken down at high effective for
temperatures and pressures. chemicals of

concern,
Disposat Discharge Deep Well [njection of extracted water Potentially
injection (treated or untreated) into a | applicable
deep well (on- or off-site}.

Off-Site POTW | Treated water shipped to an | Potentially
off-site POTW. applicable

On-/Off-Site Extracted/treated water Potentially

Stream discharged to a stream or applicable
such water body.

Recharge Treated water recharged Potentially

Trench Basin into the uppermost aquifer. applicable

Reinjection Treated water reinjected Potentially

Wells into the same aquifer. applicable

Reuse Agricultural Treated water is applied on FPotentially
land for irrigation, supplied apphlicable
to livestock operations. or
other use.

Industrial Treated water is used for Rejected: no
industrial application such major industry
as cooling waters. present.

E W02 FSIACE 0872298 2-31

BO7NE003702-08915



Response Remedial . Process Option Screening
Action Technology Process Option Description Comments
Disposal Reuse Water Supply Treated water is supplied 10 | Potentially
(Continued) (Continued) a municipally or other applicable
water user.

The groundwater technologies and process options that were retained after the initial
screening are evaluated in greater detail and further screened below. In accordance with
the RI/FS guidance document (EPA, 1988b). three criteria are used in evaluating the
technologies and process options: effectiveness. implementability, and cost. These are
brieflv described below.

Effectiveness: Specific process options are evaluated on the basis of effectiveness in

comparison to other processes within the same technology type. This effectiveness
evaluation focuses on:

e The potential effectiveness of the process option in handling the estimated
areas or volumes of media required to attain the remedial goals

¢ The potential impacts on human health and the environment of the process
option during the construction and implementation phases

® The practicality and reliability of the technology process for the contaminants
and conditions at the site

Implementability: Implementability encompasses both the technical and administrative
feasibility of implementing a technology process. Because technical implementability is
utilized as an initial screen of technology types and process options, this detailed
evaluation of process options places greater emphasis on the administrative aspects of
implementability. Aspects of implementability considered at this screening stage include
the ability to obtain necessary permits for on- or off-site actions, the maturity of the
technology. the availability of required treatment, storage. and disposal (TSD) services.
and the availability of required equipmenmt and skilled workers to implement the
technology.

Cost: The greatest cost consequences in site remediation are associated with the selection

of a technology type, whereas the costs of process options within a technology type
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typically vary less. Cost plays a limited role in the process option screening. Relative
capital and operation and maintenance {O&M) costs between process options in the same
technology type are used rather than detailed estimates of costs. The cost assessment at
this stage of the screening procedure is made by engineering judgment. Costs are
evaluated as high, moderate, or low. The cost levels are separated by order of magnitude

estimates.

The effectiveness, implementability, and cost screening of the groundwater process
options retained from the first screening is presented in the following table.

E w02 rs ACE (5 2245

II-J
a2
LeY]

BO7NE003702-08917



Response Action/
Remedial Technology

Process
Options

Effectiveness

Implementability

Cost

Status

No Action

None

No action
taken.

May require
periodic
monitoring of
aquifer.

Mo capital
and low
O&M costs.

Retain

Institutional Contrels

Access Restrictions

Deed
Restrictions

Effective
means of
limiting contact
with
contaminated
groundwater.
Also can
restrict future
land use. Does
not lower
consaminant
levels or
control future
uses of the
Site.

Legal means are
not available for
implemeniation.

Low capital
and O&M
COsts.

Reject

Altemate Water
Source

Bottled
Water

Effective
means of
eliminating
ingestion
exposure.

Does not lower
exposure from
dermal contact
or inhalation,
Does not lower
contaminant
levels or
controi future
uses of the
Site, However,
bottled water
may serve as
an interim
rneasure in
combination
with other
altermative
water supply
options,

Easily
implemented,

No capital
and low
annual
costs,

Reject

Extension
of Nearby
Water
Supply
System

Effective
means of
eliminating
exposure.

Does not fower
contaminant
levels or
control future
uses of the
Site.

Technically
implementable.
Administra-
tively infeasible,

High capital
and
moderate
Q&M costs.

Reject
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Response Action/ Process
Remedial Technology Options Effectiveness Implementability Cost Status
Point-of-Entry Point-of- Effective Easily Low capital | Retain
Controls Entry Water { means of implemented. and O&M
Treatment eliminating costs.
Units exposure.
Does not lower
contaminant
levels or
control future
uses of the
Site.
Monitoring Ground- Does not lower | Easily Low capital | Retain
water contamination, | implemented: and low to
Monitoring | but is an wells already moderate
Wells effective way installed. Q&M costs.
of determining
condition of
the aquifer.
Containment
Hydraulic Controls Extraction Effective and Easily Moderate Retain
Wells well- implemented. capital and
established Q&M costs.
technology.
Removal
Extraction Extraction Effective and Easily Moderate Retain
Wells well- implemented. capital and
established O&M costs.
technology.
Treatment
Biological Aerobic The technology | Easily Low 1o Reject
has not been implementad. moderate
proven 1o Treatability capital and
achieve the studies would be O&M costs.
required required.
cleanup goals.
Anaerobic The technology | Easily Low capital | Reject
has not been implemented. and O&M
proven to Treatability COSts.
achieve the studies would be
required required.
cleanup goals.
PACT The technology | Easily Moderate Reject
has not been implementad. capital and
proven to Treatability O&M cosis.
achieve the studies would be
required reguired,
cleanup goals.
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Response Action/

Process

Remedial Technology Options Effectiveness Implementability Cost Status
In-Situ Air Effective to Emerging High capital | Retain
Sparging remove VOUCs | technology which | and O&M
but not is not COSts.
explosives. commercially
available. May
require pilot
testing.
In-Situ (Continued} Bioremediat | Potentially Not feasible for Moderate Reject
ion uses effective the relatively large | capital and
and well- volume of O&M costs.
established contaminated
technologies, groundwater at the
Site.
Off-Site POTW The technology | Permitted facilities | High Reject
has not been with adequate transportatio
proven to capacity are far n and
achieve the from the Site; treatment
required POTWs may not costs.
cleanup goals. | accept the
Potentially uses | groundwater from
effective and the Site.
well-
established
technologies.
Physical/ GAC Effective for Easily Maoderate Retain
Chemical Adsorption | most organics. | implemented. capital and
moderate to
high O&M
costs,
Physical/Chemical Air/Steam Proven Commercially Moderate Retain
{Continued) Stripping technology to available., May capital and | Air
remove VOCs. | require off-gas O&M costs. | stripping;
Can be ireatment. Steam Reject
accomplished stripping steam
by using air or more costly | stripping
steam. Not than air
effective for stripping
treating but has no
explosives, added
benefit over
air
stripping.
AOP Effective for Easily High capital | Retain
treating most implemented. and
organics. May require moderate
bench- and pifot- Q&N costs.
scale testing.
Physical/Chemical GAC GAC treatment | Easily Moderate Retain
(air pellution control} is effective at implemented. capital and
removing Q&M costs.
VOCs from air
stripping
discharge.
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Response Action/ Process
Remedial Technology Options Effectiveness Implementability Cost Status
Disposal
Discharge Deep Well | Effective, Off-Site facilities | High Reject
Injection proven exist, but not close | transporia-
technology for | to the Site. tion and
disposal disposal
unireated costs for an
water. off-Site
facility.
High capital
and low
Q&M costs
for an on-
Site facility.
POTW Effective Permited facilities | High Reject
means of with adequate transporta-
disposing capacity are far tion and
treated water. from the Site. treatment
COStS.
On-/Ofi- Effective Easily Low capital | Retain
Site Stream | means of implemented. and O&M
disposing Regulatory permit | costs.
treated water. requirements.
Recharge Moderately Implementable. Capital and | Reject
Trench/ effective means O&M costs
Basin of disposing are prohibi-
treated water. tive
Reuse Reinjection | Moderately Impliementable. Moderate to | Retain
Wells effective means high capital
of disposing and O&M
treated water. cosis.
Reuse Agricultural | Effective Demand may not Moderate Retain
disposal means | be available for capital and
for treated year-round Q&M costs.
water. operation,
Water Effective Implementable. Moderate 10 | Retain
Supply disposal means | Water supply must | high capital
for treated be identified. and low
water. O&M costs.

A description of the remedial technologies and related process options and the rationale
for eliminating or retaining each is provided below.

2.6.3.1 No Action

The no action response is not a technology, but is required under the NCP as a baseline
against which other remedial alternatives may be compared. Under no action.

contaminated groundwater would be left undisturbed. The long-term human health and
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environmental risks would be the same baseline risk that exists if no remedial activity
takes place. The no action response does not achieve RAOs at the Site, but is retained
as required by the NCP.

2.6.3.2 Institutional Controls

Institutional controls are actions which are implemented to protect human health until such
time when the contaminants in the groundwater have been reduced to the Target
Groundwater Cleanup Goals. Institutional controls which are considered at the Site
include monitoring, restrictions imposed on access to property or uses of property, or the
supply of potable water to on-Site users.

Deed Restrictions - Reject

There are no legal instruments available for implementation of deed restrictions at the
Site. Deed restrictions have been rejected for further consideration based on input from
the University of Nebraska.

Bottled Water - Reject

Establishing a supply of bottled water is technically feasible. Bottled water protects
human health by preventing ingestion; however, it does not eliminate risk from dermal
contact and inhalation pathways. Bottled water has been rejected for further consideration
as a long-term, permanent water source. However, bottled water may serve as an interim
measure in combination with other alternative water supply options.

Extension of Nearby Water Supply System - Reject

Replacing domestic water supply wells with an extension of an existing nearby water
supply system is technically implementable. Lincoln Water System (LWS) is the only
nearby system with sufficient capacity. However, it is against LWS policy to extend its
distribution system beyond city limits. (WCC. 1994f). The process option was rejected
due to the administrative infeasibility.
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Peoint-of-Entry Water Treatment Units - Retain

Point-of-entry treatment units are currently being used for alternative water supply (See
Section 1.3.1), and have proven to be technically feasible for treating the COCs and other
analytes listed in Table 1-1. Therefore, point-of-entry treatment units have been retained
for further consideration.

Groundwater Monitoring - Retain

Groundwater monitoring wells are currently being used to monitor groundwater conditions
at the Site and are being retained for further consideration.

2.6.3.3 Containment

The principle of containment is to prevent or significantly reduce the expansion of
existing contamination. As such, reduction in toxicity and volume of contamination is not
emphasized.

Extraction Wells - Retain

Hydraulic containment involves extracting groundwater to create capture zones which
prevent downgradient migration. Because hydraulic containment involves contaminated
groundwater extraction, the volume of contaminated groundwater is inherently reduced
over time. Hydraulic containment is technically feasible and has been retained for further
consideration.

2.6.3.4 Removal

The principle of removal is to reduce the toxicity and volume of contaminated
groundwater. Hydraulic containment is generally not considered a removal technology.
although hydraulic containment involves the extraction (removal) of contaminated
groundwater.
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Extraction - Retain

The extraction of contaminated groundwater is technically feasible and has been retained
for further consideration.

2.6.3.5 Treatment

Treatment is the reduction of toxicity.' Groundwater can be treated using a number of
physical, chemical, or biological process, or a combination of different types of processes.
Some treatrment processes operate on extracted groundwater, and other processes operate
without extracting the groundwater (in-situ). The treatment processes will be evaluated
for the COCs and potential degradation products which are included in Table 1-1.

Biological Treatment - Reject

Above-ground biological treatment of extracted groundwater may include aerobic,
anaerobic, and PACT. The objective of biological treatment is to transform or destroy the
hazardous contaminants into non-hazardous end-products. This is accomplished by
treating the groundwater in bioreactors containing the appropriate microorganisms. These
reactors are typically supplemented with nutrients (nitrogen and phosphorus) for biological
growth,

Aerobic biological treatment involves biological transformations or destruction of
coniaminants using oxygen. where anaerobic treatment take place in the absence of
oxygen. PACT involves a combination of aerobic treatment and carbon adsorption.
Aerobic, anaerobic, and PACT biological treatment have been rejected because the

treatments are not effective at achieving the cleanup goals.

In-Situ Aeration - Retain

In-situ aeration {air sparging) is a treatment which may be effective for removing VOCs,
including TCE. from the groundwater but is not appropriate for treating explosives
contamination. Air sparging consists of the injection of air into the saturated zone of the
contaminated aquifer. and the subsequent collection and treatment of the resulting vapor
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in the unsaturated zone. VOCs are transferred from water to the air as the air moves
through the aquifer. Air sparging is an emerging technelogy which has been retained for
further consideration.

In-Situ Bioremediation - Reject

In-situ bioremediation uses microorganisms indigenous to the aguifer to treat the
contaminated groundwater. Typically, nutrients and oxygen must be injected into the
aquifer. In-situ bioremediation has been rejected because it is not effective at achieving
the cleanup goals, and it is not feasible when applied to the relatively large area and
volume of contaminated groundwater existing at the Site.

Off-Site Publicly Owned Treatment Works (POTW) - Reject

Treatment of nearby POTWs is not technically feasible because the POTWs do not have
the capacity to treat the expected volume of extracted groundwater. It is also estimated
that the cost of conveying the extracted groundwater to nearby POTWs will be relatively
high. Therefore, POTWSs have been rejected for further consideration.

Granular Activated Carbon (GAC) - Retain

GAC treatment involves passing the contaminated groundwater through a series of towers
which contain packed beds of GAC. The dissolved chemicals adsorb to the GAC at
different rates. As discussed in Section 1.3.5, a treatability study is currently being
conducted to generate GAC performance data for the Site groundwater and COCs. GAC
has been retained for further consideration. Theé GAC treatment will be evaluated for the
COCs and potential degredation products.

Air Stripping - Retain; Steam Stripping - Reject

Air stripping involves transferring VOCs from water to air by passing the water through
a packed tower against a forced air stream. Subsequent treatment of the air stream may
be required to remove the VOCs. Air stripping is a proven technology to treat VOC
contaminated water and is not effective for treating explosives contaminated groundwater.

E @330 2 FS2ACE 052295 2-41

BO7NE003702-08925



Air stripping has been retained for further consideration. The air stripping process will
be evaluated for the COCs and potential degredation products.

Steam stripping is similar to air stripping except that pressurized steam removes organic
compound that have higher boiling points. This is not an important consideration for the
COC VOCs at the Site. Because steam stripping is more costly than air stripping and has
no increased benefit, it is rejected for further consideration.

Advanced Oxidation Process {AOP) - Retain

The Advanced Oxidation Process (AOP) is an emerging technology which uses oxidants
such as hydrogen peroxide or ozone to treat extracted groundwater. Ultraviolet light may
aiso be used in conjunction with the oxidants. AOPs have not been used on a full-scale
basis. but bench- and pilot-scale systems have been successful in treating VOCs and
explosives. As discussed in Section 1.3.5, a treatability study is currently being conducted
to generate AOP gross performance data for Site groundwater COCs. AOP has been
retained for further consideration.

GAC Air Stream Polishing - Retain

If air stripping or air sparging are implemented, it may be necessary to remove VOCs
from the resultant air stream. Therefore, GAC air stream polishing has been retained for
further consideration as a potential component of a treatment train which involves either
air stripping or air sparging.

2.6.3.6 Disposal
Subsequent to treatment of the extracted groundwater, the treated water must be disposed.
The retained technologies discussed below may be grouped into two categories, either on-

/off-site stream discharge or beneficial reuse. Beneficial reuse includes recharge trench,
reinjection wells. agricultural reuse, and water supply reuse.
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Deep Well Injection - Reject

Deep well injection involves the injection of treated water into an aquifer at a depth
greater than the aquifer from which the groundwater was extracted. Deep well injection
is technically feasible, however it may be administratively difficult to obtain the necessary
regulatory approvals for on-site deep well injection. It is estimated that
conveyance/transportation costs associated with off-site deep well injection are relatively
very high. Therefore, deep well injection has been rejected for further consideration.

On-/Off-Site_Stream Discharge - Retain

Discharge of treated groundwater to an on- or off-site stream is technically feasible.
Administratively, procurement of approval to discharge will be required. On-/off-site
stream discharge has been retained for further consideration.

POTW Discharge - Reject

Discharge of treated groundwater to nearby POTWs is not technically feasible because the
POTWs do not have the capacity to handle the expected volume of treated groundwater.
Discharge to POTW has been rejected for further consideration.

Recharge Trench/Basin - Reject

Recharge of treated groundwater in an infiltration impoundment or trench is technically
feasible. A detailed analysis of infiltration as a disposal method during the Containment
Removal Action (the Contaminated Removal Action is discussed in Section 1.3.2)
indicated that the cost of infiltration was prohibitive, and recharge trenches/basins have
been rejected for further consideration.

Reinjection Wells - Retain

Reinjection of treated groundwater is technically feasible according to analyses performed
during the Containment Removal Action and reinjection wells have been retained as a
potential reuse of treated groundwater (WCC, 1995a).
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Agricultural Reuse - Retain
Agricultural reuse may include irrigation, livestock watering, or processing (i.e. soybean
washing). Agricultural reuse is technically feasible and has been retained as a potential

reuse of treated groundwater.

Water Supply Reuse - Retain

Water supply reuse may include providing the treated groundwater to a future rural water
district, and existing municipal water supply system, or the ARDC. Water supply reuse
is technically feasible and has been retained as a potential beneficial reuse for treated
groundwater.

2.7 IDENTIFICATION, EVALUATION, AND SCREENING OF LEACHING SOIL
REMEDIAL TECHNOLOGIES AND PROCESS OPTIONS

2.7.1 Introduction

Soil remedial technologies and process options have been identified, evaluated, and
screened in the OU1 FS Report (RUST, 1994a). The technologies and process options
which were retained form the basis for addressing the RAO for the leaching soils. The
two-step evaluation process described in Section 2.6.1 was used to screen the remedial
technologies and process options retained by the QU1 screening process.

2.7.2 Identification of Leaching Soil Remedial Technologies and Process Options
The soil remediation technologies and process options retained after screening in the QU1

FS Report and subsequently identified as potential leaching soil remedial technologies and
process options are tabulated below,
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Response Actions

Remedial Technology

Process Options

No Action

None

None

Institutional Controls

Monitoring

Groundwater Monitoring

Access Restrictions

Deed Restrictions

Fencing
Containment Capping Soil Cap
Removal Excavation Excavation
Consolidation
Treatment Thermal Treatment Rotary Kiln Encineration

Above-Ground Vitrification
Low-Temperature Thermal Desorption

Biotogical Treatment

Composting
Slurry-Based Biological Treatment

Disposal Actions

Land Disposal

Off-Site Secure Landfill
On-Site Secure Landfilf

Residuals Management
Actions

Water Treatment

On-5ite Treatment and Discharge
Off-Site Treatment and Discharge

Solids Treatment

On-Site Treatment and Disposal

Debris Removal Actions

Removal

With Soeil

Removal/Separation/Disposal/Management

2.7.3 Evaluation and Screening of Leaching Soil Remedial Technologies and Process

Options

The technical feasibility screening of leaching

options is presented below.

soil remedial technologies and process

Response Remedial Process Option Screening
Action Technology Process Option Description Comments

No Action None None No Action taken. Potentially

applicable

[nstitutional Monitoring Groundwater Institute groundwater Potentially

Controls Monitoring monitoring program. applicable

Containment Capping Soil Cap Cap covering waste Potentially
materials to minimize applicable,
infiftration of precipitation
and reduce potential for
groundwater
contamination.

Removal Excavation Excavation Soil removal using Potentially
standard earthwork applicable
equipment. shoring. and
€Ommon construction
practices,
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Response
Action

Remedial
Technology

Process Option

Process Option
Description

Screening
Comments

Removal
{ Continued)

Excavation
{Continued)

Consolidation

Stockpiling and sampling
contaminated soil near
excavated areas orin a
single centralized area
prior-to containment or
treatment actions.

Potentially
applicable

Treatment

Thetmal
Treatment

Rotary Kiin
Incinetration

A cylindrical, refractory-
lined shell with a slightly
inclined axis that rotates to
provide mixing of wastes
and combustion air while
heating wastes to
combustion temperatures.
Combustibles are
incinerated in an
afierburner.

Potentialiy
applicable

Above-Ground
Vitrification

Hazardous waste is
consolidated above-ground
and heated with elecirodes
to reduce organic
compounds to elemental
gas and carbon under
anoxic conditions.
Inorganic contaminants
remzin entrained in the
glass and siliceous melts.

Potentially
applicable

Low Temperature
Thermal Desorption

This includes a soil
aeration system consisting
of a thermal dryer, a bag
house for control of
particulate material, and an
afier-burner for off-gases.
Yariations of this process
may include a scrubber to
remove water soluble
gases and a vapor phase
carbon treatment system.

Patentially
applicable

Biological
Treatment

Composting

Degradation of organic
compounds in soil using
micreorganisms and
compost amendments.

Potentially
applicable

Slurry-Based
Biological Treatment

Aerobic or anaerobic
biclogical treatment of soil
in a water-based slurry.
Treatment may be
accomplished in tanks or
pits.

Potentialtly
applicable

Disposat
Actions

Land
Disposal

Off-Site Secure
Landfil]

Excavated contaminated
soil disposed of in an off-
site secure Jand§ll.

Potentially
applicable.

On-Site Secure
Landfill

Excavated contaminated
soil disposed of in an on-
site secure landfilf,

Potentially
applicable.
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Response Remedial Process Option Screening
Action Technology Process Option Description Comments

Residuals Solids On-Site Treatment Solids residuals from on- Potentially
Management | Treatment and Disposal site ireatment are applicable
Action treated/disposed on-site,
Debris Removal Removal/Separation/ Surface and subsurface Potentially
Removal Disposal/Management | debris such as concrete, applicable
Actions With Soil brick, boulders, wood,

metal, plastic. and glass
are removed from the
surface or separated from
excavated soil, and
decontaminated, if
necessary, and disposed.

The effectiveness. implementability. and cost screening of the leaching soil process
options retained from the first screening is presented below.
Response Action/
Remedial Proc':ess
Technology Options Effectiveness Implementability | Cost Status
No Action None No Action Taken [ No Action Taken None Retain
Institutional Controls Groundwater Does not achieve | Implementable No capital | Retain
Monitoring Monitoring RAQOs, but is an costs and
effective low O&M
indicator of cOsts
migration of
coniaminants.
Containment Seoil Cap Effective for Not Low Reject.
Capping reducing the implementable. capital
rate/concentratio The integrity of costs and
n of the cap cannot be low O&M
contaminants assured without COS1s.
entering the land use
groundwater. restrictions
facilitated using
deed restrictions.
Removal Excavation Effective for Implementable Low Retain
Excavation removal of with standard capital
contaminant construction costs and
source. equipment. no Q&M
Migration costs
potential is
eliminated after
sgurce is
removed.
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Response Action/

Remedial Pronfess

Technology Options Effectiveness Implementability | Cost Statos
Removal Consolidation | Facilitates Emplementable Low Retain

Excavation implementation with standard capital

{Continued) of treatment canstruction costs and
actions, equipment. no O&M

costs
Treatment Rotary Kiln Extensive full- Full-scale units High Retain

Thermal Incineration scale commercially capital
demonstrated available from costs and
success, many vendors. no Q&M
including Residuals may costs
explosives require further
treatment. treatment/disposal

Above-. Immobilizes Available from a High Reject
Ground both organic and | limited number of
Vitrification inorganic vendors, Energy
contaminants in intensive, Would
a stable vitreous require &
sofid. Ne treatability study.
demonstrated
success with
explosives,
Low Some vendors Would require Moderate Reject
Temperature claim explosives treatability to high
Thermal may be removed. | studies. Easily capital
Desorption Effectiveness implemented. costs and
uncertain due to Residuals may no O&M
waste and soil require further costs
type. No rreatment/disposal
demonstrated
success with
explosives.

Biological Composting There is Commercially Moderate | Reject
evidence of available from capital
detoxification several vendors. costs and
and Treatability study no O&M
polymerization, and process scale- | costs
but incomplete up required
mineralization. before
Estimated to not implementation.
be effective at
reducing
explosives
concentrations
below the
coneentrations
that define
leaching soils.
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Response Action/
Remedial Process
Technology Options Effectiveness Implementability | Cost Status
Biological Slurry-Based Laboratory Commercially Moderate Reject
(Continued) Biological studies have available from to high
Treatment shown high several vendors. capital
levels of Treatability study ! costs and
detoxification at and process scale- | no O&M
fairly rapid rates | up required costs
{30 days). before
Estimated 1o not implementation.
be effective at
reducing
explosives
concentrations
below the
concentrations
that define
leaching soils.
Disposal Actions Off-Site Effective for Least preferred Low Reject.
Land Disposal Secure reducing the option under the capital
Landfill rate/ NCP. costs and
concentration of low O&M
contaminants costs.
entering the
groundwater.
Disposal Actions On-Site Effective for Not Low Reject.
Land Disposal Secure reducing the implementable. capital
{Continued) Landfill rate/ The integrity of costs and
concentration of the landfill cannot | low O&M
contaminants be assured costs.
entering the without fand use
groundwater. restrictions
facilitated using
deed restrictions.
Residuals
Management Action
Solids Treatment On-Site Effectiveness Technically Low Retain
Treatment varies with implementable. capital
and Disposal processes. Agency approval costs and
Generalily. for backfilling no O&M
reliable with ireated soil costs
processes are on-site is
utilized for required.
secondary waste
streams.
E 9X0302FS2ACE 0572294 2.49

BO7NE003702-08933



Response Action/

R . Process
emedial .
Technology Options Effectiveness Implementability | Cost Status
Debris Removal
Action
Removal Removal/ Removal. Technically Low Retain
Separation/ separation. and implementable by | capital
Disposal/ disposal actions standard costs and
Management would be very construction no Q&M
With Soil effective in techniques. costs
managing debris:
because
contaminated
soil is non-

hazardous, debris
decontamination
may not be
required. Very
large debris may
require size
reduction prior
to disposal.

A description of the remedial technologies and related process options and the rationale
for eliminating or retaining each is provided below.

2.7.3.1 No Action

The no action response may be appropriate if it is determined that there is no benefit
associated with remediating leaching soils within the context of the groundwater
remediation (i.e., does the groundwater remediation benefit in terms of time, cost. or
protectiveness if the leaching soils are remediated).

2.7.3.2 Institutional Controls

Groundwater Monitoring Wells - Retain

Groundwater monitoring wells are currently being used to monitor groundwater conditions
at the Site and have been retained as a groundwater institutional control process option

in Section 2.6.3.2.
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2.7.3.3 Containment

Seil Cap - Reject

A soil cap would be constructed over the leaching soil areas. The cap would reduce the
infiltration of water from the ground surface through the leaching soils. The rate and
concentration of contaminants reaching the groundwater would be reduced. A soil cap
is not implementable because deed resirictions cannot be used to limit land use. Land use
restrictions are required to assure the integrity of the soil cap. Soil cap is rejected for
further consideration.

2.7.3.4 Removal
Excavation - Retain

Leaching soils would be removed to predetermined cut lines using primarily standard
excavation equipment. The contaminated soil could then be consolidated and treated.
Excavation is an effective means of reducing the potential for leaching sotils to contribute
to groundwater contamination and has been retained for further consideration. It is
anticipated that leaching soils would be excavated in conjunction with OU1 excavation

activities.

Consolidation - Retain

Consolidation of excavated material will be necessary to optimize any treatment process,
Consolidation has been retained for further consideration.

2.7.3.5 Treatment

Treatment is the reduction of toxicity. Thermal and biological treatment processes were
retained by the technical feasibility screening.
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Rotary Kiln Incineration - Retain

Rotary kiln incineration is an element in the treatment included as a part of the preferred
alternative identified in the OU1 Proposed Plan (RUST. 1994b).

The rotary kiln incinerator is a cylindrical refractory-lined shell mounted on a slight
incline and in a manner such that it can be slowly rotated. Wastes and fuels are
introduced into the high end of the kiln. The kiln's rotation constantly agitates the
material to expose the solids to oxygen and to improve heat transfer. Because the solids
are agitated, particulates entrained in the gas stream require post-combustion control. Ash
residues from the combustion process are discharged and collected at the low end of the
kiln. Exhaust gases typically pass to a secondary combustion chamber or afterburner for
further oxidation. These gases usually require acid gas or particulate removal. The ash
and the aqueous pollution control process residues from the incinerator may require
further treatment (e.g., solidification) prior to disposal. Rotary kilns have successfully
destroyed refractory compounds at destruction and removal efficiencies (DRE) in excess
of 99.9999 percent.

Rotary kilns can process solid particle sizes of up to 2 to 4 inches. Rotary kiln
incineration has demonstrated performance in destroying explosives in soil (IT 1987a,
1989). Due to the destruction of contaminants, no long-term management is associated
with rblary kiln treatment. The availability of many commercial vendors who use rotary
kilns makes this process option readily implementable. Large quantities (10 percent of
treated volume) of fly ash are expected due to the high clay content of the soil (Chemical
Waste Management, 1992¢). However, service providers contacted consider this to be an
operational factor which can be addressed through proper system design and operational
control. This process option is retamned for further consideration.

Above-Ground Vitrification - Reject

Vitrification of wastes involves electrical melting of contaminated solids to destroy.
remove, and/or immobilize contaminants. Soils are either consolidated into piles (above-
ground) or left in-place (in-situ), and electrodes are placed in an array in the soil. The
electrodes heat the soil to temperatures of 1,600 degrees to 2,000 degrees Celsius to
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destroy or remove organic contaminants and entrain the inorganic contaminants. The
organic constituents are reduces to elemental gas and carbon either within the soil or after
removal. Because of the destruction of contaminants, no long-term management is
associated with vitrification. Inorganic contaminants remain entrained in a siliceous melt
which forms a stable vitreous sohid when cooled.

Above-ground vitrification is a modified in-situ technology that relics on the adequate
characterization of contaminant concentrations for its ensured success. This process has
an organic concentration loading limit of 3 to 10 percent (Geosafe, 1992). Also,
vitrification adds heat to soil within the melt area and thus, could present a hazard when
applied to high concentrations of explosive compounds. The possible presence of
detonation hazards and the organic concentration loading limit would make necessary the
excavation, consolidation, and blending of site soil. The vitrification process has been
implemented at full scale on only a few sites; however. it has been demonstrated for
explosives-contaminated soil at the bench scale as described in the OU 1 FS Report
(RUST, 1994a). Because this treatment technology has not been previously used
successfully at full-scale for explosives-contaminated soil, this process option is rejected
for further consideration.

Low _Temperature Thermal Desorption - Reject

Two types of low-temperature thermal desorption (LTTD) systems are currently in use.
One is directly fired, where heated air is forced countercurrent to soil flow, and the other
is indirectly fired, where soil is heated in an oxygen-free atmosphere. Both use rotary
shells to ensure uniform heat transfer and to remove organic compounds at temperatures
less than about 1,000 degrees Fahrenhent. Organic compounds are vaporized, then
removed from the vapor phase by condensation, carbon adsorption. or combustion. If
vapors are condensed, they are separated into organic and aqueous phases by an oil-water
separation unit. The gas stream is then discharged through a stack. Process residuals may
include processed soil, a condensed organic liquid phase. an aqueous liquid stream. ash
from an afterburner. spent carbon. and air emissions.
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LTTD systems are generally used to remove volatile and semi-volatile organic compounds
from soil. Clayey soil may require longer residence times than looser, larger-grained
soils. This reduction of process rate will cause increases in cost {(Chemical Waste
Management, 1992b). Although this technology was deemed not effective for explosives-
contaminated soil at one site in a study conducted for the U.S. Army Toxic and
Hazardous Materials Agency (IT, 1987b), several technology vendors interviewed
{Chemical Waste Management, 1992a; Canonie, 1992) believed that their process units
could treat explosive compounds. These firms recommended the use of an afterburner to
treat desorbed organic compounds. Because this treatment technology has not been
previously used successfully at full-scale for explosives-contaminated soil, this process
option is rejected for further evaluation.

Composting - Reject

Composting is an aerobic biological treatment process in which contaminated soil is
mixed with organic amendments such as sewage sludge, vegetable wastes, or animal
manure, and bulking agents, such as sawdust, bark. straw, or wood chips, to produce an
environment in which thermophilic (active at relatively high temperatures) microorganisms
flourish. Bulking agents create void volume in the compost, allowing for sufficient
aeration. The enhanced biological activity tends to speed the degradation process.
Organic contaminants are transformed along with the organic amendments, which serve
as the main carbon source for the microorganisms.

A literature survey of bioremediation for degradation of explosive chemicals in soils was
conducted. Bioremediation has been accomplished via both composting and slurry-based
biclogical treatment processes. Information for both processes from known publicly
available references is summarized and the references listed in Appendix F.

Success with composting explosives has been demonstrated at a number of test sites using
aerated static pile methods, windrowing. and a mechanically agitated vessel method
{Roy F. Weston, Inc., 1988, 1989a, 1989b, USAEC, 1993). TNT has been degraded from
3.800 mg/kg to 40 mg/kg, RDX from 600 mg/kg to 46 mg/kg, and HMX from 300 mg/kg
to 60 mg/kg in an aerated static pile system (Roy F. Weston, 1991). Agitated vessel
experiments have resulted in reduction of TNT concentrations from 3.000 mg/kg to
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6 mg/kg. RDX from 575 mg/kg to 4 mg/kg, and HMX from 120 mg/kg to 6 mg/kg
{(Roy F. Weston, 1991). However. experiments using radio-labeled TNT indicated
mineralization of less than 1 percent by the conversion to carbon dioxide, water, and
inorganic nitrogen compounds (Isbister, etal., 1982). In windrow composting
demonstrations, concentrations of TNT, RDX, and HMX were reduced by over
99 percent, over 99 percent, and over 96 percent, respectively. Leachate toxicity and
extractable mutagenicity test showed significant reductions of toxicity (USAEC, 1993).

Development of this technology is still in progress. Explosives compounds do not appear
to be mineralized, but are transformed to unknown compounds and immobilized in the
compost matrix. Detailed composting treatability information is not available to date for
all explosives at the Site. Excavation, composting, and on-site disposal has been
recommended as the preferred remedial alternative for explosives-contaminated soil at the
Umatilla Army Depot in Hermiston, Oregon (EPA. 1992b). Although research is being
conducted to obtain Site-specific composting treatment information, it is not estimated that
composting will reduce explosives concentrations below the concenirations which define
leaching soils. Composting is rejected for further consideration.

Slurry-Based Biological Treatment - Reject

Slurry-based biological treatment can be accomplished either in mechanically agitated
vessels or in a lined pit or "biopad”. Nutpients (e.g., phosphorus and nitrogen) and water
are added to soil to create a slurry of 20 to 50 percent solids (Treatek, 1992). In some
cases, organic substrates and/or a population of microorganisms specifically acclimated
to site contaminants (an inoculum) may be added. Proper conditions of pH, temperature,
and redox potential are necessary for transformation of organic contaminants into less
hazardous compounds. Conditions may be manipulated such that either aerobic or

anaerobic biodegradation takes place at a given time during treatment.
A literature survey of bioremediation for degradation of explosive chemicals in soils was
conducted. Bioremediation has been accomplished via both composting and slurry-based

biological treatment processes. Information for both processes from known publicly
available references is summarized and the references listed in Appendix F.
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Recent bench scale experiments conducted at the U.S. Army Engineer Waterways
Experiment Station (WES, 1992) on mixed tank, aerobic shurry biodegradation indicate
that TNT can be reduced from 10,000 mg/kg to below 5 mg/kg. In separate studies with
radicactive-labeled TNT, approximately 15 percent of the TNT was completely
mineralized. :

An anaerobic slurry-based biotreatment system has been accepted into USEPA’'s
Superfund Innovative Technology Evaluation (SITE) Program and is undergoing pilot-
scale testing at the former Weldon Springs Ordnance Works near St. Louis. Missouri.
This is the largest scale test which has been conducted for anaerobic bioslurry treatment
of explosives-contaminated soil. Slurry-reactor bioremediation has several advantages
over composting:

¢ Superior mixing and nutrient transfer for the contaminant-microbe interface

* Better control of environmental parameters which effect biotreatment
including temperature, dissolved oxygen (where appropriate), pH, and nutrient
concentration

¢ More uniform conditions throughout the reactor resulting in more uniform
treatment

* Residual volume of treated soil is not increased through the addition of
bulking agents. In spite of the above advantages. composting would appear
to be a more economical process

Although research is being conducted to obtain Site-specific slurry-based biological
treatment information, it is not estimated that this treatment will reduce explosives
concentrations to below concentrations which define leaching soils.  Slurry-based
biological treatment is rejected for further consideration.

2.7.3.6 Disposal Actions

Off-Site Secure Landfill - Reject

Leaching soils would be excavated, consolidated. and transported to an off-site secure
tandfill. This action would transfer the potential for leaching soils to contribute to
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groundwater contamination at the Site to the groundwater beneath the landfill. This is the
least preferred option under the NCP. Off-site secure landfill is rejected from further
consideration.

On-Site Secure Landfill - Reject

Leaching soils would be excavated, consolidated. and placed in a secure landfill
constructed on-site. This option would transfer a (reduced) potential for leaching soils to
contribute to groundwater contamination between geographic areas at the Site. Land use
restrictions are required to assure the integrity of the landfill. Because deed restrictions
cannot be used to obtain land use restrictions, on-site secure landfill is rejected for further
consideration.

2.7.3.7 Residuals Management Actions

On-Site Treatment and Disposal - Retain

The treatment technologies discussed previously produce residual wastewater and
decontamination wastewater. Liquid residuals may not require treatment if contaminant
levels are acceptable as defined by the ARARs, including the Clean Water Act (CWA)
and associated state requirements. Various physical, chemical, and biological treatment
processes are appropriate for different types of wastewater streams which would be
produced by different soil treatment technologies. Water could be discharged to Clear
Creek or possibly to other streams or drainage ditches on-site. This process option is
retained for further consideration in conjunction with groundwater treatment technologies.

2.7.3.8 Debris Removal Actions

Removal/Separation/Disposal/Management with Soil - Retain

Surface and subsurface debris removal will be required at many contaminant source areas

before removal actions for soil may be implemented. Debris removal may include:
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¢ Removal and treatment/disposal of surface debris such as wood. metal scrap
and concrete structures,

¢ Removal, separation from soil and treatment/disposal of bucket trap sumps,
associated concrete aprons. and inlet and outlet piping/structures.

* Removal and disposal of tree and brush cover.

* Removal and relocation {on-site) of large structures such as escape chutes,

Surface debris containment or disposal procedures may include the following options:

e Haul to an off-site authorized landfill.

¢ Place in on-site capped area (if implemented for explosives-contaminated
soil).

* Place in on-site landfill (if implemented for explosives-contaminated soil).

Subsurface debris may be removed/disposed depending on size. Large subsurface debris
may be separated from soil during excavation/consolidation and disposed with surface
debris. Small subsurface debris may be managed with excavated soil: however, it may
be removed by subsequent pre-process screening. In the latter case, the contaminated
debris will be taken to an off-site disposal facility. In the QU1 FS Report (Rust, 1994a),
subsurface debris are assumed to be non-hazardous under RCRA because the Site soil is
unlikely to be hazardous under RCRA. The same assumption was used during OUI1 (SEC
Donohue, 1992),

Debris removal may pose potential physical hazards to workers; however, these risks can
be controlled by safe work practices. Dust generated during debris removal would be
managed by standard practices. This action uses standard construction techniques and
equipment. and is therefore considered reliable and implementable. Debris removal is
retamned for use in conjunction with on-site treatment actions.
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2.8 SUMMARY OF RETAINED REMEDIAL TECHNOLOGIES AND PROCESS

OPTIONS

2.8.1 Groundwater

The retained groundwater technologies and process options are tabulated below,

Retained Groundwater Remedial Technologies and Process Options

General Response Actions

Remedial Technologies

Process Options

No Action

None

None

Institutional Controls

Alternate Water Supply

Point-of-Entry Treatment
Units

Monitoring

Groundwater Monitoring
Wells

Containment Hydraulic Controls Extraction Wells
Removal Extraction Extraction Wells
Treatment In-Situ Air Sparging
Physical/Chemical GAC Adsorption
Air Stripping
AOQOP
Physical/Chemical GAC
(air pollution control)
Disposal Discharge On-/Off-Site Stream

Discharge

Beneficial Reuse

Reinjection Wells

Agricultural

Water Supply
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2.8.2 Leaching Soils

The retained leaching soils technologies and process options are tabulated below:

Retained Leaching Soils Remedial Technologies and Process Options

General Response Remedial Process Options
Actions Technologies

No Action None None

Institutional Controls Monitoring Groundwater Monitoring
Removal Excavation Excavation

Consolidation

Treatment Actions Thermal Rotary Kiln Incineration
Residuals Management Treatment On-Site Treatment and
Actions Disposal

Debris Removal Actions Removal Removal/Separation/Disposal

/Management with Soii
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3.0
DEVELOPMENT AND SCREENING OF ALTERNATIVES

3.1 INTRODUCTION

In this section, the retained technologies and related process options summarized in
Section 2.8 are developed into preliminary remedial alternatives to address contaminated
groundwater at the Site. These preliminary aiternatives are then screened based on the
three criteria (effectiveness, implementability, and cost) to reduce the number of
alternatives which will undergo detailed analysis. These criteria are the same used in the
second screening evaluation presented in Section 2.0, but they are applied to alternatives
as a whole rather than to process options or technologies. The nine evaluation criteria
which are used during the detailed analysis of alternatives in Section 4.0 (with the
exception of state acceptance and community acceptance) form the components for the
three screening criteria, as listed below.

Effectiveness

Overall Protection of Human Health and Environment

Compliance with applicable or relevant and appropriate requirements
(ARARs)

Minimizes residual risks and affords long-term effectiveness and permanence
Reductions in toxicity, mobility. and volume through treatment

Minimizes short-term impacts and how quickly it achieves protection

Implementability

¢ Implementability

»!
=
2}

e (Cost
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3.2 ASSEMBLE PRELIMINARY ALTERNATIVES

Preliminary alternatives are assembled by combining different remedial technology types

and/or process options to form preliminary remedial alternatives that can attain the RAQOs

for OQU2. The following rationale were used in assembling the alternatives:

The No Action alternative includes groundwater monitoring of the analytes
listed in Tabte 1-1 and is included to provide a baseline against which other
alternatives may be compared

All alternatives except for the No Action alternative will include point-of-
entry treatment systems for impacted residential supply wells within the area
of attainment, and that treatment will reduce exposure associated with
unacceptable human health risks

All alternatives except for the No Action alternative protect groundwater users
outside the area of attainment by reducing the potential for additional
continuing areal expansion of contamination through hydraulic containment

All groundwater which is extracted as a part of the remedial alternative will
be treated to applicable water quality standards, and the treatment option will
be selected during the remedial design

All treated groundwater will be disposed through either stream discharge or
beneficial reuse, and if beneficial reuse is selected, a study will be conducted
at a later time to select the specific beneficial reuse

All potential treatment will be evaluated for the COCs and the water will be
monitored for the analytes listed in Table 1-1

All leaching soils which are excavated as a part of the remedial alternative

will be treated by incineration and subject to residuals management and debris
removal

Eleven preliminary alternatives for OU2 were developed using the rationale above. The

preliminary aklternatives are illustrated below:
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The preliminary alternatives are described below:

Alternative 1 - No action: Alternative 1 consists of only groundwater monitoring.
Evaluation of the no action alternative is required by the NCP to provide a baseline for
comparison with other alternatives.

Alternative 2 - Hydraulic Containment:  Alternative 2 consists of the hydraulic
containment of the contaminated groundwater at the downgradient edge of the area of
attainment, point-of-entry treatment systems supplying potable water (potable water
supply). and groundwater monitoring.

Alternative 3 - Hydraulic Containment with Soi] Excavation: Alternative 3 consists of all
of the elements of Alternative 2 plus the excavation and incineration of the leaching soils.

Alternative 4 - Hydraulic Containment with Air Sparging: Alternative 4 consists of all
of the elements of Alternative 2 plus air sparging in the Atlas Missile Area where there

are relatively high concentrations of TCE in the groundwater without the presence of
explosives.

E 020302 FS2ACE 052295 3-3

BO7NE003702-08948



Alternative 5 - Hydraulic Containment with Air Sparging and Soil Excavation:
Alternative 5 consists of all of the elements of Alternative 2, air sparging in the Atlas

Missile Area, and the excavation and incineration of leaching soils.

Alternative 6 - Focused Extraction: Alternative 6-consists of all of the elements of

Alternative 2 plus additional groundwater wells which focus groundwater extraction in

areas with relatively high TCE and/or RDX concentrations.

Alternative 7 - Focused_Extraction and Soil Excavation: Alternative 7 consists of all of

the elements of Alternative 6, plus excavation and incineration of leaching soils.

Alternative 8 - Focused Extraction with Air Sparging: Alternative 8 consists of all of the
elements of Alternative 2, additional extraction wells in areas with relatively high RDX

and/or TCE concentrations (except for the Atlas Missile Area where TCE are present and
explosives are not), and air sparging in the Atlas Missile Area to address the TCE-only
groundwater contamination.

Alternative 9 - Focused Extraction with Air Sparging and Soil Excavation: Alternative
9 consists of all of the elements of Alternative 8 plus excavation and incineration of the

leaching soils.

Alternative 10 - Groundwater Extraction: Alternative 10 consists of all of the elements
of Alternative 2 plus additional groundwater wells to extract contaminated groundwater
throughout the area of attainment.

Alternative 11 _Groundwater Extraction and Soil Excavation; Alternative 11 consists of

all of the elements of Alternative 10 plus the excavation and incineration of leaching soils.
3.3 SCREENING OF ALTERNATIVES

The three screening criteria. effectiveness, implementability. and cost. are applied to the
preliminary remedial alternatives. The preliminary alternatives that are retained by the
screening process will undergo a more thorough evaluation in the detailed analysis phase
of the FS.
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3.3.1 Effectiveness

Preliminary Alternative 1 does not provide an immediate reduction in human health risk
for existing or potential future groundwater users. There is no environmental protection
because Preliminary Alternative 1 allows the continued migration of contaminated
groundwater. Because Preliminary Alternative 1 is not protective of human health and
the environment. it is not considered further in the screening analysis. However,

Preliminary Alternative 1 is retained as a baseline for comparison of other alternatives.

The remaining preliminary alternatives use point-of-entry treatment systems and
groundwater extraction to protect current and potential future groundwater users. These
preliminary alternatives provide environmental protection by containing contaminated
groundwater and minimizing its potential for migration past the downgradient edge of the
area of attainment. Preliminary Alternatives 4 and 5 preferentially extract or in-situ treat
TCE-contaminated groundwater with air sparging. Preliminary Alternatives 8 and 9 also
include in-situ treatment of TCE-contaminated groundwater with air sparging as well as
focused extraction of groundwater with relatively high concentrations of RDX or RDX
and TCE combined. Therefore, there is no additional incremental benefit associated with
Preliminary Alternatives 4 and 5 relative to Preliminary Alternatives 8 and 9. Preliminary
Alternatives 4 and S are rejected on that basis and are not considered further.

The potential for contaminated soils to be a continuing source of groundwater
contamination will be reduced by soil excavation and treatment in Preliminary
Alternatives 3, 7, 9, and 11, providing additional protection of human health and the
environment.

Preliminary Alternatives 2, 3, and 6 through 11 can be designed to comply with chemical-
specific. location-specific, and action-specific ARARs,

Preliminary Alternatives 2, 3, and 6 through 11 control residual risk by point-of-entry
groundwater treatment systems at impacted residences, and downgradient groundwater
users are protected by the element of hydraulic containment. Residual risk is further
reduced in Preliminary Alternatives 6 through 11 by either groundwater exiraction wells

(In addition to the containment systems), or the air sparging systems. or a combination of
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both. Soil treatment associated with Preliminary Alternatives 3, 7. 9. and 11 reduces the
potential for residual risk associated with the transfer of contaminants from the soil to the

groundwater.

The point-of-entry treatment systems associated with Preliminary Alternatives 2, 3, and
6 through 11 are reliable and adequate to treat the contaminants of concern over the long-
term. Hydraulic containment and the other extraction systems which are a part of
Preliminary Alternatives 2, 3, and 6 through 11 are reliable when the adequacy of the
systems are monitored. Air sparging (Preliminary Alternatives 8 and 9) is an emerging
technology whose reliability and adequacy must also be monitored. Long-term
engineering controls are not necessary for the soil treatment included as a part of
Preliminary Alternatives 3, 7, 9, and 11.

Proven and effective technologies (GAC and air stripping) and the emerging technology
AOP. which is considered implementable and for which treatability studies are being
conducted. are being considered for the treatment of COCs in extracted groundwater. The
air sparging element of Preliminary Alternatives 8 and 9 is an emerging technology.
Incineration of leaching soils (Preliminary Alternatives 3, 7, 9, and 11) is a proven and
effective treatment process.

Preliminary Alternatives 2. 3, and 6 through 11 will eventually destroy all COCs in
groundwater above the Target Groundwater Cleanup Goals. The destruction of COCs and
their associated degradation products will be monitored by analyzing groundwater samples
for the analytes listed in Table 1-1. Explosives contamination in approximately
2.600 cubic yards of leaching soil will be destroyed as part of Preliminary Alternatives
3.7.9. and 11.

For Preliminary Alternatives 2, 3. and 6 through 11. the groundwater contaminants remain
mobile but the mobility is managed through hydraulic containment. Those preliminary
alternatives reduce the volume of contaminated groundwater through extraction. and the
toxicity is reduced through treatment. The thermal treatment of soils (Preliminary
Alternatives 3, 7, 9, and 11) reduces toxicity, mobility, and volume of contaminated soils.
and reduces the potential contribution to groundwater contamination.
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The treatment process options included for soil and groundwater as a part of Preliminary
Alternatives 2, 3, and 6 through 11 destroy the contaminants or transfer them to another
media and are therefore irreversible.

Residual materials resulting from the treatment of groundwater and leaching soils are

manageable and do not pose residual risk when properly managed.

The objective of hydraulic containment is to prevent the further downgradient migration
of contamination. rather than the clean up of the aquifer. As such, the restoration time
frame estimate using hydraulic containment of groundwater within the area of attainment
is essentially perpetuity. Therefore, the cleanup of leaching soils included in Preliminary
Alternative 3 does not realize a benefit in terms of time. yet the cost will be higher than
hydraulic containment alone (Preliminary Alternative 2), without a significant increase in
the degree of human-health protectiveness. On that basis, Preliminary Alternative 3 does
not provide any benefit and is rejected and not considered further.

The objective of the other remedial technologies which involve supplemental extraction
or in-situ treatment 1s to clean up groundwater contamination {as opposed to containment),
and the restoration time frame estimates will be time periods less than perpetuity.
Preliminary alternatives which do not include soil excavation and treatment (Preliminary
Alternatives 2, 6, 8, and 10) will have restoration time frames estimates which account
for continuing contamination from leaching soils. These restoration time frame estimates
will be longer than restoration time frames which are estimated based on cleanup of
currently existing groundwater contamination alone because the leaching soils would have
been remediated (Preliminary Alternatives 7, 9, and 11).

Risk to the community is not significantly increased by the implementation of
groundwater remedial technologies which are included as elements of Preliminary
Alternatives 2 and 6 through 11. and any additional risk can be managed by engineering
controls. For Preliminary Alternatives 7. 9, and 11, there is potential for exposure due
to airborne emissions during excavation and treatment of contaminated soils. All such
risks are manageable.
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Preliminary Alternatives 3, 4, and 5 were rejected for further consideration on the basis
of effectiveness.

3.3.2 Implementability

Preliminary Alternatives 2 and 6 through 11 possess the same degree of implementability
with the exception of Preliminary Alternatives 8 and 9 which rely on air sparging. an
emerging technology. The emerging technology status means that the alternatives may
be more difficult to implement.

No preliminary alternatives were rejected on the basis of implementability.
3.3.3 Cost

Comparative cost rankings for preliminary alternative capital costs and O&M costs are
presented in this section. The comparative cost ranking categories are "low”, "medium”,
and "high". A "low" cost is estimated to be less than one-half of the cost of the median
{by ranking) alternative. The "medium" cost is estimated to be more than one-half. but
less than two times the median cost, and the "high" cost is estimated to be more than iwo
times the median cost. Section 4.0 will present quantified cost estimates as a part of
detailed analysis of the retained alternatives.

No preliminary alternatives were rejected on the basis of cost.

3.3.3.1 Capita] Cost Categorization

The groundwater remedial technologies components of the remaining preliminary
alternatives include the point-of-entry treatment systems. the groundwater extraction wells,
the groundwater treatment systems, the piping to convey the extracted water from the
wells to the treatment plant, and the discharge works. The remaining preliminary
alternatives are ranked below in order of increasing total extraction flowrate:

¢ Precliminary Alternative 2
¢ Preliminary Alternatives 8§ and 9
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¢ Preliminary Alternatives 6 and 7
e Preliminary Alternatives 10 and 11

Using the flowrate ranking to assign the preliminary alternatives to the general cost
categories. Preliminary Alternatives 2, and 6 through 9 are categorized as medium cost,

and Preliminary Alternatives 10 and 11 are assigned to the high cost category.

It is estimated that air sparging capital costs normalized per unit area of contaminated
aquifer will be greater than the corresponding capital cost for groundwater extraction and
treatment plant capacity. Based on the estimated cost differential of air sparging,
Preliminary Alternatives 8 and 9 are re-categorized as high cost.

One-time costs associated with soil excavation and incineration are included in the capital
cost of the alternatives. These one-time costs include excavation, consolidation,
incineration debris removal, and residuals management of the leaching soils. It is
assumed that all capital costs of the incinerator will be accounted for as OUl costs.
Therefore. it is estimated that the inclusion of leaching soils excavation and incineration
costs are low enough that there is no change to the preliminary alternatives cost
categorizations.

The categorization of preliminary alternative capital cost is tabulated below:

Preliminary Alternative Capital Cost Category

2 Medium

6

7

g8 High

9

10

3

The capital cost categorization indicates that Preliminary Alternatives 2 and 6 through 11
be retained for further consideration.
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3.3.3.2 Annual Operation and Maintenance Cost Ranking

In a manner similar to capital costs, it is esttmated that annual O&M costs will increase
with increasing total extraction flowrate. However, it is estimated that the annual O&M
costs associated with the different flowrates will be similar enough to be categorized in
a single group. Based on total extraction flowrates, the annual O&M costs for all of the
remaining flowrates are categorized as medium.

It is estimated that the annual O&M costs associated with air sparging and groundwater
extraction (Preliminary Alternatives 8 and 9) are not significantly different from the costs
associated with extraction wells only (Preliminary Altematives 6 and 7).

The estimated annual O&M costs associated with soil excavation and incineration are
estimated to be low. The addition of these low (soil) O&M costs tc the estimated
medium (groundwater) O&M costs results in estimated costs below the high cost
categorization. Therefore, the remaining annual O&M costs for preliminary alternatives
are all categorized as medium.

The annual O&M cost categorization indicates that Preliminary Alternatives 2 and 6
through 11 be retained for further consideration.

3.4 SUMMARY OF THE RETAINED ALTERNATIVES

Preliminary Alternatives 1, 2, and 6 through 11 were retained during the screening
evaluations. The alternatives have been redesignated as shown on the summary table
below.
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4.0
DETAILED ANALYSIS OF ALTERNATIVES

The detailed analysis of alternatives for the FS -is designed to provide sufficient
information concerning each potential remedial alternative for selecting an appropriate
remedy for the Site. The analysis presented herein is in accordance with the procedure
used to evaluate CERCLA sites. As such, the detailed analysis evaluates each alternative
with respect to the nine criteria detailed in the RI/FS guidance (EPA. 1988b) and the
NCP. The detailed analysis concludes with a comparative analysis of the alternatives.

The evaluation criteria are discussed in Section 4.1. In Section 4.2, general site elements
(i.e., elements common to all the alternatives) are described. In Section 4.3, the remedial
alternatives developed in Section 3.0 are fully described and analyzed using the nine
evaluation criteria. Section 4.4 presents the comparative analysis of alternatives and the

cost sensitivity analysis.
4.1 DESCRIPTION OF EVALUATION CRITERIA

During the detailed analyses. each alternative is presented in sufficient detail so that its
performance can be evaluated with respect to the following seven criteria:  overall
protection of human health and the environment; compliance with ARARs; long-term
effectiveness and permanence; reduction of toxicity, mobility. or volume through
treatment: short-term effectiveness; implementability. and cost. Following completion of
the public comment period, two additional criteria; state and community acceptance, are
evaluated. making a total of nine criteria.

Revisions to the NCP in 1990 (Federal Register, 1990) suggested the separation of the
nine criteria into three categories:

Threshold Criteria:

® Overall protection of human health and the environment
¢ Compliance with ARARs
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Balancing Criteria

Long-term effectiveness and permanence
Reduction of toxicity, mobility or volume
Short-term effectiveness

Implementability

Cost

Modifying Criteria

* Community acceptance
s State acceptance

An alternative must meet the threshold criteria to be eligible for selection. The balancing
criteria are then applied. These balancing criteria are the primary technical criteria upon
which the detailed analysis is based. They are used to assess the positive and negative
aspects of performance, implementability, and cost. In the case of a CERCLA site. the
modifving criteria do not impact the comparison of alternatives until the Record of
Decision (ROD) for a site is prepared. At the time of the ROD, the modifying criteria
can be used to adjust the components of a given alternative or change the preferred
alternative.

The following paragraphs describe each of the nine criteria.
4.1.1 Threshold Criteria

Threshold criteria focus on how risks posed through each exposure pathway are reduced.
controlled, or eliminated through institutional controls, engineering controls, or treatment,
There are two threshold criteria: 1) overall protection of human health and the
environment; and 2) compliance with ARARs. According to the RI/FS guidance
(EPA. 1988b), assessments against these criteria relate directly to statutory findings that
must ultimately be made in the remedy selection. Therefore, these are categorized as
threshold eriteria that each aliernative must meet.

The criterion of overall protection of human health and the environment assesses the
adequacy of short-term and long-term protection from unacceptable risks associated with
hazardous substances, pollutants, or contaminants at a site. Each risk and each pathway
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identified in the baseline risk assessment for a site must be addressed. An alternative that
does not provide overall protection of human health and the environment cannot be
considered for selection as the remedy for a site.

Assessing compliance with ARARs involves evaluating whether or not an alternative
willmeet all pertinent chemical-specific, location-specific, and action-specific ARARs.
The regulations which are applicable or relevant and appropriate to an alternative will be
described in the detailed analysis. In the event an ARAR cannot be complied with,
discussion will be provided as to whether or not a waiver can be justified (EPA, 1988b).
In addition to complying with ARARs, compliance with TBC standards may be
considered in the analysis.

4.1.2 Balancing Criteria

Balancing criteria are utilized to further evaluate the alternatives which satisfy the two
threshold criteria. These balancing criteria include:

Long-term effectiveness and permanence
Reduction of toxicity, mobility, or volume
Short-term effectiveness

Implementability

Cost

The criterion of long-term effectiveness and permanence involves the assessment of the
ability of a remedial altemative to maintain protection of human health over time. The
level of risk associated with residual contaminants left on the Site and the effectiveness
of the reliability of controls used to manage untreated wastes are also considered and
evaluated. A preference for permanent solutions and alternative treatment technologies
that do more than divert the risk was expressed in SARA.

The stated goal of SARA not only included a preference for permanent solutions and
alternative treatment, including innovative technology. but also for reduction of toxicity.
mobility. or volume. The detailed analysis will consider how treatment reduces the
toxicity. mobility, or volume of the waste and. if possible, to what extent. Achievement

of 90 10 99 percent reductions in concentrations or mobility of individual contaminants
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of concern is a goal stated in the RI/FS guidance (EPA, 1988b), The degree to which the
alternative is irreversible is a consideration in the evaluation of the reduction of toxicity,

mobility, and volume.

Short-term effectiveness addresses the impact to the community and workers during the
implementation of the remedy and until remedial action objectives are met. Protecting
human health and the environment during the remedy’s implementation is the key goal
of the short-term effectiveness criterion. Any risk resulting from the implementation of
the remedial action will be assessed to establish short-term effectiveness.

Implementability refers to the technical and administrative feasibility of executing an
alternative. Technical feasibility encompasses construction and operation considerations
and the reliability of the technology. Other considerations relative to the technical
implementability of an alternative include the reliability of the technology. the case of
undertaking additional remedial actions should they become necessary, the ability to
monitor the effectiveness of the remedy, and the availability of prospective technologies
not yet demonstrated. Included in the evaluation of technical implementability will be a
determination of the availability of resources necessary to implement the alternative as

well as the assessment of the capabilities of various vendors.

The ability to coordinate implementation of an alternative with other involved agencies

is the primary consideration in the assessment of administrative feasibility.

Estimates of the cost of implementing an alternative will inciude direct capital costs,
indirect capital costs, and annual O&M costs. Direct capital items include equipment,
land and site development. and buildings and utilities. Indirect capital costs include
construction, engineering expenses, license or permit fees, start-up and shakedown costs,
and contingency allowances. Operating labor, maintenance labor, energy, disposal of
residues. purchased services such as sampling. administrative costs. insurance, taxes,
maintenance reserve and contingency funds. rehabilitation or replacement., and 3-year
reviews are typical elements of O&M cost estimates. As a final step. the present worth
of all associated costs will be calculated so that the alternatives can be compared in
today’s dollars. The RUFS guidance recommends a 30-year time frame for the

development of present worth costs. However, for the analysis contained herein, an
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80-year time frame was used to develop present worth costs because it approaches the
shortest estimated restoration time frame and provides a more realistic estimate of costs
than would be provided by a 30-year time frame.

4.1.3 Modifying Criteria

The modifying criteria consist of community and state acceptance. These criteria will be
evaluated in the Record of Decision, following a review of the public comments received
on the RI/FS reports and the Proposed Plan. State acceptance will indicate whether the
State agrees with the preferred alternative presented in the Proposed Plan.

4.2 GENERAL SITE ELEMENTS AND COMMON ESTIMATING PROCEDURES

Eight alternatives summarized in Section 3.4 were retained subsequent to screening.
General site ¢lements common to the alternatives are described in Section 4.2.1. Section
4.2.2 contains the descriptions of the estimating procedures common to the detailed
analysis of Alternatives 2 through 8.

Details presenied for the general site elements (i.e., well locations and flowraies) were
developed for cost estimating purposes only and so that the various alternatives could be
compated to each other. Well locations and flowrates will be refined during the remedial
design.

4.2.1 General Site Elements

General site elements are those portions of the individual remedial action alternatives
which are common to specific groups of alternatives. Groundwater monitoring is common

to all eight alternatives. Additional elements which are common to Alternatives 2 through
8 are:

Point-of-entry treatment
Hydraulic containment
Groundwater treatment

Disposal of treated groundwater
Groundwater treatment standards

E 92030 2FS? ACE 052295 4.5

BO7NE003702-08962



4.2.1.1 Groundwater Monitoring

The groundwater monitoring program for all eight Alternatives was assumed to be
quarterly for 5 years and annually thereafter. Although the exact number and location of
monitoring wells has not been established, for cost estimating purposes the monitoring
network during the first 5 years was estimated to include approximately 97 monitoring
wells in place at the Site. Monitoring wells were selected to represent upgradient
conditions {(approximately 17 wells). locations where COCs have been detected
{approximately 60 wells), and areas of the Site downgradient of the contamination
(approximately 20 wells). The monitoring network would be reduced to monitoring wells
located primarily in contaminated areas (approximately 31 wells) and downgradient of
contaminated areas (approximately 17 wells) for the annual sampling. For cost estimating.
it is assumed that each well will be sampled for VOCs, explosives. and general water
quality parameters throughout the monitoring period. The exact location. number of
monitoring wells and monitoring frequency will be selected during the remedial design.

4.2.1.2 Point-of-Entry_Treatment

Groundwater treatment at the point-of-entry is included as a part of Alternatives 2
through 8. Point-of-entry treatment will provide potable water to those households with
water supply wells which contain COCs at concentrations unacceptable to the Nebraska
Department of Health (NDOH). To date, those concentrations have been MCLs or HAs.
There are currently three domestic water supply wells which have point-of-entry treatment
systems in place as a result of explosives and/or TCE contamination. Domestic wells
which exhibit unacceptable COC concentrations in the future will be provided with point-
of-entry treatment. For cost estimating purposes only. it was assumed in Alternatives 2
through 8 that ten domestic wells would require point-of-entry treatment. Residences
requiring point-of-entry treatment systems would be identified during the remedial design.
The point-of-entry treatment systems use granular activated carbon w0 remove
contaminants from the groundwater prior to potable use (i.e.. drinking. cooking, bathing).
Existing and future systems will be maintained and monitored for effectiveness until the
Target Groundwater Cleanup Goal has been met. Spent carbon is changed out as
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necessary and sent off-site for regeneration or disposal. Selected water supply wells on,
and in the vicinity of the Site are currently sampled and analyzed on a quarterly basis as
described in Section 1.3.6.

4.2.1.3 Hyvdraulic Containment

The hydraulic containment component of Alternatives 2 through 8 consists of hydraulic
controls to prevent continued migration of groundwater to the south and southeast of the
Site (i.e.. downgradient). Hydraulic control will consist of the installation and pumping
of groundwater from a series of extraction wells. These wells will be located in the
vicinity of the downgradient boundary of the area of attainment defined by the Target
Groundwater Cleanup Goal (Target Groundwater Cleanup Goals are discussed in
Section 2.2.1.4).

containment system(s) based on the various Preliminary Target Groundwater Cleanup

For cost estimating and comparative purposes potential hydraulic

Goals were developed. Final well locations and flowrates will be developed during the

remedial design. A summary of the system developed for cost estimating is presented

below:
Atlas Missile Load Lines
Area 2 &3 Load Line 1 Total
Target

Groundwater ‘ Flow- Flow- Flow- Flow-
Cleanup Goal Wells Rate Wells Rate Wells Rate Wells Rate
(GPM) (GPM) (GPM) (GPM)

[ i 110 3 620 1 240 5 070

1l 1 160 7 1.580 i 360 9 2.100

i i 160 7 1,810 1 360 9 2.330

The proposed locations and pumping rates of the hydraulic control wells for Cleanup
Goals 1. II and III are shown on Drawings 4-1A, 4-1B. and 4-1C respectively. For cost
estimating purposes. the drawings show the location of the wells with respect to the area
of attainment and other site features. The methods used to calculate estimated capture
zone widths, description of groundwater capture zone and aquifer drawdown calculations

are discussed in Section 4.2.2 and Appendix G.
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The goal of hydraulic containment is to prevent, or significantly reduce, the expansion of
existing contamination. This is accomplished by extracting groundwater to create capture
zones which prevent COCs at concentrations exceeding the Target Groundwater Cleanup
Goals from migrating past the downgradient boundary of the area of attainment. The
pumping rate should be low enough so as to minimize the impact to the groundwater flow
direction and gradient. Based on the analysis provided in Appendix G, the estimated
pumping rate of the hydraulic control wells is between 160 and 360 gallons per
minute (gpm) per well. The individual rates were selected based on the expected yields
and estimated capture zones at the Site. The estimated total groundwater extraction rate
for the hydraulic control system ranges from 970 gpm to 2,330 gpm.

As discussed in Section 1.2.5, groundwater contamination was found more extensively and
at higher concentrations in the upper fine sand units relative to the underlying sand and
gravel units. Generally, the least contamination was found in the deepest of the three
aquifers, the Omadi Sandstone aquifer. The containment system extraction wells will
initially be completed in the Todd Valley aquifer and the Platte River alluvial aquifer so
that water is extracted directly from those aquifers. The leading edge of contamination
in the underlying Omadi Sandstone aquifer i1s upgradient from the downgradient edges of
the Cleanup Goal L, 1I, and III Areas of Attainment. If COC concentrations measured in
Omadi monitoring wells located near the downgradient edges of the areas of attainment
equal or exceed the respective cleanup goal concentrations, additional remedial actions
will be taken to contain groundwater in the upper portion of the Omadi Sandstone aquifer.
The actions might include, but would not be limited to:

¢ Increasing the flow rate in existing extraction wells to induce upward vertical
flow from the Omadi Sandstone aquifer to the extraction wells completed in
the Todd Valley aquifer and/or Platte River alluvial aquifer

¢ Installing and operating extraction wells which are designed to selectively
extract water from the Omadi Sandstone aquifer along the downgradient edge

of the respective areas of attainment

¢ Instaliation and sampling of additional monitoring wells completed in the
Omadi Sandstone aquifer in conjunction with one or both of the above actions
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The capital costs associated with any potential additional remedial actions are estimated
to be of the same order of magnitude as costs associated with similar initial remedial
actions which focus on the Todd Valley aquifer and the Platte River alluvial aquifer.

Hydraulic containment may be impacted by agricultural irrigation. Groundwater modeling
prior to, or as part of the remedial design, will be necessary to more fully assess the

relationship between hydraulic containment and irrigation.

4.2.1.4 Groundwater Treatment

Extracted groundwater will be pumped to a central location and treated using one of, or

a combination of, three potential treatment process options. These include:

* GAC adsorption
¢ Advanced Oxidation Process (AOP)
* Air stripping

The three potential technologies are briefly described below. GAC, AOP and air stripping
will be compared before final selection of the treatment process. This selection will be
made in the design analysis of the remedial design after completion of the treatability
studies. Selection will be made based on the following factors:

Nature and disposition of any degradation products created during treatment
Total present worth cost

Schedule to implement technology

Reliability

GAC will be assumed to be the selected process option for groundwater treatment
duringthe cost analysis for Alternatives 2 through 8. GAC is a well-established,
commercially available technology. Other, less well-established technologies will not be
considered unless they offer a cost advantage to GAC and can be shown through
treatability studies to have no degradation products in the effluent above acceptable limits.
Because it is commercially available, a GAC system can be constructed and made
operational at the Site on a predictable schedule. Less well established technologies may
have more uncertainties in the time required to construct a system at the Site and to make
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the system operational, including start-up time. Cost savings will be balanced against any
potential increases in the time required to have an operational system. Because GAC is
a well-established technology, O&M requirements are well known. Questions and
uncertainties concerning the O&M reliability of other technologies will be balanced
against any cost savings. In summary, GAC is the standard for a recommended extracted
groundwater treatment technology. Other technologies must be proven superior to GAC
through treatability tests and engineering analysis, including cost analysis. before they
would be recommended. References to specific vendors of trcatment technologies are
made for example only. No treatment processes or treatment technologies have been
selected.

GAC Adsorption

GAC adsorption is a proven technology for removing organic contaminants from water.
Adsorption by activated carbon involves the accumulation or concentration of substances
at a surface or interface. Organic matter is extracted from one phase and concentrated at
the surface of another phase in the adsorption process, therefore, adsorption is termed a
surface phenomenon. GAC has an affinity for organic compounds and. because of this

selectivity, is particularly effective in removing organic compounds from aqueous solution
(EPA. 1973).

For cost estimating purposes, it is estimated that a typical system may include multiple
GAC units, each unit consisting of two in-series GAC columns containing 20,000 pounds
(1bs} of GAC per column. Calgon Carbon Corporation (Calgon) proposes the use of their
Medel 10 adsorber system (see Appendix H). Each column vessel would contain 20.000
Ibs of Calgon Filtrasorb 300, 8 mesh X 30 mesh GAC. The advantages of using multiple
in-series units are: 1) short-circuiting is minimized; 2) breakthrough of target compounds
in the final effluent can be prevented by monitoring the effluent from the first column and
replacing the spent carbon as necessary; and 3) carbon is most efficiently utilized through
more complete saturation of the first unit in the series. GAC adsorption is a well-
established technology for the removal of the Site COCs. No further treatment of the

groundwater would be necessary prior to disposal. A typical GAC system process flow
diagram is shown on Drawing 4-2.
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On-going treatability studies for GAC adsorption are discussed in Section 1.3.5.

AOP

Advanced Oxidation Process (AOP) treatment is another potential technology. The major
advantage of AOP over GAC adsorption is that AOP destroy the contaminants by
oxidation and there are generally no residual end products. Any end products are
typically non-hazardous and innocuous but, in some cases, incomplete oxidation may
result in intermediate compounds which are more toxic than the parent compound. In the
case of carbon adsorption, however, contaminants are transferred from one medium to
another, (i.e., from groundwater to carbon), and complete destruction is not achieved.

AOPs use one or more oxidizing agents, such as ozone and hydrogen peroxide, to destroy
organic contaminants. The oxidation potential of these chemicals may be enhanced by
conducting the process in the presence of ultraviolet (UV) light. UV light enhances
production of bydroxyl radicals. which have a high oxidation potential. The current
research (Mark Zappi. 1994) indicates that combination of ozone and hydrogen peroxide
(without the UV light) is extremely effective in treating relatively low levels of
nmitroaromatics and other COCs observed at the Site. However at high concentrations
{(greater than approximately 100 mg/L). UV light may enhance the process effectiveness.

Complete oxidation of organics results in formation of carbon dioxide. inorganic salts, and
water. However, partial oxidation may result in organic intermediates such as carboxylic
acids, which are non-toxic. As stated above, in some instances intermediate compounds
are formed which may be more toxic than the parent compound itself. For exampie,
incomplete oxidation of some of the chlorinated solvemts (TCE) may result in the

formation of vinyl chloride, which ts more toxic than the parent compounds.
It i1s believed that the low concentrations of COCs at the Site can be treated by
combination of ozone and peroxide without UV light. This treatment is frequently

referred to as "Peroxone”. Until the results of the treatability study are available. the need
for UV light is uncertain.
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Although the oxidation chemistry of many of the Site groundwater COCs is not
completely understood, two compounds are of significance: partial oxidation of TCE and
TNT may resuilt in formation of vinyl chloride and TNB. respectively. which are more
toxic than the parent compounds. (It should be noted that TNT concentrations are
expected ta be low based on the groundwater data collected to date). Complete oxidation
of contaminants can be achieved by providing sufficient retention time in the oxidation
reactor and adding adequate amounts of chemicals. As an added protection, GAC
adsorption can be added following AOP treatment as a polishing step. This would ensure
removal of any residual organics in the oxidation treatment effluent.

A typical AOP system, based on preliminary information provided by Solarchem
Environmental Systems, Inc. (Solarchem), may include the use of two parallel units, each
consisting of six 30-kW Rayox’-O reactor towers. to handle the anticipated flowrates.
The modularized system reportedly has adequate capacity to destroy the concentration of
organic compounds present to the desired treatment levels. The Solarchem system uses
ozone coupled with ultraviolet radiation to produce hydroxyl radicals for the direct
oxidation of organics. The use of an ozone generator increases the capital costs, but
decreases the energy requirement needed for organic destruction. Solarchem’s completed
response is included in Appendix L

An AOP flow diagram is shown on Drawing 4-3. Although AOPs have not been used
on a full-scale basis, bench- and pilot-scale systems have been successful in treating
VOCs and explosives. Treatability studies are described in Section 1.3.5.

Air Stripping

Air stripping and treatment of vapor emissions from the air stripper by GAC adsorption
is also a proven treatment technology for VOCs. Air siripping involves iransferring
VOCs from water to air by passing the water through a packed tower against a forced air
stream.  Air stripping provides a contact between the dissolved-phase VOCs in
groundwater with atmospheric air such that the VOCs partition to the vapor-phase as a
result of the contact. A counter-current flow, packed tower air stripper is commonly used
for this purpose. This technology is not effective at removing the less volatile explosive
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contaminants, such as RDX, but is extremely effective at removing TCE because of its
high vapor pressure.

A typical air stripping system may include an air stripping tower or towers having the
capacity to treat the maximum total extraction flow. The stripping tower would be
designed to remove VOCs to the levels presented in Section 4.2.1.6. GAC polishing
would then be used to remove the less volatile contaminants (explosives) from the
groundwater.

No pretreatment has been included in this alternative, either to remove any soluble iron
or hardness. Scaling in the packed tower is not anticipated to be a problem under normal
maintenance.

At the request of WCC, Century Plastics Inc. (Century) solicited estimates from two
suppliers of air stripping towers: Carbonair Environmental Systems, Inc. (Carbonair) and
Hydro Group, Inc., (see Appendix J}. The conceptual design included herein is based
on Carbonair’s response. A typical tower would have a diameter of 8 feet and a packed
height of 30 feet. An air stripping system process flow diagram is shown on
Drawing 4-4.

It 1s assumed that the vapor emissions from the top of the tower will be treated by carbon
adsorption. Based on the air stripping model predictions for the amount of VOC air
emissions, Century proposes the use of a Carbonair Model GPC 120 adsorber. The vessel
would contain 13,600 pounds of activated carbon.

Cost _Basis For Feasibility Study

GAC adsorption was assumed to be the selected process option for groundwater treatment
during the cost analysis for Alternatives 2 through 8. GAC was selected for costing
purposes because it is commercially available, will treat the COCs. and provides a
common element in the evaluation of the alternatives. Also, for cost estimating purpose
only. effluent concentrations of the carbon treatment system were assumed to be the
groundwater disposal standards tabulated in Section 4.2,1.6. The use of GAC and the

disposal standards for cost estimating does not preclude the implementation of one of the
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other treatment processes {AOP or air stripping) or a different disposal standard. Disposal
standards will be finalized with the State of Nebraska during remedial design.
Cost/benefit analysis of all three treatment options (GAC, AOP, and air stripping) will be
performed during the remedial design analysis as a part of the treatment selection process.

4.2.1.5 Disposal

All treated groundwater will be disposed through either on-/off-site stream discharge or
beneficial reuse. The selection of the disposal option will be made during the remedial
design analysis and will be based on the following criteria:

¢ Cost/benefit analysis
Technical feasibility
¢ DPublic acceptance

If beneficial reuse is selected, on/off-site stream discharge will be used initially until the
final beneficial reuse option can be designed. The detailed cost analysis of alternatives
assumed the only cost associated with disposal (either on-/off-site stream discharge or
beneficial reuse) was one mile of discharge piping. The options associated with disposal
and beneficial reuse are described below.

On-/Off-Site Stream Discharge

On-/off-site stream discharge is a feasible option for final disposal of treated groundwater
and a viable option prior to development of beneficial reuse systems or during periods
when end user water demand is less than the amount discharged. Treated groundwater
could be discharged directly to Clear Creek., The discharge water would be sediment free
and contain contaminant concentrations at or below those presented in Section 4.2.1.6
posing minimal environmental tmpact. Potential physical impacts from surface discharge
may include erosion and flooding. Te control flooding potential restrictions on discharge
flows during peak flow periods may be a condition of the authorization to discharge. The
discharge flowrate will be dependent upon the aliernative and Target Groundwater
Cleanup Goal selected, which govern the discharge volume. The following potential
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impacts of surface water discharge will be evaluated during the remedial design if stream
discharge is selected as a disposal option:

Elevated water levels in Clear Creek near the discharge point
¢ Elevated groundwater levels in the vicinity of the discharge point
¢ Increased sediment transport in Clear Creek near the discharge point

Since this action falls under CERCLA, a discharge permit will not be required. but an
authorization to discharge must be obtained from the State. This authorization may
include water quality monitoring requirements.

The beneficial reuse options identified in Section 2.0, reinjection wells. agricultural, and
water supply, are described below.

Reinjection Wells

Reinjection of treated groundwater is a technically feasible disposal method. However,
reinjection well tests and groundwater modeling would be required as a part of the
predesign investigations before the system could be designed. Technical problems have
been encountered with injection systems at some sites. Problems with reinjection include
plugging of the aquifer around the screened interval by fines, bacteria, air bubbles or
chemical precipitates, thereby reducing the capacity of the aquifer to receive water. These
plugging problems require periodic redevelopment of the wells to maintain the necessary
injection rates. The analysis of reinjection can be refined and optimized during design
if reinjection is selected.

The injection wells could potentially be located downgradient of the area of attainment
to augment the hydraulic containment system. In this area. groundwater mounding caused
by injection of treated water may supplement the hydraulic barrier created by extraction.
Final well locations and flowrates would be developed as part of the remedial design. if
this disposal alternative is selected.
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Agricultural

Agricultural reuse of treated groundwater may include (but is not limited to) irrigation.
livestock watering, or processing (i.e. soybean washing). Irrigation demand is seasonal
and during the non-irrigation season the treated water would require an alternative
discharge option. Livestock watering may include water for livestock consumption and
the demand may be more constant relative to irrigation demand. A demand for processing
water may also exist within the agricultural community near the Site.

Water Supply

Water supply reuse may include providing the treated groundwater to a future rural water
district, an existing municipal water supply system, or the ARDC. Since the water would
be used for domestic purposes when implementing one of these disposal alternatives it
would require treatment to potable water quality.

Currently. rural residences rely on individual groundwater wells for water supply.
Exceptions include anyone connected to the former NOP distribution systems including
those connected to the ARDC water distribution system and the former Administration
area distribution system. Distributing treated groundwater to rural residences would
require the development of a rural water district.

Memphis, Mead, Ashland, Wahoo, Yutan, Omaha and Lincoln are nearby municipalities
to which treated groundwater could be supplied. This option would require the evaluation
of the water demand of the municipalities and the cost associated with piping the water
from the treatment plant to the municipal water distribution system,

The University of Nebraska ARDC Water System is an extension of the former NOP
water distribution system built approximately fifty years ago. The ARDC utilizes a
common distribution system for domestic uses, irrigation and other agricultural activities.
The total usage of the ARDC Water System is normally 600 gpm. peaking to 4.500 gpm
during irrigation season. During irrigation season. depending on the alternative selected.
all of the water from the treatment system could potentially be used by the ARDC.
During the non-irrigation season. only a portion of the treated water couid be used by the
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ARDC. with the remaining portion requiring an alternate disposal option. Discharge to
the ARDC Water System would require the construction of an underground transmission
main from the treatment plant to the ARDC Water System near the load lines.

4.2.1.6 Groundwater Disposal Standards

Groundwater which is extracted will meet disposal-dependent standards (which may
varyfor different disposal options) prior to disposal. For cost estimating purposes it was
assumed that the groundwater disposal standards are defined by the MCL or HA where
available. In the case of TNB and 2,4-DNT the non-carcinogenic health-based cieanup
goal and the drinking water equivalent (DWEL). respectively were assumed. The final
disposal standards will be established with the State during remedial design. The
groundwater disposal standards used for cost estimating purposes are tabulated below:

GROUNDWATER DISPOSAL STANDARDS

Concentration

cocC (ng/L) Basis For Disposal Standard
Methylene Chloride 5 MCL
1.2-Dichloropropane 5 MCL

TCE 5 MCL

TNB 0.778 Health-based cleanup goal calculated for non-cancer

effects
TNT 2 Health Advisory
24-DNT 100 Drinking Water Equivalent Level
RDX 2 Health Advisory

4.2.2 Common Cost Estimating Flements

Three elements of the detailed analysis are evaluated for Alternatives 2 through 8:

Restoratien time frames
Extraction well locations and flowraies
* Treatment plant COC influent concentrations
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4.2.2.1 Restoration Time Frames

The restoration time frame is the period of time required to achieve the Target
Groundwater Cleanup Goals at all locations within the area of attainment. Guidance on
Remedial Actions for Contaminated Groundwater (EPA, 1988a) presents the following
methodology to estimate restoration time frames:

1) Calculate the number of batch flushes. A batch flush consists of enough
clean water to fill the pore space in a given volume of the aquifer. Values
of contaminant concentration for both soil and water following each batch
flush are considered. Zheng, et. al. (1991) presents a method for calculating
the number of batch flushes that are required to lower the maximum
concentration of a particular COC assumed to be present in the aquifer prior
to remediation to the Target Groundwater Cleanup Goal concentration.

2) Caiculate the volume of groundwater which must be extracted by multiplying
the number of batch flushes by the volume of contaminated groundwater (as
defined by the Target Groundwater Cleanup Goals).

3) Calculate the restoration time frame by dividing the volume of water
calculated in Step 2 by the total extraction flowrate for a particular
alternative.

The detailed development of the resioration time frame estimates 1s presented in
Appendix B.

The restoration time frame estimates to be used for the comparative cost estimates for
Alternative 2 through 8 are assumed to be the longest of the time frame estimates for the
individual plumes. For example, the following restoration time frame estimates were
developed for Alternative 4 using the Cleanup Goal Il Area of Attainment:

Load Line 1: 31 years
Load Lines 2 and 3: 77 years
* Atlas Missile Area: 130 years

Based on these estimates, the part of the remedial system which extracts groundwater

from the Load Line | plume could be turned off approximately 99 vears earlier than the
Atlas Missile Area extraction system. The conceptual extraction well locations and flow
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rates were used to develop the restoration time frame estimates as a basis for estimating
costs. The actual extraction well locations and flow rates will be determined during
remedial design. The restoration time frame assumption may potentially result in
overestimation of the cost of the alternative because extraction wells associated with the
plumes that require shorter periods of time to clean up wili not operate for the entire time
periods tabulated in Appendix B.

As a part of the detailed analysis of each altemative, the present worth costs are calculated
for an 80-year period using a 6 percent discount rate. The 80-year period was selected
because it provides a more realistic estimate of costs compared to the 30-year period
suggested by EPA RI/FS guidance (EPA, 1988b).

4,2.2,2 Extraction Well Locations and Flowrates

For cost estimating and comparative purposes well locations and flowrates were estimated.
Capture zone analysis {(Keely and Tsang, 1983; and Javandel and Tsang, 1986) was used
to locate groundwater extraction wells and estimate the extraction flowrates as a basis for
cost estimating. The resuiting aquifer drawdown was estimated using the Theis non-
equilibrium equation (Driscoll, 1986). The methods used to calculate capture zone widths,
description of groundwater capture zone analysis, and calculation of aquifer drawdowns
are contained in Appendix K. Final well locations and flowrates will be selected during
the remedial design.

A two-dimensional computer model (Quickflow ®) was used to simulate hydraulic
containment as a part of the Removal Action discussed in Section 1.3.2. The results of
the computer model are in the Remedial Action Groundwater Modeling Technical
Memorandum (WCC, 1994j). The computer modeling may be revisited on the basis of
the analysis of the data generated during the pumping test described in Section 1.3.4.
Computer modeling was performed for hydraulic containment only. To maintain
consistency, the Keeley and Tsang {1983) and Javandel and Tsang (1986) methodologies
were used to estimate all well locations and flowrates including the hydraulic containment
extraction wells.
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The potential aguifer drawdown at existing water supply wells (primarily domestic,
irrigation, and stock welis) which may result from groundwater extraction cannot be
quantified during the FS because the extraction well locations will be selected during the
remedial design. The remedial design will evaluate strategies for mitigating impacts on
existing water supply wells which may include, but are not limited to. selection of
extraction well locations and flow rates, and developing a groundwater extraction
management plan. The remedial design will balance the mitigation of extraction impacts
with the other design criteria which relate to effectiveness and technical feasibility.

4.2.2.3 Treatment Plant COC Influent Concentrations and GAC Usage

Treatment plant influent concentrations were estimated so that GAC use rates for carbon
treatment could be estimated for the detailed cost analysis of each alternative. Since
extracted groundwater would be conveyed to the treatment plant via a common piping and
transfer pumping system, the waters from the various wells would be co-mingled before
entering the treatment plant. The net result is that the influent concentration would be the
concentration of this co-mingled water. Since the frequency of detection and
concentration of COCs was low, except TCE and RDX, the contribution of all other
COCs to the influent and carbon use is negligible. As a result. only TCE and RDX
concentrations impact the influent concentrations and carbon use rate estimates.

The following steps were followed in estimating the influent concentrations of TCE and
RDX. A complete description is contained in Appendix K.

* Monitoring wells located upgradient from, and within, the zone of influence
of an extraction well were identified as contributors of RDX and TCE
concentrations to that particular extraction well

e Each of the identified monitoring wells were allocated a weight factor (Wi)
calculated as the fraction of pumpage contributed by each extraction well with
respect to the total pumpage of that alternative

¢ A summary of the concenirations of RDX and TCE for each monitoring well.
sampling event and screen interval was compiled. Average concentrations of
RDX and TCE were calculated for each monitoring well, sampling event. and
alternative. A weighted average concentration was calculated as a product of
the average concentration (Ci) and the weight factor (Wi)
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¢ The sum of the weighted average concentrations of each chemical by
alternative and by quarter was calculated

® The estimated influent concentrations for TCE and RDX are summarized in
the description of each alternative

GAC usage rates for the treatment of groundwater containing TCE and RDX were then
estimated using a Freundlich adsorption isotherm model. The isotherm equation and
calculations are provided in Appendix K. The numerical values of the parameters used
in the isotherm equation for RDX and TCE were provided by a literature review. A
conservative scaleup factor of 2 was used to estimate the GAC usage rate of the treatment
system in the absence of treatability study data.

4.3 ANALYSIS OF ALTERNATIVES
4.3.1 Summary of Retained Alternatives

This section describes the eight alternatives retained from the screening process completed
in Section 3.0. The alternatives are evaluated against seven of the nine evaluation criteria
previously discussed. [Initially, each alternative is evaluated with respect to the two
threshold criteria:  overall protection of human health and the environment, and
comphance with ARARs. Alternatives which meet the threshold criteria are then further
evaluated against the balancing criteria: long-term effectiveness; reduction of toxicity,
mobility, and volume; short-term effectiveness: implementability; and cost. The remaining
criteria, the modifying criteria of Agency and community acceptance, will be addressed
in the responsiveness summary of the ROD.

The eight alternatives are briefly described below with differentiating features shown in
bold:
Alternative 1: No Action: includes only groundwater monitoring
Alternative 2: Groundwater Containment: includes groundwater monitoring.
point-of-entry treatment for domestic water supply,

hydraulic containment, groundwater treatment, and
disposal.
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Alternative 3:  Focused Extraction: includes groundwater monitoring, point-
of-entry treatment for domestic water supply, hydraulic
containment, groundwater extraction focused in areas with
high concentrations of TCE or RDX, groundwater
treatment, and disposal.

Alternative 4: Focused Extraction and Soil Excavation: includes
groundwater monitoring, point-of-entry treatment for domestic
water supply, hydraulic containment, groundwater extraction
focused in areas with high concentrations of TCE or RDX,
groundwater treatment and disposal, and soil excavation and
thermal treatment.

Alternative 5: Focused Extraction with Air Sparging: includes
groundwater monitoring, point-of-entry treatment for domestic
water supply. hydraulic containment, groundwater extraction
focused in areas with high concentrations of TCE and RDX
together and RDX only, groundwater treatment and disposal,
and air sparging of TCE-only portion of groundwater
plume.

Alternative_6: Focused Extraction with Air Sparging and Soil Excavation:
includes groundwater monitoring. point-of-entry treatment for
domestic water supply, hydraulic containment. groundwater
extraction focused in areas with high concentrations of TCE
and RDX together and RDX only, groundwater treatment and
disposal, air sparging of the volatiles only groundwater plume,
and soil excavation and thermal treatment,

Alternative 7:  Groundwater Extraction: inchudes groundwater monitoring,
point-of-entry treatment for domestic water supply, hydraulic
containment, groundwater extraction throughout the area of
attainment, treatment, and disposal.

Alternative §; Groundwater Extraction and Seil Excavation: includes
groundwater monitoring.  point-of-entry  treatment for
domesticwater supply. hydraulic containment, groundwater
extraction throughout the area of attainment. treatment. and
disposal. and soil excavation and thermal treatment.
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4.3.2 Alternative 1 - No Action

4.3.2.1 Description

Alternative 1 is the No Action alternative. This alternative will allow Site conditions to
remain as they currently exist. No reduction in risks associated with potential
groundwater exposure to the COCs is achieved, nor is migration of contaminants
controlled. Groundwater monitoring, as described in Section 4.2.1, is included to allow
for ongoing evaluation of contaminant migration in the absence of remedial action.
Evaluation of theno action alternative is required by the NCP and provides a baseline for
comparison with other alternatives.

Alternative 1 does not provide protection of human health and the environment and does
not comply with ARARs. Since Alternative 1 does not meet the threshold criteria, it is
not evaluated further.

4.3.3 Alternative 2 - Hydraulic Containment
4.3.3.1 Description

Alternative 2 combines groundwater monitoring, point-of-entry treatment for domestic
water supply, and hydraulic containment of the contaminated groundwater. Containment
wells will be located in the vicinity of the downgradient edge of the area of attainment
defined by the Target Groundwater Cleanup Goals. Extracted groundwater will then be
treated and disposed.

For cost estimating and comparative purposes extraction well locations and pumping rates
were estimated. Drawings 4-1A, 4-1B, and 4-1C show the extraction well locations,
pumping rates. and the discharge piping schematics for Target Cleanup Goals I, II. and
III. respectively which were used for cost estimating purposes. Influent contaminant
concentrations were estimated based on the proposed well locations and pumping rates,
the methodology presented in Section 4.2.2.3, and the information contained in
Appendix K. As discussed in Appendix K, extracted water is collecied by a common
piping and transfer pumping network which delivers the extracted groundwater to the
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central treatment facility. The net result is that all extracted groundwater is co-mingled
prior to treatment and the estimated influent concentration is the concentration. of those
co-mingled waters. Therefore, since the frequency of detection and concentration of all
COCs except TCE and RDX was low. contribution from other Site COCs to the treatment
plant influent would be negligible. A summary of the estimated Alternative 2 well
locations, pumping rates, and influent concentrations is presentec below. The final well
locations and flowrates will be developed during the remedial design.

COST ESTIMATING ASSUMPTIONS
Estimated
Influent
Target Atlas Missile 1.0ad Lines Concentratio
Ground- Area 2&3 Load Line 1 Total n
water (pg/L)
Cleanup Flow- Flow- Flow- Flow-
Goal Wells | Rate | Wells | Rate | Wells | Rate | Wells | Rate | TCE | RDX
{GPM) (GPM) (GPM) (GPM)
I 1 110 3 620 1 240 5 970 21 53
11 1 160 7 1,580 1 360 9 2,100 14 5
iIi 1 160 7 1.810 1 360 5 2,330 13 5

Based on the influent concentrations presented above, GAC consumption rates were
estimated using the Freundlich adsorption model, including a conservative scaleup factor
of 2. discussed in Appendix K. For Alternative 2 the GAC usage rate is estimated to be
100.000 to 104,000 bs/year (274 to 285 lbs/day) for all Cleanup Goals. The decreasing
concentration of TCE and RDX with increasing extracted groundwater flow rate results
in GAC usage remaining relatively constant between Cleanup Goals. Considering the
uncertainties present in making GAC usage rate estimates, there is no significant
difference between 100,000 and 104,000 Ibs/year (4 percent).

Groundwater treatment and discharge are discussed in Sections 4.2.1.4 and 4.2.1.5.

4.3.3.2 Qverall Protection of Human Health and the Environment

Alternative 2 provides environmental protection by containing groundwater contaminated
at concentrations above the Target Groundwater Cleanup Goals minimizing its potential
for migration. Groundwater containment is also protective of human health and the
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environment because contaminant concentrations are reduced by groundwater treatment
and expansion of the plume is controlled. protecting downgradient groundwater users.
Point-of-entry treatment systems protect currently impacted and future users by
eliminating the potentiali for exposure to groundwater with unacceptable COC
concentrations.

4.3.3.3 Compliance with ARARs

Target Groundwater Cleanup Goals are met in the vicinity of the downgradient edge of
the area of attainment as soon as the alternative becomes operational. Eventually. the
entire volume of contaminated groundwater would be remediated and Target Groundwater
Cleanup Goals would be met within the area of attainment. The alternative can be
designed to meet the ARARs relevant to QU2 activities as listed in Table 4-1.

4.3.3.4 Long-Term Effectiveness and Permancnce

Residual risk to current and future groundwater users is controlled within the plume by
point-of-entry treatment and downgradient by containment. Point-of-entry treatment is
adequate to protect currently impacted users and those who may be impacted prior to
reaching the Target Groundwater Cleanup Goals. The containment and treatment systems
are proven and reliable and GAC adsorption is presently in use at the Site for point-of-
entry treatment. <Containment is effective in controlling long-term residual risk by
minimizing the migration of contamination to currently unimpacted users.

Groundwater monitoring and a 5-year review will evaluate the effectiveness of the
point-of-entry treatment systems and the containment system.

4.3.3.5 Reduction of Toxicity, Mobility, er Volume Through Treatment

The groundwater treatment technologies being considered include the proven and effective
treatment technologies of GAC and air stripping and the emerging technology. AOP.
which is considered implementable and for which treatability studies are being conducted
for Site groundwater, By implementing one of these technologies, all groundwater
contamination above Target Groundwater Cleanup Goals will eventually be destroyed.
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The toxicity and volume of contaminants in groundwater will be reduced by extraction
and treatment, and the mobility (i.e. migration) will be managed. With regard to
groundwater, this alternative satisfies the statutory preference for treatment.

4.3.3.6 Shert-Term Effectiveness

Risks to the community are not increased by implementation of this alternative and
environmental risks to workers involved in the Site remediation are minimal. Adverse
environmental impacts during implementation would be minimal. However, aquifer
drawdown during groundwater extraction would result, which may impact irrigation
activities. The groundwater containment system would operate for perpetuity. Restoration
time frame estimates are discussed in Appendix B.

4.3.3.7 Implementability

A hydraulic containment system uses conventional technologies and is implementable and
relatively simple to construct and operate. Point-of-entry treatment systems are available
immediately. Additional point-of-entry treatment systems and containment wells could
be added without difficulty if monitoring indicates a need for these components. The
treatment system for extracted groundwater will be designed in a modular fashion to
accommodate varying volumes and influent concentrations. Monitoring the effectiveness
of the groundwater containment and treatment systems uses common sampling and
analysis techniques, is easily implemented. and reliable.

4.3.3.8 Cost

Conceptual cost estimates for Alternative 2 are based on the system described in
Section 4.3.3.1 and assumes that GAC adsorption is the selected treatment technology.
The conceptual cost estimate also assumes one mile of discharge piping and discharge at
the concentrations presented in Section 4.2.1.6. The total estimated capital and present
worth O&M costs for the three Target Groundwater Cleanup Goals are summarized
below:
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Present Worth Total Capital &
Target Groundwater Capital Cost 0&M Cost Present Worth Caost
Cleanup Goal {(Million %) (Million $) (Million %)
i $6.4 $23.2 £29.6
] $8.2 $£27.1 5353
I 379 -~ §27.2 $35.2

The detailed cost estimates for Alternative 2 are presented in Appendix L.

4.3.4 Groundwater Alternative 3 - Focused Extraction
4.3.4.1 Desecription

Alternative 3 includes groundwater monitoring, point-of-entry treatment for domestic
water supply. hydraulic containment, groundwater treatment, and disposal as previously
described for Alternative 2. In addition, this alternative also includes focused groundwater
extraction followed by groundwater treatment at locations with high concentrations of
TCE or RDX. As previously described, groundwater treatment options include GAC
adsorption, advanced oxidation and/or air stripping. In addition to the containment wells,
Alternative 3 includes five additional extraction wells for Target Groundwater Cleanup
Goal I and six additional extraction wells for Target Groundwater Cleanup Goals II and
IIl.  The number, location, and flowrates of these wells were developed for cost
estimating and comparative purposes. Final well locations, and flowrates wili be
developed during the remedial design.

Drawings 4-5A, 4-5B, and 4-5C show the estimated well locations. pumping rates. and
discharge piping schematics for the three Target Groundwater Cleanup Goals for
Alternative 3. Total estimated flows, well numbers. and influent concentrations for

Alternative 3 are summarized below. for cost comparison purposes only.
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COST ESTIMATING ASSUMPTIONS
Estimated
, . R 2 Influent
Target Aﬂai Missile Load &L;n b . Concentration
Ground- rea Load Line 1 Total (ug/L)
water Flow- Flow- Flow- Flow-
Cleanup | Wells Rate Wells Rate Wells Rate Wells Rate TCE RDX
Goal (GPM) (GPM} (GPM) (GPM
}
1 6 1120 3 620 1 240 10 1,980 350 27
§} 6 1170 g 1,770 1 360 15 3,300 209 18
in 6 1170 8 2,000 1 360 15 3,530 196 18

As with Alternative 2, the estimated influent concentrations are based on estimated well
locations and flowrates and the methodology discussed in Section 4.2.2.3, The co-
mingling of extracted water makes the influent contribution of Site COCs other than TCE
and RDX insignificant. Therefore, GAC consumption rates are based on the influent
concentrations of TCE and RDX using the Freundlich adsorption model discussed in
Appendix K. For Alternative 3 the GAC usage rate 1s estimated to be approximately
472,000 Ibs/year (1,293 lbs/day) for Cleanup Goal 1: 635,000 lbs/year (1.740 lbs/day) for
Cleanup Goal II; and 663,000 Ibs/year (1,816 lbs/day) for Cleanup Goal III. A
conservative scaleup factor of 2 is included in these estimates in the absence of treatability
study data.

4.3.4.2 Overall Protection of Human Health and the Environment

Alternative 3 provides protection of human health and the environment. Point-of-entry
systems protect currently impact and future users by eliminating the potential for exposure
to groundwater with unacceptable COC concentrations. Containment/extraction systems
protect future users because groundwater is extracted. and migration of groundwater
contaminated at concentrations above the Target Groundwater Cleanup Goals is
controlled. Contaminant concentrations are reduced by extraction and treatment providing
protection of human health and the environment.
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4.3.4.3 Compliance with ARARs

Target Groundwater Cleanup Goals are met in the vicinity of the downgradient edge of
the plume as soon as the alternative becomes operational. Eventually, the entire volume
of contaminated groundwater would be remediated- and Target Groundwater Cleanup
Goals would be met within the area of attainment. The alternative can be designed to
meet the ARARs listed in Table 4-1.

4.3.4.4 Long-Term Effectiveness and Permanence

Restdual risk is controlled within the plume by point-of-entry treatment and focused
extraction and treatment, and downgradient by containment and treatment. Point-of-entry
treatment is adequate to protect currently impacted users and those who may be impacted
prior to reaching the Target Groundwater Cleanup Goals. Contaminant/extraction systems
are proven and reliable. Point-of-entry GAC adsorption is presently in use at the Site.
Containment controis long-term residual risk by controlling the spread of contamination
to currently unimpacted users and currently unimpacted groundwater.

Groundwater monitoring and a 5-year review will evaluate the effectiveness of the
point-of-entry treatment systems, extraction system, and containment system.

4.3.4.5 Reduction of Toxicity, Mobility, or Velume Through Treatment

The groundwater treatment technologies being considered include the proven and effective
treatment technologies of GAC and air stripping and the emerging technology, AOP,
which is considered implementable and for which treatability studies are being conducted
for Site groundwater. By implementing one or a combination of these technologies, all
groundwater contamination above the Target Groundwater Cleanup Goals will eventually
be destroyed. The toxicity and volume of contaminants in groundwater will be reduced
by focused extraction and treatment, and the mobility (i.e. migration) will be managed.
With regard to groundwater, this alternative satisfies the statutory preference for treatment,
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4.3.4.6 Short-Term Effectiveness

Risks to the community are not increased by this alternative and environmental risks to
workers involved in the Site remediation are minimal outside of general construction
safety issues. Adverse environmental impacts during-implementation would be minimal,
however, aquifer drawdown during groundwater extraction would result which may
impact irrigation activities. The groundwater extraction and containment system for the
Target Groundwater Cleanup Goals would operate for greater than 140 years. Restoration
time frames are discussed in Appendix B.

4.3.4.7 Implementability

Groundwater extraction and hydraulic containment systems use conventional technologies
and are relatively simple to construct and operate. Point-of-entry treatment systems are
simple to install and available immediately. Additional point-of-entry treatment systems
and extraction containment wells can easily be added. The treatment system for extracted
groundwater will be designed in a modular fashion to accommodate varying volumes and
influent  concentrations. Monitoring the effectiveness of the groundwater
extraction/containment and treatment systems uses common sampling and analysis

techniques, is easily impiemented. and reliable.
4.3.4.8 Cost

Conceptual cost estimates for Alternative 3 are based on the system described in
Section 4.3.4.1 and assume GAC adsorption is the selected treatment technology. The
conceptual cost estimate also assumes one mile of discharge piping and discharge at the
concentrations presented in Section 4.2.1.6. The total estimated capital and present worth
O&M costs for the three Target Cleanup Goals are summarized below:
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Present Worth Total Capital & Present
Target Groundwater Capital Cost 0O&M Cost Worth Cost
Cleanup Goal (Million §) (Million §) (Million 3)
] $5il0 $35.8 $46.8
131 512.8 $442 $57.0
I 5128 $44.3 $57.1

The detailed cost estimates for Alternative 3 are presented in Appendix L.

4.3.5 Groundwater Alternative 4 - Focused Extraction and Seil Excavation

4.3.5.1 Description

Alternative 4 includes groundwater monitoring. point-of-entry treatment for domestic
water supply, hydraulic containment, focused extraction, groundwater treatment and
disposal as previously described in Alternative 3. The proposed well locations. pumping
rates, and discharge piping schematics for Alternative 4 are presented on Drawings 4-35A,
4-5B, and 4-5C. Estimated influent concentrations and GAC consumption rates are
discussed in Section 4.3.4.1. The number, location, and flow rates of the wells (see
Section 4.3.4.1) were developed for cost estimating and comparative evaluation purposes.
Final well locations and flowrates will be developed during the remedial design.

In addition, this alternative includes soil excavation and treatment of explosives
contaminated soils to reduce potential leaching. The components of the soil excavation
and thermal treatment include excavation, consolidation, solids processing, thermal
treatment and residual management. The contaminated soil will be removed from the
ground by excavation and thermally treated by rotary kiln incineration. Soil treatment
residuals will then be tested to verify they are not toxicity characteristic leaching
procedure (TCLP) hazardous waste. The non-hazardous residuals will be blended with
Clean soil and backfilled into the open excavation. It is estimated that approximately
2,600 cubic yards of soil will be excavated and treated. Soil requiring excavation is
located in Load Lines 1. 2, and 3. Explosives concentrations in seil at Load Line 4 do
not meet the leaching soils definition presenied in Section 2.3. Drawings 4-6A, 4-6B.
4-6C and 4-6D show the approximate locations of the excavations and typical details used
for cost estimating purposes only. The 2.600 cubic yards volume estimate will be refined
when data from the OUl Preliminary Design Investigation is available. The OUI
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Predesign Investigation will be submitted in the Spring of 1995, Soil volume calculations
and assumptions are presented in Appendix E.

Soil excavation and thermal treatment is proposed as the preferred remedial action for
QU1 contaminated soils. Excavating and incinerating QU1 and OU2 soils together will
realize a savings in terms of time and money. Detailed analysis of alternatives 4. 6, and
8 has been performed assuming that the OU] and OU2 soils are excavated and incinerated
together. However, if one of those alternatives is presented as the preferred alternative
in the Proposed Plan. ail elements of the alternative., including the timing of soil

excavation and incineration will be subject to public comment,

4.3.5.2 Overall Protection of Human Health and the Environment

Alternative 4 protects human health and the environment because the potential for
exposure to groundwater with unacceptable concentrations of COCs is minimized by
point-of-entry and containment/extraction systems. Containment/extraction systems
protect both current and future groundwater users by controlling the potential for
migration beyond the area of attainment. Contaminated groundwater is contained at the
Target Groundwater Cleanup Goal and extracted in areas of high concentration of TCE
or RDX to minimize migration above the Target Groundwater Cleanup Goal. Soil is
excavated and treated to remove explosive contaminants and minimize the potential for

future leaching, therefore, providing additional environmental protection.

4.3.5.3 Compliance with ARARs

Target Groundwater Cleanup Goals are met in the vicinity of the downgradient edge of
the plume as soon as the alternative becomes operational. Eventually, the entire volume
of contaminated groundwater would be remediated and Target Groundwater Cleanup
Goals would be met within the entire area of attainment. Particulate emissions during
excavation, materials handling and thermal treatment must be controlled o meet Clean
Air Act and Nebraska Air Pollution Control regulations. Residuals from the thermal
treatment may be considered hazardous if they fail the TCLP making RCRA Land

Disposal Restrictions applicable to this alternative. Air pollution control systems and
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stabilization/solidification of treatment residuals can be designed to address these ARARs.
The alternative can be designed to meet the ARARs listed in Table 4-1.

4.3.5.4 Long-Term Effectiveness and Permanence

Residual risk is controlled within the plume by point-of-entry treatment and focused
extraction and treatment, and downgradient by containment and treatment. Soil
excavation and treatment further reduces long-term residual risk by minimizing the
potential for continued leaching of explosives from the soil to the groundwater.
Point-of-entry treatment i1s currently in use at the Site, is reliable, and can adequately
protect currently impacted and future users. Containment/extraction systems control long-
term residual risk by controlling the spread of contamination to currently unimpacted users
and currently unimpacted groundwater. System reliability is high but adequacy will be
monitored.  Soil treatment reduces potential leaching of explosive contaminants to
groundwater and long-term residual risk is minimized.

Groundwater monitoring and a S5-year review will evaluate the effectiveness of the
point-of-entry treatment system, extraction system, and containment system.

4.3.5.5 Reduction of Toxicity, Mobility, or Volume¢ Through Treatment

The groundwater treatment technologies being considered include the proven and effective
treatment technologies of GAC and air stripping and the emerging technology. AOP,
which is considered implementable and for which treatability studies are being conducted
for Site groundwater. Thermal treatment of explosives contaminated soil by rotary kiln
incineration is also proven and effective and has demonstrated effectiveness. All
groundwater contamination above Target Groundwater Cleanup Goal will eventually be
destroyed. Toxicity and volume of contaminated groundwater are reduced by extraction
and treatment. Contaminants in groundwater remain mobile but mobility is managed.

Approximately 2.600 cubic yards of soil will be treated and the contaminants destroved.
Thermal treatment of soils reduces toxicity, mobility, and volume and minimizes volume
associated with potential leaching.
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The treatment of soil and groundwater would be irreversible. Groundwater treatment
residuals potentially include spent carbon from groundwater treatment and off-gas
treatment. Residuals from thermal treatment may include scrubber water and ash.
Quantities are manageable and do not pose residual risk when properly managed. With
regard to soil and groundwater, this alternative satisfies the statutory preference for
treatment.

4.3.5.6 Short-Term Effectiveness

Risk to the community is not increased by implementation of the alternative which
includes soil excavation and thermal treatment. There is a potential for exposure
{ingestion or inhalation) to airbome emissions during excavation and treatment of
contaminated soils but exposures can be easily and adequately controlled. There is
minimal risk to workers involved in the Site remediation outside of general construction
safety issues during implementation of the alternative remedy. Care must be exercised
to avoid incidents related to high-temperature activities resulting from the thermal
treatment of contaminated soil.

Adverse environmental impacts during implementation are minimal, but aquifer drawdown
may impact irrigation activities. Excavation and treatment of contaminated subsurface
soils has a beneficial environmental impact due to reduced leaching potential. The
groundwater containment/extraction system would operate for an estimated 140 years.
Restoration time frames are discussed in Appendix B.

Soil treatment would be combined with OU1 and could be completed in approximately
15 months (RUST, 1994¢).

4.3.5.7 Implementability

The groundwater management system including point-of-entry treatment systems and
containment/extraction systems use conventional technologies and are relatively simple
to construct and operate. Thermal treatment of soils involves processes which are
commonly used and have demonstrated effectiveness. Additional point-of-entry treatment
svstems and containment/extraction wells can be easily added. The treatment system for
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extracted groundwater would be designed in a modular fashton to accommodate varying
volumes and influent concentrations. The proposed soil treatment system will be an
expansion of the QU1 system and there is not an anticipated need to expand the system.

No difficulty is expected in gaining approvals for the proposed groundwater treatment
system. The thermal treatment system trial burn will be conducted as a part of OUI
activities.

No difficulties are anticipated for monitoring the system. Groundwater monitoring will
be used to ensure the site cleanup goals are met and that the contamination is contained.
Groundwater and soil treatment require monitoring during implementation to ensure
effective operation and that discharge standards are met.

All services, technologies, and components for Alternative 4 are available.
4.3.5.8 Cost

Alternative 4 conceptual cost estimates are based on the system described in
Section 4.3.5.1 and assume GAC adsorption is the selected treatment technology. The
conceptual cost estimate also assumes one mile of discharge piping and discharge at the
concentrations presented in Section 4.2.1.6. The capital costs for the thermal treatment
systems are included within OU1. The total estimated capital and present worth O&M
costs for the three Target Cleanup Goals are summarized below:

Present Worth Total Capital &
Target Groundwater Capital Cost O&M Cost Present Worth Costs
Cleanup Goal (Million %) (Mitlion $) (Million $)
I $15.2 $350 $51.1
f] $17.0 $44.3 $61.3
181 $17.0 $44 4 614

The detailed cost estimates for Alternative 4 are presented in Appendix L.
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4.3.6 Groundwater Alternative 5 - Focused Extraction with Air Sparging

4.3.6.1 Description

Alternative 5 combines air sparging and focused groundwater extraction with the general
site elements of groundwater monitoring, point-of-éntry treatment for domestic water
supply. hydraulic containment, groundwater treatment, and disposal. Focused extraction
will occur at locations with high concentrations of TCE or RDX, except at the Atlas
Missile area where an air sparging system will be installed for remediation of the
volatiles-only contaminant plume. Two of the groundwater extraction wells sited nearest
the Atlas Missile area for Alternative 4 will be replaced by the air sparging unit.
Contaminated vapor extracted via air sparging will be treated at the ground surface using
vapor phase GAC.

Therefore. in addition to the hydraulic containment wells described for Alternative 2. three
extraction wells will be installed for Target Cleanup Goal I and four extraction wells will
be installed for Target Cleanup Goals II and IIi.

The number, location, and flowrates of these wells and air sparging system were
developed for cost estimating and comparative purposes. Final well locations and
flowrates will be developed during the remedial design. Drawings 4-7A, 4-7B, and 4-7C
show the estimated well locations, pumping rates, discharge piping schematics. and the
location of the air sparging system for Target Cleanup Goals 1. II, and IIi, respectively
tor Alternative 5. Total flows, well numbers and influent concentrations for Alternative 35
are summarized below.
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COST ESTIMATING ASSUMPTIONS
Estimated
InAuent
Target Atlas Missile Load Lines Concentration
Ground- Area 2&3 Load Line 1 Total (/L)
water
Cleanup Flow- Flow- Flow- Flow-
Goal Wells Rate Wells Rate | Wells Rate Wells Rate TCE RDX
{GPM) (GPM) (GPM) {GPM)
I;Wl
I 4 590 3 620 H 240 8 1.450 51 36
i 4 640 8 1.770 i 360 13 2,770 30 23
11 4 640 8 2,000 1 60 13 3,000 23 21

As with the previous alternatives, the estimated influent concentrations are based on
estimated well locations and flow rates and the methodology discussed in Section 4.2.2.3.
The co-mingling of extracted groundwater makes the influent contribution of COCs, other
than TCE and RDX. insignificant. Based on the influent concentrations presented above,
GAC consumption rates were estimated using the Freundlich adsorption model, including
a conservative scaleup factor of 2. discussed in Appendix K. For Alternative 5 the GAC
usage rate is estimated to be 188,000 lbs/vear (515 lbs/day) for Cleanup Goal 1 and
255,000 and 269,000 Ibs/year (699 and 737 lIbs/day) for Cleanup Goals II and III.
respectively. The decreasing concentration of TCE and RDX with increasing extracted
groundwater flow rate results in GAC usage remaining relative constant for Cleanup
Goals II and III. Considering the uncertainties present in making GAC usage rate
estimates, there is no significant difference between 255,000 and 269,000 Ibs/year
{5 percent difference).
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The air sparging system will be located in the Atlas Missile Area where there are
relatively high concentrations of TCE without any explosives. Air sparging is an
emerging technology which removes VOCs, such as TCE, from the groundwater without
extracting the groundwater. This is accomplished by drilling horizontal and/or vertical
wells below the water table. and using the wells to inject air into the contaminated
groundwater. The air migrates upward through the groundwater, and the organic vapors
are collected above the water table by a soil vapor extraction system and treated if
necessary. This technology is not effective for removing explosives, and is not proposed
for areas of explosives- contaminated groundwater.

Emerging technologies, while demonstrated at a pilot scale, remain unproven and
additional pilot scale testing at the Site may be necessary.

The major components of the air sparging and vapor extraction system include:

Horizontal air injection wells

Air vacuum pumps/blowers

Vertical vapor extraction wells

Alir/water separators

Vapor treatment systems (GAC adsorption)
Piping and valves

[nstrumentation

Monitoring of the air sparging process is necessary to ensure proper system performance.
Parameters which would be monitored during the operation of the system include:

Contaminant concentration in extracted air

Dissolved oxygen in groundwater

Radius of influence for both vacuum and sparging wells
Air flowrates

Vacuum and sparging pressure

The design of the air sparging system is based on parameters including:

Contaminants present
Site stratigraphy
*  Geochemical and hydrogeologic properties of the contaminated media
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The air sparging and vapor extraction system were assumed to be operated in a pulsed
manner. The shutdown time allows the soil, groundwater, and soil vapor to equilibrate,
increasing the vapor concentration for subsequent operation periods. Spent carbon from
the vapor treatment system would be sent off-site for regeneration. Water generated from
the vapor treatment system would also be treated with activated carbon and discharged
on-site or taken off-site for disposal.

Initial assumptions and calculations related to specifics of the conceptual air sparging
system including well location, length, area of influence, and estimated VOC extraction
rates are presented in Appendix M. The final parameters will be established in the
remedial design if Alterative 5 is selected as the remedy. A schematic of an air sparging

system is shown in Drawing 4-8.

4.3.6.2 Overall Protection of Human Health and the Environment

Alternative 5 provides buman health and environmental protection by containing
contaminated groundwater and minimizing its potential for migration beyond the area of
attainment. The potential for exposure to contaminated groundwater is minimized by
point-of-entry treatment systems and comtainment/extraction systems. Point-of-entry
treatment systems protect both currently impacted and future groundwater users and are
presently in use at the Site. Containment/extraction systems contain groundwater at the
Target Groundwater Cleanup Goal controlling migration and extract groundwater in areas
of high concentration.. Alternative 5 also reduces VOC contaminant concentrations by
in-situ air sparging, providing additional environmental protection.

4.3.6.3 Compliance with ARARs

Target Groundwater Cleanup Goals are met in the vicinity of the downgradient edge of
the plume as soon as the alternative becomes operational. Eventually, the entire volume
of contaminated groundwater would be remediated and Target Groundwater Cleanup
Goals would be met within the entire area of attainment. Air pollution control systems
for the air sparging system can be designed to meet State air poliution regulations and
Clean Air Act requirements. The alternative can be designed to meet the ARARs listed
in Table 4-1.
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4.3.6.4 Long-Term Effectiveness and Permanence

Residual risk is controlled within the plume by point-of-entry treatment. air sparging, and
focused extraction and treatment. Residual risk is controlled downgradient by
containment and treatment. Point-of-entry treatment Systems are adequate and reliable in
the protection of currently impacted and future groundwater users. Containment/extraction
systems protect future groundwater users by controlling migration of contaminated
groundwater beyond the area of attainment. Although system reliability is high, the
adequacy will be monitored. Air sparging is an emerging technology and reliability and
adequacy must be carefully monitored. The treatment is permanent and irreversible.

Groundwater monitoring, off-gas monitoring, and a 5-year review will evaluate the
effectiveness of the point-of-entry treatment system. the air sparging system, and the

containment/extraction system.

4.3.6.5 Reduction of Toxicity, Mobility, or Volume Through Treatment

Proven and effective treatment technologies are considered including: GAC adsorption.
air stripping, and advanced oxidation. All groundwater contamination above Target
Groundwater Cleanup Goals will eventually be destroyed. Toxicity and volume of
contaminated groundwater are reduced by air sparging and groundwater extraction and
treatment. Contaminants remain mobile but mobility (i.e. migration) is managed.
Treatment residuals would include spent carbon from groundwater treatment and off-gas
treatment. Quantities of treatment residuals would be manageable and do not pose
residual risk when properly managed. With regard to groundwater, this alternative
satisfles the statutory preference for treatment.

4.3.6.6 Short-Term Effectiveness
Overall risk to the community is not increased by implementation of this alternative.

There is minimal environmental rtisks to workers involved in the Site remediation.

Adverse environmental impacts during implementation are minimal but aguifer drawdown
would occur and may impact irrigation activities.
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The components of this alternative are immediately available. The containment/extraction
system would operate for greater than 110 years. Restoration time frame estimates are
presented in Appendix B.

4.3.6.7 lmplementability

The proposed groundwater management system components of point-of-entry treatment
and containment/extraction use conventional technology and are relatively simple to
construct/operate. Air sparging is an emerging technology which may require horizontal
drilling which can be complicated. Additional point-of-entry treatment systems and
containment/extraction wells can be added. Additional air sparging capacity can also be
added. The groundwater treatment system will be designed in a modular fashion to
accommodate varying volumes and influent concentrations.

No difficulties for monitoring of effectiveness of the alternative are anticipated.
Groundwater monitoring will be used to ensure cleanup goals will be met. The
groundwater treatiment system will require monitoring during implementation 1o ensure
effective operation and that discharge standards are met.

4.3.6.8 Cost

Alternative 5 conceptual cost estimates are based on the system described in
Section 4.3.6.1 and assume GAC adsorption is the selected treatment technology. The
conceptual cost estimate also assumes one mile of discharge piping and discharge at the
concentrations presented in Section 4.2.1.6. The total estimated capital and present worth
O&M costs for the three Target Cleanup Goals are summarized below:

Present Worth Total Capital &
Target Groundwater Capital Cost O&M Cost Present Worth Cost
Cleanup Goal (Million %) {Million §) {Million 3)
I $2%.6 3$37.9 $67.5
[§] $31.7 %446 $76.3
11 531.4 $43.8 $7s5.2

The detailed cost estimates for Alternative 5 are presented in Appendix L.

E 920302 FS2ACE 052295

4-41

BO7NE003702-08998




4.3.7 Groundwater Alternative 6 - Focused Extraction with Air Sparging and Soil
Excavation

4.3.7.1 Description

Alternative 6 combines air sparging, focused groundwater extraction, and soil excavation
with the general site elements of groundwater monitoring, point-of-entry treatment.
hydraulic containment, groundwater treatment and disposal. The general site elements are
those described for Alternative 2. The air sparging/soil excavation and treatment are the
same as those described in Alternative 5 and Alternative 4, respectively.

Total flows, well numbers, influent concentrations and GAC consumption rates are the
same as those described for Alternative 5 in Section 4.3.6.1 and were developed for cost
estimating and comparative purposes only. Final well locations and flowrates will be
developed during the remedial design. Drawings 4-7A, 4-7B, and 4-7C show the
proposed well locations and discharge piping schematics for Target Cleanup Goal I, 11,
and III. respectively for Alternative 6. These drawings also show the location of the air
sparging system. Drawings 4-6A, 4-6B. 4-6C and 4-6D show the soil excavation areas.

4.3.7.2 Overall Protection of Human Health and the Environment

Alternative 6 protects human health and the environment because the potential for
exposure to groundwater with unacceptable concentrations of COCs is minimized by
point-of-entry  treatment systems and containment/extraction  systems, The
containment/extraction system control the potential for continued migration beyond the
area of attainment, protecting the environment. Groundwater is extracted in arcas of the
high RDX concentration providing additional environmental protection.

Alternative 6 is also protective of the environment by excavating and treating soil. thereby
minimizing the potential for leaching of explosive contaminants. In-situ air sparging

reduces the VOC contaminant concentrations in groundwater, providing environmental
protection.
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4.3.7.3 Compliance with ARARs

Target Groundwater Cleanup Goals are met in the vicinity of the downgradient edge of
the plume as soon as the alternative becomes operational. Eventually, the entire volume
of contaminated groundwater would be remediated and the Target Groundwater Cleanup
Goals would be met within the area of attainment. Particulate emissions during
excavation, materials handling., and thermal treatment must be controlled to meet Clean
Air Act and Nebraska Air Pollution Control Regulations. Residuals from the thermal
treatment may be considered hazardous if they fail the TCLP making RCRA Land
Disposal Restrictions applicable to this alternative. Air pollution control systems and
stabilization/sohdification of treatment residuals can be designed to address these ARARs.
Air pollution control systems for the air sparging system can be designed to meet State
air pollution regulations and Clean Air Act requirements. The alternative can be designed
and constructed to meet the ARARs listed in Table 4-1.

4.3.7.4 Long-Term Effectiveness and Permanence

Residual risk is controlled within the plume by point-of-entry treatment, air sparging. and
extraction and treatment. Soil excavation and treatment further reduces long-term residual
risk by minimizing the potential for continued leaching of explosives contaminants from
soil to groundwater resulting in contaminant concentrations above the Target Groundwater
Cleanup Goal. Downgradient residual risk is managed through containment of
contaminated groundwater at the Target Groundwater Cleanup Goal. Point-of-entry
treatment systems exhibit long-term reliability and are adequate to protect currently
impacted and future users. Containment and extraction system reliability is high but
adequacy will be monitored.

Groundwater monitoring. off-gas monitoring, and a 5-year review will evaluate the
effectiveness of the point-of-entry systems. the air sparging system. the extraction system.

and the containment system. Soil excavation and treatment permanently removes the
feaching potential and long-term controls and monitoring are not required.
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4.3.7.5 Reduction of Toxicity, Mobility, or Volume Through Treatment

The groundwater treatment technologies being considered include the proven and effective
treatment technologies of GAC and air stripping and the emerging technology., AOP,
which is considered implementable and for which treatability studies are being conducted
for Site groundwater. Air sparging is an emerging technology but can be effective at
reducing contaminant concentrations. Thermal trecatment of explosives contaminated soil
by rotary kiln incineration 1s proven and effective, and has been implemented at similar
sites. Thermal treatment permanently destroys the explosive contaminants. All
groundwater contamination above the Target Groundwater Cleanup Goal will eventually
be destroyed. This reduces the toxicity, mobility, and volume of groundwater
contamination via treatment. It is estimated that 2,600 cubic yards of soil will be treated,
satisfying the statutory preference for treatment, and reducing toxicity. mobility and
volume. The treatment processes considered are irreversible. Potential groundwater
treatment residuals include spem carbon from groundwater treatment and off-gas
treatment. Residuals from thermal treatment of soil may include scrubber water and ash.
which are easily managed and do not pose a residual risk when properly managed. With
regard to soil and groundwater, this alternative satisfies the statutory preference for
treatment.

4.3.7.6 Short-Term Effectiveness

Overall risk to the community is not increased by implementation of Alternative 6, which
includes soil excavation and treatment. There is a potential for exposure (ingestion or
inhalation) to airborne emissions during excavation and treatment of contaminated soil.
but potential exposure can be easily and adequately controlled. There is only minimal
environmental risk to workers involved in the Site remediation outside of general
construction safety issues during implementation of this alternative. Ingestion and/or
inhalation of airborne particulates by workers during excavation and treatment of
contaminated soil is possible but potential exposures are easily managed. Care must be
taken to avoid incidents related to high-temperature activities resulting from the thermal
treatment of contaminated soil.  Potential adverse environmental impacts during
implementation are minimal given the low levels of contaminants, but aquifer drawdown
may impact irrigation activities.
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The excavation and treatment of contaminated soils has an immediate short-term
beneficial impact on the environment since the potential for leaching of explosive
contamination is removed. Point-of-entry treatment systems and containment/extraction
systems are immediately available. Air sparging is an emerging technology which may
require horizontal drilling, but the systems are avatlable and relatively easy to construct.
The groundwater containment/extraction and air sparging system would operate for

approximately 110 years. Restoration time frames are presented in Appendix B.

Soil treatment could be completed in approximately 15 months (RUST, 1994¢).

4,3.7.7 Implementability

The groundwater management system components including point-of-entry treatment, and
containment/extraction followed by treatment are relatively simple to construct and
operate. Air sparging may require horizontal drilling which can be complicated. Thermal
treatment of soils involves processes which are commonly used and have demonstrated
effectiveness. Additional point-of-entry systems and containment/extraction wells can
easily be added if they become necessary. The treatment system would be designed to
accommodate varying volumes and influent concentrations and could be expanded in a
modular fashion. There is not an anticipated need to expand the air sparging system or
thermal soil treatment system which will be undertaken concurrently with OUl. No

difficulties are anticipated with system monitoring, which employs conventional sampling
and analysis techniques.

Groundwater monitoring will be used to ensure that progress toward the final Target
Groundwater Cleanup Goal and discharge standards are being met. During operation the
soil treatment system will be monitored to ensure effective operations in compliance with
the operating parameters. No difficulty in gaining approval for the groundwater treatment
system 1s anticipated. The thermal treatment system trial burn will be conducted as part
of the OU1 activities. All required services, technologies, and components for
implementation of this alternative are readily available. '
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4,.3.7.8 Cost

The conceptual cost estimates for Alternative 6 are based on the system described in
Section 4.3,7.1 and assume GAC adsorption is the selected treatment technology. The
conceptual cost estimate also assumes one mile of discharge piping and discharge at the
concentrations presented in Section 4.2.1.6. The capital costs for the thermal treatment
system are included within OUl. The total estimated capital and present worth O&M
costs for the three Target Cleanup Goals are summarized below:

t Worth Total Capital &
Target Groundwater Capital Cost :;s;:’ C:sl Pre:e:t ‘:(?“: Cost
Cleanllp Goal (Million 5) (Mi“ion $) (Mi“ion s}
! $33.9 3380 3718
I $36.0 $44.7 $80.6
11 $35.7 $£43.9 $79.5

The detailed cost estimates for Alternative 6 are presented in Appendix L.

4.3.8 Groundwater Alternative 7 - Groundwater Extraction
4.3.8.1 Description

Alternative 7 includes groundwater monitoring, point-of-entry treatment for domestic
water supply. hydraulic containment. groundwater extraction throughout the area of
attainment, treatment, and disposal. The containment/extraction system in Alternative 7
consists of a total of 9 to 17 wells, depending on the Target Groundwater Cleanup Goal.
The number, location, and flowrates of these wells were developed for cost estimating and
comparative purposes. Final well locations and flowrates will be developed during the
remedial design.

The estimated groundwater extraction well focations and discharge piping schematics for
Target Cleanup Goals [, II. and III are shown on Drawings 4-9A. 4-9B. and 4-9C,
respectively. The schematics show the location of the wells with respect to groundwater
contamination and other Site features. The extraction wells are located within and on the
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downgradient edge of the shallow and intermediate groundwater contamination plumes.
Well location information ts summarized below:

COST ESTIMATE ASSUMPTIONS
Estimated
Influent
Atlas Missile Concentration
Area Load Lines 2 & 3 Load Line I Total (ug/L)
Target
Groundwater Total Total Total Total
Ci Goal Fiow- Fiow- Flow- Flow-
canup Lroa Wells | (Gpny | Wells (GPM) Wells | (Gpm) | Wells | (GpMm) | TCE | RDX
1 5 1.630 3 620 1 240 9 2.490 338 i8
i 5 1.680 9 2160 1 360 5 4.200 205 23
11 s 1,680 1t 2.870 ] 360 17 4,910 173 21

As with the previous alternatives, the estimated influent concentrations are based on
estimated well locations and flowrates, and the methodology discussed in Section 4.2.2.3.
The co-mingling of extracted water makes the influent contribution of Site COCs other
than TCE and RDX insignificant. Therefore, GAC consumption rates are based on the
influent concentrations of TCE and RDX using the Freundlich adsorption model discussed
in Appendix K. For Alternative 7 the GAC usage rate is estimated to be approximately
568.000 lbs/year (1,556 lbs/day) for Cleanup Goal I; 819,000 Ibs/year (2,244 Ibs/day) for
Cleanup Goal II; and 896,000 Ibs/year (2,455 Ibs/day) for Cleanup Goal III. A
conservative scaleup factor of 2 is included in these estimates in the absence of treatability
study data.

4.3.8.2 Overall Protection of Human Health and the Environment

Point-of-entry systems protect currently impacted and future users by eliminating the
potential for exposure to groundwater with unacceptable concentrations of COCs.
Point-of-entry treatment systems are currently in use at the Site. Containment/extraction
systems protect future users because groundwater is contained and extracted. and
migration above the Target Groundwater Cleanup Goal is controlled. Contaminant
concentrations are reduced by extraction and treatment providing protection of human
heaith and the environment.
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4.3.8.3 Compliance with ARARs

Target Groundwater Cleanup Goals are met in the vicinity of the downgradient edge of
the plume as soon as the alternative becomes operational. Eventually, the entire volume
of contaminated groundwater would be remediated and the Target Groundwater Cleanup
Goal would be met within the area of attainment. The alternative can be designed to meet
ARARSs listed in Table 4-1.

4.3.8.4 Long-Term Effectiveness and Permanence

Residual risk is controlled within the plume by point-of-entry treatment. and extraction
and treatment, and downgradient by containment and treatment. Point-of-entry treatment
is adequate to protect current and future users and the systems are proven and reliable.
The containment/extraction systems are proven and reliable. Point-of-entry GAC
adsorption is presently in use at the Site Containment controls long-term residual risk by
controlling the spread of contamination.

Groundwater monitoring and a S-year review will evaluate the effectiveness of

point-of-entry treaiment systems, extraction system, and containment system.

4.3.8.5 Reduction of Toxicity, Mobility, or Volume Through Treatment

Proven and effective treatment technelogies including: GAC adsorption. air stripping. and
advanced oxidation are being considered for treatment of extracted groundwater. By
implementing one of these technologies, all groundwater contamination above the Target
Groundwater Cleanup Goal will eventually be destroyed. The toxicity and volume of
contaminants in groundwater will be reduced and the mobility (i.e. migration) will be
managed. With regard to groundwater, this alternative satisfies the statutory preference
for treatment.

4.3.8.6 Short-Term Effectiveness

Risks to the community are not increased by implementation of this alternative.
Environmental risks to workers involved in the Site remediation are minimal. Adverse

E 92030 2FSXACE (52295 4-48

BO7NE003702-09005



environmental impacts during implementation would be minimal but extraction will result
in aquifer drawdown which may impact irrigation. The groundwater extraction and
containment system for the three Target Groundwater Cleanup Goals would operate for
greater than 90 years. Restoration time frames are discussed in Appendix B.

4,3.8.7 Implementability

Groundwater extraction and hydraulic containment systems use conventional technology
and are relatively simple to construct and operate. Point-of-entry treatment systems are
simple to install and available immediately. Additional point-of-entry treatment systems
and extraction/containment wells can easily be added. The wreatment system for extracted
groundwater will be designed in a modular fashion to accommodate varying volumes and
influent concentrations. Monitoring the effectiveness of the groundwater extraction/
containment and treatment systems uses common sampling and analysis techniques, is
easily implemented, and reliable.

4.3.8.8 Cost

The conceptual cost estimates for Alternative 7 are based on the system described in
Section 4.3.8.1 and assume GAC adsorption is the selected treatment technology. The
conceptual cost estimate also assumes one mile of discharge piping and discharge at the
concentrations presented in Section 4.2.1.6. The total estimated capital and present worth
O&M costs for the three Target Cleanup Goals are summarized below.

Present Worth Total Capital &
Target Groundwater Capital Cost 0&M Cost Present Worth Cost
Cleanup Goal {Million $) (Miilion $) (Million $}
I $10.3 536.8 $47.1
1 $14.8 547.4 $62.2
1l $152 $51.0 $66.2

The detailed cost estimates for Alternative 7 are presented in Appendix L.
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4.3.9 Groundwater Alternative 8 - Groundwater Extraction with Soil Excavation
4.3.9.1 Description

Alternative 8 includes all of the groundwater elements of Alternative 7 with the addition
of soil excavation and thermal treatment. Total flows, well numbers, influent
concentrations, and GAC consumption rates are presented in Section 4.3.8.1.
Drawings 4-9A, 4-9B, and 4-9C show the proposed well locations. pumping rates. and
discharge piping schematics for Target Cleanup Goal I, II, and III, respectively. The
number, location, and flowrates of the wells were developed for cost estimating and
computative purposes. Final well locations and flowrates will be developed during

remedial design.

Alternative 8 also incorporates soil excavation and treatment of explosives contaminated
soils to reduce potential leaching. The soil excavation and treatment elements are the
same as those described in Alternative 4 (Section 4.3.5.1). Drawings 4-6A. 4-6B. 4-6C
and 4-6D show the soil excavation areas. Soil volume calculations are presented in
Appendix E.

4.3.9.2 Overall Protection of Human Health and the Environment

Alternative 8 protects human health and the environment because the potential for
exposure to groundwater with unacceptable concentrations of COCs is minimized by
point-of-entry systems and containment/extraction systems. These systems protect both
current and future users. Contaminated groundwater is contained at the Target
Groundwater Cleanup Goal and extracted. thus migration above the Target Groundwater
Cleanup Goal is minimized. Soil is excavated and treated to remove explosives
contaminants and minimize the potential for future leaching. therefore. providing
additional environmental protection.

4.3.9.3 Compliance with ARARs

Target Groundwater Cleanup Goals are met in the vicinity of the downgradient edge of

the plume as soon as the alternative becomes operational. Eventually. the entire volume
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of contaminated groundwater would be remediated and the Target Groundwater Cleanup
Goal would be met within the area of attainment. The alternative can be designed to meet
the ARARs listed in Table 4-1.

4.3.9.4 Long-Term Effectiveness and Permanence

Residual risk is controlled within the plume by point-of-entry treatment and extraction,
and downgradient by containment and treatment. Soil excavation and treatment reduces
long-term residual risk by minimizing the potential for continued leaching of explosives
contaminants from soil to groundwater resulting in contaminant concentrations above the
Target Groundwater Cleanup Goal. Point-of-entry treatment is reliable and adequate and
currently in use at the Site. The extraction system reliability is high but adequacy will
be monitored. '

Groundwater monitoring and a 5-year review will evaluate the effectiveness of
point-of-entry treatment systems, exiraction system. and containment system. Soil
treatment permanently removes leaching potential and long-terrn monitoring and controls

are not required.

4.3.9.5 Reduction of Toxicity. Mobility, or Volume Through Treatment

Proven and effective treatment technologies for groundwater. including GAC adsorption,
air stripping. and advanced oxidation. are being considered for treatment of groundwater.
Thermal treatment of explosives-contaminated soil by rotary kiln incineration is also
proven and effective, All groundwater coniamination above the Target Groundwater
Cleanup Goal will eventually be destroyed. Toxicity and volume of contaminated
groundwater are reduced. Contaminants remain mobile but mobility is managed.

It is estimated that 2.600 cubic yards of soil will be treated and the contaminants
destroved.

Thermal treatment of soils reduces toxicity. mobility. and volume and minimizes
volumeassociated with potential leaching.
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The treatment of soil and groundwater would be irreversible. Groundwater treatment
residuals potentially include spent carbon from groundwater treatment and off-gas
treatment. Residuals from thermal treatment may include scrubber water and ash.
Quantities are manageable and do not pose residual risk when properly managed. With
regard 1o soil and groundwater, this alternative satisfies the statutory preference for treatment.

4.3.9.6 Short-Term Effectiveness

Risk to the community is not increased by implementation of the alternative which
includes soil extraction and thermal treatment. There is a potential for particulate
exposure (ingestion or inhalation) due to airborne emissions during excavation and
treatment of contaminated soils but exposures can be adequately controlled. There is only
minimal environmental risk to workers involved in the Site remediation. Care must be
taken to avoid incidents related to high-temperature activities resulting from the thermal
treatment of soil.

Adverse environmental impacts during implementation are minimal, but aquifer drawdown
may impact irrigation activities. Excavation and treatment of contaminated subsurface
soils has a beneficial environmental impact due to reduced leaching potential.
Point-of-entry  treatment is immediately available. The groundwater
containment/extraction system would operate for an estimated 90 years. Soil treatment
could be completed within 15 months (RUST, 1994).

4.3.9.7 Implementability

The groundwater treatment system including point-of-entry and containment/extraction
systems use conventional technology and are relatively simple to construct and operate.
Thermal treatment of soils involves processes which are commonly used and have
demonstrated  effectiveness. Additional point-of-entry treatment systems and
containment/extraction wells can be easily added. The groundwater treatment system
would be designed in a modular fashion to accommodate varying volumes and influent
concentrations. The proposed soil treatment system will be an expansion of the OUI
svstem and there is not an anticipated need for the expansion of the system. No difficulty

E 920302 FS2ACE 052295 4-52

BO7NE003702-09009



is expected in gaining approvals for the proposed groundwater treatment system, The
thermal treatment system trial burn will be conducted as a part of OUI activities.

No difficulties are anticipated for monitoring the system. Groundwater monitoring will
be used to ensure the site cleanup goals are met and that contamination is contained.
Groundwater and soil treatment require monitoring during implementation to ensure
effective operation and that discharge standards are met. Al services, technologies. and
components for implementation of this alternative are available.

4.3,9.8 Cost

Alternative 8 conceptual cost estimates are based on the system described in Section
4.3.9.1 and assume GAC adsorption is the selected treatment technology. The conceptual
cost estimate also assumes one mile of discharge piping and discharge at the
concentrations presented in Section 4.2.1.6. The total estimated capital and present worth
0&M costs of the three Target Cleanup Goals are summarized below:

G d Present Worth Total Capital &
T roun waterG | Capital Cost 0O&M Cost Present Worth Cost
arget Cleanup Goa (Million $) (Million $) (Million $)
i 3146 $36.9 $51.5
fl $19.0 $47.5 $66.5
I $19.4 $51.1 $70.5

The detailed cost estimates for Alternative 8 are presented in Appendix L.
4.4 COMPARATIVE ANALYSIS OF ALTERNATIVES

This section presents a comparative analysis of the eight alternatives retained above.
Table 4-2 summarizes the detailed analysis of each alternative and is included here to
assist in comparing and contrasting the eight alternatives. The comparative analysis
presented below evaluates the performance of the various alternatives against the nine
evaluation criteria previously described.
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4.4.1 Overall Protection of Human Health and Environment

Alternative 1 does not satisfy the requirement to protect human health or the environment,
Overall risk is not reduced by implementation of this alternative.

Alternatives 4, 6, and 8 are the most protective of the environment because they not only
contain contaminated groundwater at the Target Groundwater Cleanup Goal. they also
remove and treat leaching soils, which provides further protection to the environment. Of
these threc alternatives, Alternative 8 is the most protective because it extracts
groundwater at the highest flowrate thus removing the largest mass of contamination in
the shortest time. Alternative 6 which utilizes air sparging and Alternative 4 which
includes focused groundwater extraction provide approximately the same level of
environmental protection.

The remaining four alternatives: Alternatives 2, 3, 5, and 7 are also protective of the
environment. All of these alternatives include the element of containment at the Target
Groundwater Cleanup Goal. The levels of protection between Alternatives 3 and 5 are
approximately the same, since both aggressively treat the VOC plume but utilize different
methods (i.e., air sparging vs. focused extraction). Therefore, the level of protection
generally increases between 2 and 3, and 5 and 7.

With the exception of Alternative 1. the remaining seven alternatives are protective of
human heaith through point-of-entry treatment and containment of groundwater
contamination at the Target Groundwater Cleanup Goal. Containment protects currently
unimpacted users from being exposed to groundwater with unacceptable levels of Site
COCs.

4.4.2 Compliance with ARARs

Alternative 1 does not comply with ARARs. The remaining alternatives can be designed
to meet the ARARs and the TBC standards where pertinent. Table 4-1 presents the
ARARs and indicates which ARARs are pertinent to a given alternative.
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4.4.3 Long-Term Effectiveness and Permanence

Alternative 1 does not provide any long-term effectiveness as contaminated groundwater
will continue to migrate and impact currently unimpacted arcas. The remaining seven
alternatives are all effective in the long-term and control residual risk by point-of-entry
treatment and containment at the Target Groundwater Cleanup Goals and treatment.
Alternatives 4, 6, and 8 also control long-term residual environmental risk from leaching
since the leachable soils are excavated and thermally treated thereby removing the
potential for continued leaching of contaminants to groundwater resulting in concentration
above the Target Groundwater Cleanup Goals.

The containment/extraction systems and treatment systems proposed all use conventional
technology and can be easily constructed. Once operational. the systems are reliable, but
monitoring will be employed to evaluate adequacy of the containment/extraction and
treatment systems.

Alternatives 5 and 6 employ air sparging. which is an emerging technology and reliability
at full scale implementation is not known. Air sparging may use horizontal drilling.
which can be complicated.

Alternatives 4, 6, and 8 involve the excavation and thermal treatment of leachable soils.
Removal (excavation) of the identified soils is easily accomplished by conventional
construction techniques. Thermal treatment is a well-established technology which has
been successfully demonstrated on explosives-contaminated soils.

All alternatives would require a 5-year review to ensure that contaminant migration is
being controlled and that the containment/extraction and treatment systems are meeting
the remedial action objectives.

4.4.4 Reduction of Toxicity, Mobility, or Volume
This criterion addresses the use of treatment technologies to significantly reduce toxicity,

mobility. and volume. According to CERCLA Section 121(b). preference should be given
to those alternatives which employ treatment. With the exception of Alternative 1, all the
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alternatives use treatment in combination with containment and/or extraction. The
groundwater treatment technologies being considered include the proven and effective
treatment technologies of GAC and air stripping and the emerging technology. AOP,
which is considered implementable and for which treatability studies are being conducted
for site groundwater. An emerging treatment techrniology, advanced oxidation. is also
being considered for groundwater treatment. Treatability testing to evaluate this
technology is currently underway. Another emerging technology, air sparging, is also
being considered for Alternative 5 and Alternative 6. In addition, Alternatives 4, 6, and
8 include thermal treatment, which will eliminate the toxicity. mobility. and volume of
contaminants associated with the leaching soils.

All treatment processes being considered are irreversible.

Treatment residuals will be associated with all the alternatives. These primarily include
spent GAC from direct treatment of groundwater or treatment of the off-gas stream
associated with air stripping and/or air sparging. The alternatives which employ thermal
treatment of soils will also generate residuals in the form of ash and scrubber water, and
treated soil which can be returned to the excavation if it passes TCLP. The residuals
generated are easily managed and do not posses residual risk when managed properly.

4.4.5 Short-Term Effectiveness

Short-term effectiveness evaluates potential impacts on human health and the environment
during construction and implementation of the various alternatives. Implementation of
Alternative 1 does not impact human heaith or the environment as no action is taken
beyond groundwater monitoring which will have little or no impact on the surrounding
community. The remaining seven alternatives will include drilling. trenching., and
construction of the treatment plant. All of these activities will result in the generation of
dust and noise and an increase in traffic around the Site. Alternatives 4. 6, and 8 which
involve excavation and transport of leachable soils prior to thermal treatment will result
in the largest potential for dust generation. However, dust generation is easily controlled
and should not increase risk to the local community. Short-term environmental risk to
workers are not significant beyond those associated with general construction activities.
Care must be taken with Alternatives 4, 6, and 8 to avoid incidents related to high
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temperature activities from thermal treatment of soil. The remaining alternatives all
present similar levels of short-term risk because extraction well drilling. trenching, and
treatment building construction are required for each alternative.

Implementation of Alternatives 2 through 8 will result in the drawdown of the water level
in the aquifer. The drawdown will vary spatially depending on proximity to containment/
extraction wells, the containment/extraction well flowrate, the physical dimensions of
theaquifer, and the hydraulic properties of the aquifer. Alternative 2 has the lowest total
extraciion flowrate which resuits in the lowest overall potential of adverse impacts due
to aquifer drawdown. Alternatives 7 and 8 have the highest total extraction flowrates,
which result in a correspondingly high potential for adverse impacts from drawdown. The
following list ranks the alternatives in terms of increasing total extraction flow rate.
Thelist also ranks the potential for adverse effects from drawdown from lowest to highest
potential effect.

Alternative 2

Alternatives 5 and 6
Alternatives 3 and 4
Alternatives 7 and 8

Time estimates until the Target Groundwater Cleanup Goals are achieved are presented
in Appendix B.

4.4.6 Implementability

Al] of the alternatives are implementable with Alternative 2 being the easiest to implement
because it requires the fewest number of containment wells. Alternatives 5 and 6 employ
air sparging which is an emerging technology which may require horizontal drilling
making them the most difficult to implement. All the alternatives (except Alternative 1)
employ conventional construction technologies and the associated equipment, operators
and specialists are readily available. Alternatives 2 through 7 could be easily expanded
if necessary by adding additional point-of-entry treatment systems and or additional
containment/extraction wells. The treatment plant will be designed in a modular fashion
to allow for expansion if additional flow is added to the system. The groundwater
treatment technologies being considered include GAC, AOP. and air stripping. AOP is
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an emerging technology but considered implementable.

established and easily implementable.

GAC and air stripping are

Excavation and thermal treatment of soil included as part of Alternatives 4, 6 and 8 is
easily implemeniable. Soil excavation and thermal treatment is proposed as the preferred

remedial action for OU1l contaminated soils. Implementation of excavation and thermal

treatment of additional contaminated soils identified as part of an OU2 remedy could be
accomplished during the OU1 Remedial Action.

The ability to monitor the effectiveness of the systems is relatively simple as groundwater

sampling and analysis and off-gas sampling and analysis are well established.

4.4.7 Costs

4.4.7.1 Cost Summary

Alternatives are evaluated in terms of estimated capital costs, annual O&M costs, and
present worth costs. The following tabulation summarizes the estimated costs for each
alternative based on the Target Groundwater Cleanup Goals.

Capital Cost

Conceptual Cost Summary

Present Worth O&M Cost

Total Present Worth Cost

Cleanup Goal | Cb Goal | QI p Goal | Cweanup Goal | Cleanup Gosl | Cleanup Goal Cleanup Cleanup Goal | Clennup Goal
Alternative 4 1 n ¥ 1] 1 Goal n m
[Million §) {Millien 3) (Million %y {Mittion %) (Million 5) {Million 5) 1 {Miklion $) ¢Million §)
(Mitlion $)
1 O O 1] 31 sl $1L) 5111 311 S1LE
: 504 382 379 3133 271 27 5298 33512 a5l
3 MARY 1128 5i28 3358 $442 1443 %468 $57.0 1871
4 $15.2 170 $17.0 13159 443 $44 4 510 1613 5614
3 296 $317 1314 1379 $44 6 5438 $67.5 $76.3 $752
£ 1314 %360 8357 £3840 %447 3439 5718 180 4 1795
= Si¢r 3 148 $18.2 $368 $474 3500 472 $62.0 $66.2
E] S48 5190 £194 $i649 $47.5 151 44915 $66 5 3703

The estimated present worth costs constitute the present worth of all of the annual cost

elements assuming a project life of 80 years. The present worth cost components for each

alternative a
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* Quarterly groundwater monitoring costs for years 1 through 5

¢ Annual groundwater monitoring costs for years 6 through 80

e Annual operation and maintenance costs for years 1 through 80

» Periodic costs incurred every five years for ;selccted equipment replacement

¢ Major equipment replacement costs incurred at 20-year intervals

The present worth costs are calculated for an 80-year period using a 6 percent discount
rate. The 80-year period was selected because it approaches the shortest restoration time
frame estimate of approximately 90 years. The 80-year period was selected because it
provides a realistic estimate of costs and provides a common cost estimating basis between
alternatives.

Three major assumptions are common to the cost estimates for Alternatives 2 through &:

¢ Extracted groundwater is treated using GAC adsorption

¢ There is no cost to any alternative for disposal (either on-/off-site stream
discharge or beneficial reuse) except for one mile of discharge piping

* All capital costs associated with the construction, installation and startup of
the thermal treatment system (Alternatives 4. 6, and 8) are accounted for as
OUI costs

Capital costs are not proportional to pumping rates (i.e. extracted groundwater flow rates),
and sometimes costs associated with attaining Cleanup Goal Il are higher relative to

Cleanup Goal III (which has a larger volume of water). Capital costs are primarily
dependent on:

¢ The number of containment/extraction wells

¢ The length of piping and number of pumps required to transfer extracted
groundwater to a fixed treatment location

For example, the number and location of containment/extraction wells is determined by

the geometry of the individual plumes. As requirements for total groundwater extraction
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rate increases, the number of wells may not necessarily increase proportionally. In some
cases, a specific well can capture a larger plume by only increasing the flow rate instead
of adding a proportional number of wells. In other cases additional wells may be required
with higher flow rate per well. For example. Alternative 5, Cleanup Goal I has § wells
with a total flow rate of 1,450 GPM while Alternative’ 7. Cleanup Goal | has 9 wells with
a total flow rate of 2,490 GPM. The increase in number of wells is 13 percent versus a
72 percent increase in flow rate.

As another example, a 6-inch pipeline will carry more than twice the flow of a 4-inch
pipeline, yet installation costs for the 6-inch pipeline are much less than twice the costs
associated with a 4-inch pipeline. Also, the construction costs for a 200 gpm well are
only minimally greater than for a 400 gpm well. Both wells would use the same size
casing, filter packs, well screens, and surface structures. The size of the pumps would

differ between the wells.

However the cost of the treatment plant is proportional to the extracted groundwater
flow rate.

Detailed cost assumptions and cost calculation sheets are presented in Appendix L.

4.4.7.2 Cost Sensitivity Analysis

Some of the factors used to estimate costs may have a significant level of uncertainty. To
address these uncertainties, cost sensitivity analyses were performed for Alternatives 2
through 8. It was assumed that the monitoring costs associated with all eight alternatives
are known with a relatively high degree of certainty. therefore. no cost sensitivity analysis
was performed. The sensitivity analysis consisted of the following:

¢ Identifying major cost components for each alternative that have a significant
degree of uncertainty and estimating the reasonable minimum and maximum
values for each component

* Varying the values assumed for these components
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* Evaluating the relative change (sensitivity) of the present worth cost (tabulated
in the preceding section) to these variations

If the variation results in a significant (20 percent or greater) change in the present
worthcost, then the present worth cost will be considered sensitive to the varied

component,
The major cost components can be classified into the following categories:

* Physical components which determine the volume of groundwater extracted
to satisfy the general response action for the alternative (hydraulic
containment, focused extraction, and extraction throughout the area of
attainment), or in the case of air sparging, the capacity of the air sparging
system

¢ Treatment components which impact the ability of the alternatives to reduce
the COC concentrations in the extracted groundwater to the required
Dhischarge Standards

¢ Financial components which are used to estimate the costs of the alternatives

Restoration Time

At this site. the shortest of the restoration time frame estimates for the alternatives is
approximately 90 years. Present worth calculations are relatively insensitive to variations
in project lifetimes which are initially on the order of 100 vears or greater. The
restoration time frames for the remainder of the alternatives are in excess of 100 years.
For this reason. an analysis of present worth cost sensitivity to variations in restoration
time frame estimates will not be performed.

Area of Attainment

The size of the area of attainment is dependent on the Target Groundwater Cleanup Goal
selected. The areas of attainment defined for each set of Preliminary Target Groundwater
Cleanup Goals are based on the extent of contamination defined by the particular
¢leanupgoals. The contaminant concentrations are highest near the source areas. and
generally decrease away from the source areas, For this reason. as the Target

Groundwater Cleanup Goals concentrations decrease, the corresponding areas of attainment
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increases. An analysis was performed to provide information concerning cost sensitivity
relative to the different areas of attainment. The base for the analysis is the area of
attainment corresponding to Target Groundwater Cleanup Goal 1. The sizes of Cleanup
Goal II (5,880 acres) and Cleanup Goal IIl (6,450 acres) arcas of attainment are
approximately 116 percent and 137 percent, respectively. larger than the size of Cleanup
Goal 1 (2,720 acres). The following tabulation shows the presemt worth cost sensitivity
relative to the areas of attainment defined by the three sets of Preliminary Target
Groundwater Cleanup Goals.

Cost Sensitivity to Area of Attainment as Defined by Preliminary Target Groundwater Cleanup
Goals
Cleanup Goal 1 Cleanup Goal 1l Cleanup Goal 111
Cost (5,880 acres) (6,450 acres)
: 2,720 acres

Alternatly ((Million $)) Cost Cost Cost Cost

€ e . ns .
(Million %) %% Diff, (Million $) % Diff.

2 29.6 353 19.3 351 18.6

3 46.8 57.0 213 574 22.0

4 51.1 61.3 20.0 614 20.2

5 67.5 76.3 13.0 75.2 11.4

6 71.8 80.6 123 79.5 10.7

7 47.1 62.2 32.1 66.2 40.6

3 51.5 606.5 291 70.5 36.9

The data show that the overall costs are higher for Cleanup Goals II and Il with respect
to Cleanup Goal 1. Alternatives 3, 4, 7 and 8 costs show a significant increase (greater
than 20 percent) in cost when Cleanup Goals 11 and 1] are compared with Cleanup Goal 1.
Alternatives 7 and 8 (groundwater extraction and groundwater extraction with soil
excavation) appear to be most sensitive to changes in the area of attainment. Increases for
these alternatives range from 29 to 41 percent when Cleanup Goals II and III are
compared with Cleanup Goal I.

The remaining sensitivity analyses will be performed using the area of attainment
definedby Cleanup Goal I only.
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Groundwater Extraction Flowrate

There is uncertainty associated with the number of groundwater extraction wells and the
rate at which those wells will be pumped. For the sensitivity analysis, it will be assumed
that the number of wells does not change for each alternative, and costs will be varied
based on varying flowrates. The total extraction flowrates estimated for Alternative 2
through 8 earlier in Section 4.0 are based on the hydraulic conductivity of the sand and
gravel unit of the Pleistocene aquifer. During the OU2 RI, the hydraulic conductivity of
the overlying fine sand unit was estimated to be lower relative to the sand and gravel
hydraulic conductivity. Hydraulic containment was simulated using both values of
hvdraulic conductivity as a part of the Removal Action groundwater modeling (WCC,
1994a). The groundwater modeling showed that the ratio of the total extraction flowrate
simulated using the lower (fine sand unit) hydraulic conductivity to the flowrate simulated
using the higher (sand and gravel unit) hydraulic conductivity was approximately 0.41.
For the sensitivity analysis the reasonable minimum total extraction flowrate was
calculated as 41 percent of the reasonable maximum flowrate and the reasonable maximum
total extraction flowrate was assumed to be the total extraction flowrates estimated using
the sand and gravel unit hydraulic conductivity. The reasonable maximum and minimum
estimated tlowrates are tabulated below.

Reasonable Maximum Total Reasonable Minimum Total
Alternative Extraction Flowrate (gpm) Extraction Flowrate (gpm)
2 970 400
3 1,980 810
3 1,980 810
5 1.450 595
& 1,450 5G5
7 2,490 1020
£ 2.,490G 1.020

The flowrates tabulated above were estimated for performing the sensitivity analysis. The

flowrate estimate will be refined during remedial design.

For the sensitivity analysis. the costs were varied by making the following changes to
thecost estimates of Alternatives 2 through 8 (Cleanup Goal I):
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e The direct capital cost for the treatment system decreased to 41% of the cost
for the reasonable maximum flowrate assuming that flowrate and treatment

system capital costs are linearly dependent

* Adjustments were made to the indirect capital costs which were based on a
percentage of the direct capital costs

¢ (Carbon usage rates were recalculated using the reasonable minimum flowrates

+ The power requirements for the groundwater extraction pumps were adjusted

based on the reasonable minimum flowrates and the corresponding electricity
usage rates were recalculated

¢ The groundwater monitoring costs were not altered

The following tabulation shows the present worth cost sensitivity relative to a reduction

in total extraction flowrate.

Cost Sensitivity to a Reduction in Total Extraction Flowrate
Base (Cleanup Goal T) 41% Reduction in Flowrate
Cost at Maximum Flowrate Cost

Alternative (Million §) (Million %) % Diff.
2 29.6 257 (-13.2)
3 46.8 349 {-~254)
4 s1.1 392 (-233)
5 67.5 59.8 t-11.4)
6 71.8 64.1 (~10.7})
7 47.1 336 i -26.5)
8 51.5 389 ( -245)

Similar to the results for the area of attainment analysis, Alternatives 3, 4. 7 and 8 costs

are sensitive to changes in the groundwater extraction flowrate.

The decrease in costs

associated with the 41 percent decrease in flowrate ranges from approximately 23 to 27

percent for these alternatives.
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Groundwater Treatment Costs

There is uncertainty associated with the contaminant concentration in the groundwater
entering the treatment system. A change in concentration would impact the costs
associated with treatment {for example, the carbon use rate would increase with increasing
influent concentration). The reasonable minimum treatment costs are the base treatment
costs {Cleanup Goal 1) reduced by 30 percent, and the reasonable maximum treatment
costs are the base costs increased by 50 percent. These minimum and maximum variances
were chosen to correspond to the -30 percent to +50 percent accuracy of the overall cost
estimates, as suggested in the guidance document (EPA, 1986).

The direct and indirect capital costs associated with the treatment system were not altered.

The sensitivity analysis was performed using estimated GAC treatment costs for Cleanup
Goal 1. Tt is assumed that cost sensitivity to GAC treatment costs will be approximately
similar for Cleanup Goals II and I1I. For the sensitivity analysis, the costs were varied by
making the following changes to the cost estimates of Alternatives 2 through 8 (Cleanup
Goal I):

* The influent concentrations used in the granular activated carbon usage rate
calculations were increased by 50 percent and decreased by 30 percent

¢ The estimated costs for granular activated carbon (based on the adjusted usage
rates) were recalculated.

¢ The groundwater monitoring costs were not altered

The following tabulation shows the present worth cost sensitivity relative to changes in
the cost of GAC treatment.
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Cost Sensitivity to Changes in GAC Treatment Costs

Influent Conceniration Influent Concentration

Bas (Ceanap Gon pryeld !
Cost Cost % Cost Yo
Alternative (Million $) (Million %) Diff. (Million $) Diff,
2 29.6 29.1 (- 1.7 30.2 2.0
3 46.8 455 {-2.8) 48.7 4.1
4 51.1 49.8 { - 2.5} 53.0 3.7
5 67.5 66.8 {-1.0) 68.4 1.3
6 71.8 7.1 {-1.0) 72.7 1.3
7 47.1 45.5 { - 3.4) 494 4.9
8 51.5 49.8 {-3.3) 537 4.3

The data indicate that Alternatives 2 through 8 are not sensitive to changes in influent

concentrations.

The present worth costs were calculated using a discount rate (before taxes and after

inflation)} of 6 percent. The value of the discount rate is uncertain due to dependence on

factors such as the long term interest and the inflation rates. The reasonable minimum and

maximum disccent and § percent (reflecting a £33 percent change in the discount rate.

The following tabulation shows the present worth cost sensitivity relative to changes in

the discount rate.

E 020202 FS2 ACE

0522658

4-66

BO7NE003702-09023



Cost Sensitivity to Changes in Discount Rate
oo Cotord 3ng |5 et Dicount
Rase (Cleanup Goal I) Rate
Cost Cost % Cost %4
Alternative (Million %) {Million $) Diff. | (Million $) Diff.
2 296 7.5 26.7 25.2 (- 149
3 46.8 60.5 29.3 39.3 t-16.0)
4 51.1 64.8 26.8 43.6 (- 14.7)
5 67.5 821 216 59.5 t-11.9
6 71.8 86.4 203 63.8 (- 110
7 47.1 61.2 299 94 - 16.3)
8 51.5 65.5 272 437 (- 151

Alternatives 2 through 8 are sensitive to a decrease in the discount rate from 6 percent to4
percent. The relative change in cost ranges from approximately 20 to 30 percent. None
of the alternatives display a significant change in the estimated cost when the discount rate
is increased from 6 to 8 percent. The relative change in costs range from 11 to 16
percent.

The estimated costs for Alternatives 3, 4, 7 and 8 are sensitive to variations in the size of
the area of attainment and the groundwater extraction flowrate. The sensitivity analysis
results indicate that of the five cost components analyzed, changes in the influent
concentrations (and the associated treatment costs) have the least overall impact on the
estimated costs. A change in the discount rate from 6 percent to 4 percent has the greatest
impact on the remediation costs. None of the alternatives are sensitive to a change in the
discount rate from 6 to 8 percent.
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5.0
COST-EFFECTIVENESS ANALYSIS

This cost-effectiveness analysis is not part of the detailed analysis of alternatives, but is
an ancillary evaluation that is used to provide a better understanding of the alternatives.
This section presents a general qualitative cost-effectiveness analysis of each of the
alternatives with respect to their benefit in achieving the remediation goals. Estimated
costs for each remedial alternative and Target Groundwater Cleanup Goal is developed in
Appendix L and is listed in Table 5-1 for this analysis. The description of Target

Groundwater Cleanup Goals is contained in Table 5-2.

In addition to the benefits resulting from achieving the cleanup goals., potential
disadvantages related to potential aquifer drawdown are also evaluated for each alternative.
Groundwater is an important Site resource for agricultural irrigation and as a water supply
for domestic and livestock uses. All of the alternatives. except the No Action Alternative.
withdraw groundwater from the aquifer and this may potentially have an adverse impact
on local groundwater uses by lowering the water table. The groundwater extraction rates
which were assumed for cost estimating purposes (Section 4) are listed in Table 5-3. The
potential disadvantage of aquifer drawdown is included in the cost-effectiveness
comparison of alternatives discussed in this section.

Logical cost-effectiveness comparisons of alternatives made to show the cost of an added
benefit are listed below and the evaluation is summarized in Table 5-4.

Comparison Evalnation

(]

Alternative 2 - Hydraulic Containment Cost increment to contain groundwater

to contaminant plume.

Alternative No Action

Focused Extraction Cost increment to extract and treat
to groundwater within the contaminant

Alternative 3 -

Alternative 2 - Hydraulic Containment

plume.

Alternative 4 -

Alternative 3 -

Focused Extraction and Soil Excavation
to
Focused Extraction

Cost increment and 1o extract and treat
contaminated soil in addition to
groundwater.
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l Comparison Evaluation l

Alternative 5 - Focused Extraction with Air Sparging Cost increment to treat volatiles- only
to contaminated groundwater using air
Alternative 3 - Focused Exiraction sparging.
Alternative 6 - Focused Extraction with Air Sparging Cost increment to extract and treat
and Soil Excavation contaminated soil in addition to
to groundwater.,
Alternative 5 - Focused Extraction with Air Sparging
Alternative 7 - Groundwater Extraction Cost increment to increase volume of
10 groundwater extracted and treated.
Alternative 3 - Focused Extraction
Alternative 8 -  Groundwater Extraction and Soil Cost increment to increase volume of
Excavation groundwater extracted and treated.
to

Ahernative 4 - Focused Exiraction and Soil Excavation

Alternative 1 is the No Action Alternative, with a total present worth cost of $11 million.
This cost is incurred through groundwater monitoring over the assumed 80-year project
life. No benefit in terms of overall protection of human health and the environment is
recognized by Alternative 1.

All of the other alternatives (Alternatives 2, 3, 4. 5, 6, 7 and 8) provide:

¢ Groundwater monitoring as in Alternative 1
* Potable water supplies for groundwater users within the contaminated areas

® Hydraulic containment of the contaminant plume through extraction wells and
treatment of groundwater

Thus all of these alternatives reduce exposure potential to contaminated groundwater by
providing potable water supplies and remove potential downgradient exposure by hydraulic
containment of the plume. The additional cost associated with this protection is $19 to
$24 million, depending on the selected Target Groundwater Cleanup Goal (I, 1. or III).
This additional cost is for Alternative 2 as compared to Aliernative 1, which also includes

the potable point-of-entry water supply treatment systems and the hvdraulic containment
and treatment systems for the groundwater.
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Alternative 3 adds groundwater extraction to Alternative 2 at an additional cost of $17 to
$22 million, depending on the Target Groundwater Cleanup Goal. This additional cost
is for the total present worth cost of installing and operating additional groundwater
extraction wells and expanding the pump and piping network and treatment system. The
benefit of Alternative 3 over Alternative 2 is that groundwater is remediated at a higher
rate in areas of higher RDX or TCE contamination. As shown in Table 5-1. Alternatives
1 and 2 have estimated restoration times of perpetuity because contaminated groundwater
is not extracted from within the plume. There is no groundwater extraction in Alternative
1 and groundwater is extracted and treated in Alternative 2 only at the leading edge of the
groundwater contaminant plumes. Continued leaching from soils, plus the time necessary
for migration through the plume, may require the Alternative 2 hydraulic containment
system to operate longer than can be estimated (i.e. perpetuity). Although the restoration
time period estimates do not provide a specific time estimate, the groundwater restoration
time is estimated to be greater than 140 years for Alternative 3. A disadvantage of
Alternative 3 compared to Alternative 2 is the potential aquifer drawdown caused by the
incremental increase in the groundwater extraction flowrate of 1.010 to 1,200 gpm
depending on the Target Groundwater Cleanup Goal.

Alternative 4 is similar to Alternative 3, except that contaminated soils are removed and
treated in Alternative 4 for an additional cost of $4 million. Treatment will be
accomplished at an on-site treatment facility mobilized for OUl. The additional
$4 million total present worth cost for excavation, transportation to the QU1 on-site soil
treatment system, operation of the system for the OU2 soils and transportation and
placement of the treated soil. No cost is incurred for equipment., permits, construction and
start-up of the treatment system because these cost are part of the OU1 remediation. The
benefit of Alternative 4 is the reduced potential for leaching of contaminants from soils
that cause Target Groundwater Cleanup Goals to be exceeded. Since leaching is reduced,

the estimated restoration time can be estimated to be approximately 140 years.

Alternative 5 is similar to Alternative 3 except that air sparging is added at locations where
only wvolatile contaminants need to be removed from groundwater to meet Target
Groundwater Cleanup Goals. The air sparging system reduces both the number of
groundwater extraction wells and the volume of groundwater treated. This results in reduced

total present worth costs for groundwater extraction and treatment. however capital and
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Q&M costs are incurred for installation and operation of the air sparging system. The net
cost increase from Alternative 3 to Alternative 5 is $18 to $21 million in total present worth
cost. depending on the Target Groundwater Cleanup Goal. Alternative 5 treats some of the
groundwater by air sparging instead of extraction and also includes above ground treatment.
but at additional cost. There may be a reduction in restoration time if the volatiles-only
portion of the groundwater contaminant plume achieves the Target Groundwater Cleanup
Goals sooner via air sparging than by extraction, but because this reduction is not certain,
the reduction in restoration time cannot be estimated. Restoration time for Alternative 3 is
estimated to be greater than 140 years and restoration time for Alternative 5 is estimated to
be greater than 110 years. However, because a statement cannot be made that the restoration
time for Alternative 5 is less than 140 years. there is no apparent restoration time benefit for
Alternative 5 over Alternative 3. Alternative 5 does have a benefit of a smaller extracted
groundwater flowrate compared to Alternative 3, of 530 gpm.

Alternative 6 adds soil excavation and treatment to Alternative 5 for an additional total
present worth cost of $4 to $5 million. As was the case for Altemative 4, the cost for soils
is the capital and present worth O&M costs of excavation. transportation, treatment using
the OU1 soils treatment system and replacement of treated soil. The additional benefit of
Alternative 6 is that groundwater restoration time may be reduced by reducing the potential
leaching of explosives from soils that cause Target Groundwater Cleanup Goals to be
exceeded. Because leaching of contaminants from soils is reduced, restoration time is
estimated to be approximately 110 years.

Alternative 7 is similar to Alternative 3. except that the groundwater extraction system 1is
expanded. The cost increase compared to Alternative 3 includes the total and present worth
costs for installation and operation of additional groundwater extraction wells, expansion of
the pump and piping network and expansion of the groundwater treatment system. Because
of the size and location of the groundwater contaminant plumes are unchanged. there is no
significant difference in cost estimates between Alternative 3 and Alternative 7 for Target
Groundwater Cleanup Goal 1. and the additional cost is $5 to $9 million for the Target
Groundwater Cleanup Goal II and III. respectively. Therefore. there is no clear benefit for
Ahernative 7 over Alternative 3. In theory. Alternative 7 should reach Target Groundwater
Cleanup Goals in a shorter time period than Alternalive 3 because groundwater is extracted
and treated at a higher rate than for Alternative 3. However, because leaching of
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contaminants from soil into the groundwater is still occurring, a quantitative estimate of
restoration time cannot be made. Restoration time for Alternative 7 is estimated to be
greater than 90 years, but because a statement cannot be made that restoration time is less
than an estimated number of years. Alternative 7 offers no additional benefit over
Alternatives 3. 4, 5 or 6. Alternative 7 compared to- Alternative 3 also has a disadvantage
of higher groundwater extraction flowrates and thus a greater potential for aquifer drawdown.
Compared to Alternative 3, the increase in aquifer drawdown is 510 to 1.380 gpm for
Alternative 7, depending on the Target Groundwater Cleanup Goal.

Alternative 8 is Alternative 7 plus removal and treatment of soils, which is the same as
Alternative 4 with expanded groundwater extraction. Compared to Alternative 4. the cost
increase for Alternative 8 is for total present worth cost for installation and operation of
additional wells and expansion of the pump and piping network and the groundwater
treatment system. Because of the size and location of the groundwater contaminant plumes
are unchanged, there is no significant cost difference between Alternatives 4 and 8 for
Target Groundwater Cleanup Goal 1, and the additional cost is $5 to $10 million for the
Target Groundwater Cleanup Goals II and III. respectively. Soil excavation and treatment
reduces the potential leaching of explosives into the groundwater that cause groundwater to
exceed Target Groundwater Cleanup Goals, which in turn allows an estimated restoration
time to be calculated for Alternative 8. The added benefit for Alternative 8 is that the
estimated restoration time is reduced from 140 years for Alternative 4 to 90 years for
Alternative 8. A disadvantage of Alterpative 8 compared to Alternative 4 is a higher
potential aquifer drawdown because of a higher groundwater extraction flowrate. Compared
to Alternative 4. the increase in groundwater extraction rate for Aliernative 8 is 510 1o
1.380 gpm depending on the Target Groundwater Cleanup Goal.

A quantitative estimate of restoration time can be made only for Alternatives 4. 6. and 8.
which employ soil excavation. While there are benefits added by all of the other
alternatives, it is difficult to quantify cost-effectiveness for alternatives other than
Alternatives 4, 6, and 8. Alternative 4 may possibly be more cost-effective than
Alternative 3 because restoration time can be estimated for Alternative 4. For Alternatives 4.
6. and 8. comparative summary for these three alternatives with respect to the estimated
restoration time. total present worth cost, and groundwater extraction flowraie and resultant
aquifer drawdown is listed below:
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6.0
ADDITIONAL DATA NEEDS FOR REMEDIAL DESIGN/REMEDIAL ACTION

Additional data will be required prior to implementing any remedial action. Currently, two
pumping tests are being conducted to evaluate aquifer response to pumping at the Site. Refer
to Section 1.3.4 for a discussion of the pumping tests. Aquifer response data are necessary
to design Alternatives 2 through 8. Groundwater modeling may be required prior to design
to assess the relationship between groundwater extraction associated with Alternatives 2

through 8 and agricultural irrigation.

Bench scale treatability studies are currently being conducted to evaluate the potential
feasibility of GAC or AOP to treat the Site groundwater. As discussed in Section 1.3.5,
GAC or AQP pilot-scale studies may also be necessary if one of those two process options

are selected as the means of groundwater treatment.

In the event that either Alternative 5 or 6 is selected, a field demonstration of air sparging
would be required to evaluate system parameters. These parameters may include, but are not
limited to: injection well parameters, vapor extraction well placement, and required system

vacuum.

The additional data can be gathered concurrently with preliminary design activities in a
Remedial Design Investigation program. The data collection program should be scoped by
the design team to maximize the benefit obtained from the additional information. Other
preliminary design activities required prior to preparation of remedial design plans and
specifications include: completion of Design Requirement Checklists, preparation of a

Project Management Plan, and development of the Basis of Design document.

Design Requirement Checklists ensure preparation of a design that meets all the requirements
of the project and consist of a series of questions to be answered prior to proceeding with the
design. The checklists are to assess the project needs relative to the system to be designed.
For example. any applicable standard specifications are listed. The need for access roads or
other site modifications are discussed and factored into the design for the remedial action.

Preferred safety factors are discussed with the format for presenting design calculations.

E 930302 FSYIACE 052395 6-1

BO7NE003702-09032



BO7NE003702-09033



7.0
REFERENCES

Canonie Environmental Services Corp. (Canonie} 1992. Telephone conversation with
Smith, S., May 13.

Chemical Waste Management, Inc. 1992a. Telephone conversation with Giese, R.. May.

Chemical Waste Management. Inc. 1992b. Telephone conversation with Swanstrom, C..
May 1.

Chemical Waste Management, Inc. 1992¢. Telephone conversation with Briggs, T. July
15.

Driscoil. F.G. 1986. Groundwater and Wells. Johnson Division. Si. Paul, Minnesota.

Environmental Science and Engineering (ESE). 1983. Archives Search Response for the
Former Nebraska Plant, Saunders County, Nebraska. Report No. A017. Submitted to
the U.S. Army Toxic and Hazardous Materials Agency, Assessment Division
(USATHMA). July.

Federal Register. 1990. National Qil and Hazardous Substances Pollution Contingency Plan
(NCP). Title 40, Part 300.

Geosafe. Inc. 1992. Telephone conversation with Hansen, 3. April 30.

International Technology Corporation (IT). 1987a. Test Burn Results for the "HTTS"
System_at the Cornhusker Armv_Ammunition Plant. Grand Island, Nebraska.

International Technology Corporation (IT). 1987b. Interim Response Action Feasibility
Study, Area P Lagoons, louisiana Army Ammunition Plant (LAAP). Final Report.
Prepared for the U.S. Army Toxic and Hazardous Materials Agency (USATHAMA).

International Technology Corporation (IT). 1989. Report for the Performance Test. "HTTS"
Svstem at the Louisiana Army Ammunition Plant. Contract No. DACA45-87-C10103.

Isbister. J.D.. Doyle. R.C.. and Kitchens, J.LF. 1982. Engineering and Development Support
of General_Decontamination Technology for the U.S. Army’s Installation Restoration
Program. Task 11: Composting of Explosives. Atlantic Research Corporation.

E 2302 F§2 ACE 0572045 7-1

BO7NE003702-09034



Javandel, I. and Tsang. 1986. Capture-Zone Type Curves: A Tool for Aquifer Cleanup.
Ground Water. Vol. 24, No. 5. pp. 616-625.

Keely. LF. and Tsang, C.F. 1983. "Velocity Plots and Capture Zones of Pumping Centers
for Groundwater Investigations.” Journai of Groundwater. Nov-Dec.

Law Environmental. Inc. 1990. Soil Gas Survey Report for Nebraska Ordnance Plant.
Saunders County. Nebraska. Prepared for the U.S. Army Engineer District. Kansas
City. February.

Midwest Research Institute (MRI). 1993, Results of Explosives Analvses for the Off-Site
Well Sampling (Operable Unit No. 2) {Groundwater} at the former Nebraska Ordnance
Plant Mead, Nebraska. Subcontract 92KW031-1B. Addendum No. § Dated May 6.
1992. MRI Project No. 3100-A(06). December.

Midwest Research Institute (MRI). 1994a. Results of Explosives Analvses for the Off-Site
Well Sampling (Operable Unit No. 2) (Groundwater) at the former Nebraska Ordnance
Plant Mead, Nebraska. Subcontract 92KW031-1B. Addendum No. 5 Dated May 6.
1992. MRI Project No. 3100-A(06). January.

Midwest Research Institute (MRI). 1994b. Results of Explosives Analyses for the Off-Site
Well Sampling (Operable Unit No. 2) {Groundwater) at the former Nebraska Ordnance
Plant Mead. Nebraska. Subcontract 92KW031-1B. Addendum No. 5§ Dated May 6,
1992, MRI Project No. 3100-A(06). March.

Midwest Research Institute (MRI). 1994¢. Results of Explosives Analvses for the Off-Site
Well Sampling (Operable Unit No. 2) (Groundwater) at the former Nebraska Ordnance
Plant Mead, Nebraska. Subcontract 92KW031-1B. Addendum No. 5 Dated May 6.
1992. MRI Project No. 3100-A(06). June.

Midwest Research Institute (MRI). 1994d. Results of Explosives Analyses for the Off-Site
Well Sampling (Operable Unit No. 2) (Groundwater) at the former Nebraska Ordnance
Plant Mead, Nebraska. Subcontract 92KW031-1B. Addendum No. 5 Dated May 6,
1992. MRI Project No. 3100-A(06). September.

Roy F. Weston, Inc. 1988. Task Order 8--Field Demonstration-Composting of Explosives
Contaminated Sediments at the Louisiana Army Ammunition Plant. USATHAMA,

Report No. AMXTH-IR-TE-88242,

Roy F. Weston, Inc. 1989a.  Task Order 12--Ficld Demonstration-Composting of

Propeliants  Contaminated Sediments at the Badger Army Ammunition Plant
USATHAMA., Report No. CETHA-TE-CR-89061.

E QU3GO FSYACE 182208 7-2

BO7NE003702-09035



Roy F. Weston, Inc. 1989b. Composting of Explosive-Contaminated Soil Technology.
USATHAMA. Report No. CETHA-TE-CR-90027.

Rov F. Weston. Inc. 1991. Optimization of Composting for Explosives-Contaminated Soil.
USATHAMA. Report No. CETHA-TS-CR-91053.

RUST. 1994a. Remedial Alternative Feasibility Study, Operable Unit 1. Former Nebraska
Ordnance Plant, Mead, Nebraska. Draft Final Feasibility Report. Contract DACW

41-90-D-0009. Prepared for U.S. Army Corps of Engineers, Kansas City District,
Kansas City. Missouri. March.

RUST. 1994b. Remedial Alternatives Feasibility Study,  Operable Unit 1, Former Nebraska
Ordnance Plant. Mead, Nebraska. Draft Final Proposed Plan. Prepared for the U.S.
Army Corps of Engineers. Kansas City District. May.

RUST. 1994¢c. QU2 Soil Volumes and Concentrations, Former Nebraska Ordnance Plant.
Memo from Chandler Taylor to U.S. Army Corps of Engineers. May 27.

SEC. Donohue, 1992, Supplemental Remedial Investigation Draft Final Report.
Supplemental RI/FS_Former Nebraska Ordnance Plant Operabie Unit 1, Mead.
Nebraska. Draft Final. Prepared for U.S. Army Corps of Engineers, Kansas City
District. September.,

SEC Donohue. 1993, DBaseline Risk Assessment Supplemental RI/FS Former Nebraska

Ordnance Plant Operable Unit No. 1. Mead, Nebraska. Prepared for U.S. Army Corps
of Engineers, Kansas City District. February.

Treatek. Inc. 1992. Telephone conversation with Ying, T. April 24.

Twin City Testing Corp. (TCT). St. Louwis, Missouri. 1991. Engineering Report,

Preliminary_Assessment of Ordnance Contamination_at the Former Nebraska Ordnance
Plant, Mead. Nebraska. Final. Prepared for U.S. Army Corps of Engineers, Huntsville

Division. Huntsville, Alabama. April.

U.S8. Army Corps of Engineers. Kansas City District (USACE). 1989, Confirmation Siudy.
Report with Appendices A and B. Former Nebraska Ordnance Plant, Mead. Nebraska.
Final. April.

U.S. Army Corps of Engineers, Kansas City District (USACE). 1991. Remedial
Investigation _Report with Appendixes A through ). Former Nebraska Ordnance
Plant. Mead. Nebraska, Operable Unit 1. Draft. May.

U.S. Army Engineer Waterways Experiment Station (WES). 1992, Telephone conversation
with Zappi, M. July 30,

E %2030 2 F52 ACE (1872294 7-3

BO7NE003702-09036



U.S. Army Environmental Center (USAEC). 1993. Technology Application Analysis:

Windrow Composting of Explosives Contaminated Soil at Umatilla Army Depot
Activity, Hemiston, Oregon. Draft. June.

U.S. Environmental Protection Agency (EPA). 1973. Process Design Manual for Carbon
Adsorption. Washington. D.C. .

U.S. Environmental Protection Agency {EPA). 1985. Remedial Action at Waste Disposal
Sites Handbook. EPA/600/9-50/006,

U.S. Environmental Protection Agency (EPA). 1987. Compendium of Technologies Used
in the Treatment of Hazardous Wastes. EPA/625/8-87/014.

U.S. Environmental Protection Agency (EPA). 1988a. CERCLA Compliance with Other
Laws Manual. OSWER Directive 9234.1-01. EPA/540/G89/006. Washington. D.C.
August. '

U.S. Environmental Protection Agency (EPA). 1988b. Guidance for Conducting Remedial
Investigations and Feasibility Studies Under CERCTL.A. EPA/540/6-89/004. October.

U.S. Environmental Protection Agency (EPA). 1988c. Technology Screening Guide for
Treatment_of CERCIL A Soils and Siudges. EPA/540/2-88/004.

U.S. Environmental Protection Agency (EPA). 1989a. Exposure Factors Handbook.
EPA/600/8-89/043. Washington, D.C. May.

U.S. Environmental Protection Agency (EPA). 1989b. Risk Assessment Guidance for
Superfund, Volume I, Human Health FEvaluation, Part A (Interim _ Final).
EPA/540/1-89/002. December.

U.S. Environmental Protection Agency (EPA). 1989¢c. Guide to Treatment Technologies
for Hazardous Wastes at Superfund Sites. EPA 540/2-89/52.

U.S. Environmental Protection Agency (EPA). 1991a. Health Effects Assessment Summary
Tables. QERR 9200.6-303 (9-1) January.

U.S. Environmental Protection Agency (EPA}). 1991b. Standard Default Exposure Factors.
OSWER Directive 9285.6-03.

LULS. Environmental Protection Agency (EPA). 1991c. Supplemental Region IV Risk
Assessment Guidance. March 26.

LS. Environmental Protection Agency (EPA). 1991d. Office of Solid Waste and
Emergency Response (OSWER) Directive 9355.0-30. April 22.

E 920302 FSI ACE  ns229s 7-4

BO7NE003702-09037



U.S. Environmental Protection Agency (EPA). 199le. Design and Construction of
RCRA/CERCLA Final Cover. EPA/6254-91/025. May.

U.S. Environmental Protection Agency (EPA). 1991f Risk Assessment Guidance for

Superfund. Volume 1. Human Health Evaluation, Part B. (RAGS: Part B). Interim
OSWER Directive 9285.7-01B. December.

11.S. Environmental Protection Agency (EPA). 1991g. Region VII; Nebraska Department
of Environmental Control and U.S. Department of the Army. Interagency Agreement

under CERCLA Section 120: In the Matter of the U.§. Department of the Army.
Former Nebraska Ordnance Plant, Mead, Nebraska.

U.S. Environmental Protection Agency (EPA). 1992a. Dermal Exposure Assessment:
Principles and Application. Washington, D.C. January.

U.S. Environmental Protection Agency (EPA). 1992b. Defense Environmental Restoration

Program Proposed Plan: Umatilla Depot_Activity Explosives Washout I agoons Soils
Operable Unit. USEPA, U.S. Army and Oregon Department of Environmental Quality.

U.S. Environmental Protection Agency (EPA). 1994, Drinking Water Regulations and
Health Advisories. Washington, D.C. May.

Woodward-Clyde Consultants (WCC). 1992a. Project Work Plan for Former Nebragka

Ordnance Plant, Remedial Investigation Operable Unit No. 2 (Groundwater), Mead,
Nebraska. Draft final. Contract No. DACA-41-92-C-0023. Prepared for U.S. Army

Corps of Engineers, Kansas City District. May.

Woodward-Clyde Consultants (WCC). 1992b. Feasibility Study Work Plan for Former

Nebraska Ordnance Plant. Operable Unit No. 2 (Groundwater) Mead, Nebraska,
DACA-41-92-C-0023. Prepared for the U.S. Army Corps of Engineers, Kansas City

District.  July.

Woodward-Clyde Consultants (WCC). 1993a. Remedial Action Objectives/Initial Screening
of Alternatives Operable Unit No. 2 {(Groundwater) Former Nebraska Ordnance Plant.
Mead, Nebraska. Draft. Prepared for U.S. Army Corps of Engineers, Kansas City
District. March.

Woodward-Clyde Consultants (WCC). 1993b. Quarterly Groundwater Sampling Report_for
Former Nebraska Ordnance Plant, Mead, Nebraska, DACA 41-92-C-0023. Draft.
Prepared for the U.S. Army Corps of Engineers, Kansas City District. April

Woodward-Clyde Consultants (WCC). 1993¢. Remedial Investigation Report Operable Unit
No. 2 {Groundwater)} for Former Nebraska Ordnance Plant, Mead, Nebraska. Draft
Final. Prepared for U.S. Army Corps of Engineers, Kansas City District. May.

E W32 FS? ACE 057208 7-5

BO7NE003702-09038



Woodward-Clyde Consultants (WCC). 1993d. February/March/April 1993 OQuarterly
Groundwater Sampling Report. Prepared for the U.S. Army Corps of Engineers.
Kansas City District. July

Woodward-Clyde Consultants (WCC). 1993e. May/June 1993 Quarterly Groundwater
Sampling Report. Prepared for the U.S. Army Corps of Engineers, Kansas City
District. September.

Woodward-Clyde Consultants (WCC). 1993f. Additional Field Investigation Operable Unit
No. 2 (Groundwater) for Former Nebraska Ordnance Plant, Mead. Nebraska, DACA
41-92-C-0023. Draft Technical Memorandum. Prepared for the U.S. Army Corps of
Engineers. Kansas City District. October.

Woodward-Clyde Consultants (WCC). 1993g. Data Validation Report for December 1994
Off-Site Well Sampling Mead, Nebraska. Contract No. DACA 41-92-C-0023.
Prepared for U.S. Army Corps of Engineers. Kansas City District. December.

Woodward-Clyde Consultants (WCC). 1994a. Data Validation Report for January 1994
Off-Site Well Sampling Mead. Nebraska. Contract No. DACA 41-92-C-0023,
Prepared for U.S. Army Corps of Engineers, Kansas City District. January.

Woodward-Clyde Consultants (WCC). 1994b. Data Validation Report for March 1994 Off-
Site Well Sampling Mead, Nebraska. Contract No. DACA 41-92-C-0023. Prepared
for U.S. Army Corps of Engineers, Kansas City District. March.

Woodward-Clyde Consultants (WCC). 1994c. Baseline Risk Assessment, Operable Unit
No. 2 (Groundwater) for Former Nebraska Ordnance Plant, mead. Nebraska, Final.
Prepared for the U.S. Army Corps of Engineers, Kansas City District. September.

Woodward-Clyde Consultants (WCC). 1994d. Data Validation Report for June 1994 Off-
Site_Well Sampling Mead. Nebraska. Contract No. DACA 41-92-C-0023. Prepared
for U.S. Army Corps of Engineers, Kansas City District. June.

Woodward-Clyde Consultants (WCC). 1994e. Chemical Data Acquisition Plan for Former
Nebraska _Ordnance Plant Groundwater Treatability Study Operable Unit No, 2
(Groundwater), DACA 41-92-C-0023. Draft. Prepared for the U.S. Army Corps of
Engineers. Kansas City District. September.

Woodward-Clyde Consultants (WCC). 1994f. Telephone conversation with Jerry Obrist
and Nick McElvain of the Lincoln Water System. August 8.

E QX3 2FRIACE N5 2295 7-6

BO7NE003702-09039



Woodward-Clyde Consultants (WCC). 1994g. Groundwater Treatability Study Work Plan
for Former Nebraska Ordnance Plant, Operable Unit No. 2 (Groundwater
DACA 41-92-C-0023. Draft. Prepared for the U.S. Army Corps of Engineers, Kansas
City District. September.

Woodward-Clyde Consultants (WCC). 1994h. Soil Vapor Extraction Pilot Studv Work
Plan For Former Nebraska Ordnance Plant Operable Unit No. 2 (Groundwater)
DACA 41-92-C-0023. Draft. Prepared for the U.S. Army Corps of Engineers, Kansas
City District. September.

Woodward-Clvde Consultants (WCC). 1994i. Data Validation Report for September 1994
Off-Site Well Sampling Mead, Nebraska. Contract No. DACA 41-92-C-0023.
Prepared for U.S. Army Corps of Engineers, Kansas City District. September,

Woodward-Clyde Consultants (WCC). 1994;. Removal Action Groundwater Modeling,
Operable Unit No. 2 (Groundwater). Contract No. DACA41-92-C-0023. Prepared for
U.S. Army Corps of Engineers, Kansas City District. May.

Woodward-Clyde Consultants (WCC). 1995a. Engineering Evaluation Cost Analysis for
Operable Unit No. 2 (Groundwater), Former Nebraska Ordnance Plant DACA-41-92-
C-0023. Draft Final. Prepared for U.S. Army Corps of Engineers. Kansas City
District. March.

Woodward-Clyde Consultants (WCC). 1995b. Pumping Test Workplan for Groundwater
Containment Removal Action. Operahle Unit No. 2. Former Nebraska Ordnance Plant,
Mead, Nebraska, DACA 41-92-C-0023. Draft Work Plan. Prepared for the U.S.
Army Corps of Engineers, Kansas City District. May.

Zappi, Mark. 1994. U.S. Army Corps of Engineers (USACE) Waterways Experiment
Station (WES). Personal Communication to Woodward-Clyde. May.

Zheng. C.. G.D. Bennett, and C.B. Andrews. 1991. Analysis of Ground-water Remedial
Alternatives  at _a  Superfund _ Site, Ground Water, Vol. 29 No. 6.
November-December.

E 92030 2 FS2 ACE 0577295 7-7

BO7NEO003702-09040



TABLES

BO7NE003702-09041



Target Compound List (TCL) VOCs

Chloromethane
Bromomethane

Vinyl Chloride
Chlorocthane
Methylene Chloride
Acetone

Carbon Disulfide
1,1-Dichdoroethene
1,1-Dichloroethane
¢is-1,2-Dichloroethene?
trans-1,2-Dichloroethene?
1,2-Dichloroethene (total)'
Chleroform
1,2-Dichloroethane
2-Butanone
Bromochloromethane
1,1, 1-Trichloroethane
Carbon Tetrachloride
Bromodichloromethane?
1,2-Dichloropropanc
cis-1,3-Dichloropropene

Notes:

TABLE 1-1

ANALYTICAL PARAMETERS

Trichloreethene
Dibromochloromethane
1.1,2-TFrichloroethane
Benzene
trans-1,3-Dichlocepropens
Bromoform
1,2-Dibromoecthane?
4-Methyl-2-Pentanone
2-Hexanone
Tetrachioroethene
Toluene
1.1,2.2-Tetrachlorocthane
Chlorobenzene
Ethylbenzenc

Styrene

Xylenes {Total)
1,2-Dibromo-3-chloropropane®
1,3-Dichlorobenzene?
1,4-Dichlorobenzene®
1,2-Dichlorobenzense’

! Net on compound list for CLP-SOW (6-921) method for low fevel analysis.
? Not un compuund list for CLP-SOW (3-90)-REVS for high kevel analysis.
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TABLE 1-1

ANALYTICAL PARAMETERS
{Continued)

Target Compound List (TCL) SVOCs

Phenol
Bis(2-chloroethyl)ether
2-chlorophenol
1,3-dichlosobenzene
1.4-dichlorobenzene
1,2-dichlorobenzene
2-methylphenol
2,2"-pxybis{1-chloropropane)
4-methylphenol
N-nitrosodi-n-propylamine
Hexachloroethane
Nitrobenzens

Isophoronc

2-nitrophenol
2,4-dimethylphenol
bis(2-chloroethoxy)methane
2. 4-dichlorophenol

1,2, 4-trichlorobenzene
Naphthalene
4-chloroaniline
Hexachlorobutadiens
4-chloro-3-methylphenol
2-methyknaphthalene
Hexachlorocyclopentadiene
2.4 6-irichlorophenol

E MM IOUZTAL-1 ACE  L2/1/9%4

2,4, 5-trichlorophenol
2-chloronaphthalene
2-nitroaniline
Dimethyphthalate
Acenaphthylene
2,6-dinitrotoluene
3-nitroaniline
Acenaphthene

2, 4-dinitrophenol
4-nitrophenol
Dibenzofuran

2. 4-dinitrotoluene
Diethylphthalate
4-chlorophenyl-phenylether
Fluorene

4-pitroaniline
4,6-dinitro-2-methylphenc)
N-aitrosodiptenylamine
4-bromophenyl-phenylether
Hexachlorobenzene
Pentachiorophenol
Phenanthrene

Anthracene

Carbazole
Di-n-butylphthdlate
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TABLE 1-1

ANALYTICAL PARAMETERS

Target Compound List (TCL) SVOCs
{Continued)

Fluoranthene

Pyrene
Benzylbutylphthalase
3,3-dichlorobenzidine
Benzo{a)anthracene
Chrysene
bis{2-ethyihexyl)phthalate

Target Compound List (TCL) Pesticides/PCB

a-BHC

B-BHC

3-BHC

+4-BHC (Lindane)
Heptachlor

Aldrin

Heptachlor epoxide
Endosulfan I
Dicldrin
4,4’-DDE

Endrin
Endosulfan II
4,.4’-DDD
Endosulfan sulfate
4.4'-DDT

ENSIDINTOUITAL-L ACE  12/1/%4

{Continued)

Di-n-octylphthalate
Benzo(b)fluoranthene
Benzo(k)fluoranthene
Benzo(a)pyrene
Indeno(t,2,3-cd)pyrene
Dibenzo(a, h)anthracene
Benzo{ghijperylene

Methoxychlor
Endrin ketone
Endrin akdehyde
a-Chlordane
~+¥-Chlordane
Toxaphene
Arcclor 1016
Aroclor 1221
Aroclor 1232
Aroclor 1242
Aroclor 1248
Aroclor 1254
Aroclor 1260
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TABLE 1-1

ANALYTICAL PARAMETERS
{Continued)

Inorganic Target Analyte List (TAL)
Aluminum Magnesium
Antimony Manganese
Arsenic Mercury
Barium Nickel
Beryllium Potassium
Cadmium Selenium
Cakcium Silver
Chromium Sodium
Cobal Thallium
Copper Vanadium
Iron Zinc
Lead Cyanide

Explosive Compounds

Octahydro-1,3,5,7-tetranitro-1,3,5, 7-tetrazocine (HMX)
Hexahydro-1,3,5-trinitro-1,3,5-triazine (RDX)
1,3,5-trinitrobenzene {TNB)

1,3-dinitrobenzene (DNB)
Methyl-2,4,6-trinitro-phenylnitramine (tetryl)
Nitrobenzene (NB)

EAN20MAMOUZTAL- 1 ACE 12144

2.4,6-trinitrotoluene (TNT)
2,4-dinitrotoluene (2,4-DNT)
2,6-dinitrotolnene {2,6-DNT)
o-nitrotoluene

m-nitrotoluene
p-nitrotoluens
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TABLE 1-1

ANALYTICAL PARAMETERS

{Continued}
General Water Quality Parameters (WQL) Soil Gas/Water Headspace Analytes
Total Suspended Selids (TSS) BTEX:
Total Dissolved Solids (TDS) Henzene
Alkalinity Toluene
Hardness Ethylbenzene
BOD, Xylenes (total)
NQ,/NO, (as Nitrogen) 1,2-dichlorocthane (total)
Total Hydrocarbons (THCs):

General Water Quality Parameters (WQ2) Diesel
Total Organic Haides (TOX) Chlorinated Hydrocarbons (ClHs):
Total Chlorides Tetrachloroethene

o Trichloroethene

Total Organic Carbon (TOC)

Total Kjeldahl Nitrogen (TKN)
Total microbial coumnt

Oxidation Reduction Potential (ORF)
Dissolved Oxygen {DO)

Total Sulfates

1,1,1-richlorocthane
1,1,2-rrichloroethane
1,1-dichlorcethane
1,2-dichloroethane

Radioactivity

Gross alpha
Gross beta

EASIOMAIYWOUZTAL- 1 ACE 1240

Sheet Sof 5

BO7NEO003702-09046



TABLE 1-2
SUMMARY OF SOIL GAS DATA (RESULTS IN ug/L)

_
Analyte Arch Nogaber of :::eh;;:: Misimam | M5 de C Mitdisn| Standerd Devistben
J10-Tricklororthame (1,1,1-TCA} A ninistration b6 ] 05 (%] &5 &5 -
Losd Lines 130 2 &1 0.7 44 ¢4 03
+.l-meuwmuu (1.1-DCA) Admininistration 66 I 02 02 02 0z ;
Land Lines 130 0 . ; . ] )
eirachlorseibene (FCE) | Administestion 66 [ 0.01 027 0.1 0075 a1
Load Lines 130 3 .01 0.2 [ A ] 006 a1
QToluene Adminigtyation (2] 1 i} 02 02 a2 -
Losd Lines 110 3 9.2 335 [ g2 13
QT richiorosshenrs (TCE) | Administration &6 12 002 i 46 Q105 m
Losd Lines 219 47 0.0] 707 1 )2t 14
eis- 1,2 Dichloroeihene (1. 2-DCE) | Administration 6 2 el o4 a3 025 02
Lowd LI-DES 130 ? 1 1.7 (%] 5.3 o5

Motes:

Resuhs ar indicwed in pupd..

is not

NAFSASMHLGAS XLS 12/15

For complete data, refier o OUT Remmedial Investigation Repont (WCC. 1993¢)

I
2. .
3. Duta qualificrs sod questitation limits ae not inclsded. Refer o she OUZ Remedial Investigation Report {(WCC, 1993c)
4. e <k Icubnicd o oo R
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TABLE 1-3

SUMMARY OF OU2 GROUNDWATER MONITORING WELL SAMPLING RESULTS

Number of |

Detecied Concemraions (ugfl.i i 2}

n YsAWDATA XLS 17154

Dy i (12] Mi Maximum Average
45 5 148 Joq
108 155 3
5 187 120
$0¢ 112 [{E]|
Aug? [ 04 T
Povie? 15 7 51 7 1o
Felb/93 [} 8 32 200 13
Mayi93 13 14 12 w0l nn
1ﬂlrium Augh2 B 15 122 asd EIN
Mov/al 15 15 136 Ly 2%
Feby 15 15 1% L1 13
May/93 s 15 (i 1% e
Clcium Angral 15 15 13100 111000 63400
Movia2 15 1% 35300 1264000 65000
Fetvdd IH 15 44800 129000 63200
May/?) 15 15 42400 L5000 6645133
Iron Auglaz 15 4 1020 170 L3390
Movirz [E] a 1He 1650 1430
Fewol 15 ? 22 1510 B
May/93 1% L] m 1500 12395
Lend Augot 15 /] -
Nov/9} 15 [H] -
Fehd 15 o . . .
Muy /33 [+ i X4 24 x4
[Magnesivm Auglo2 15 15 9520 33900 iswe
MNow/92 L5 [E] FO400 ARG 15500
Feh/9l 1] FH 1T 0700 16200
Muy/93 5] [} 10900 36400 1 5960
{Mangaacse Augl 13 [ 29 1610 T e
Nov/S2 15 13 23 458 135
Feivs) 15 12 12 Ntk 240
May23 15 [F] iz 1. dus 181 83
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TABLE 1-3

SUMMARY OF OU2 GROUNDWATER MONITORING WELL SAMPLING RESULTS

Nuenber of |

Deaccied Concantoation {ug/L) (2}

Minkmusm Maxumum Average
J 1T ]
Nov/S2 15 15 HT60 11900 D390
Fet93 &) 15 3580 12500 9220
May3 15 15 5070 13300 W62 6T
- Augr2 15 o - B P
Nov/a2 15 L] - . _
Felvo3 [T ' AT4 a4 474
- May#93. 15 o - - .
[Sodium Augl92 [} 15 11600 43200 21400
Nov/o2 5] 3] 1400 ARO00 200
Feb/a3 15 15 172500 41100 220000
Muy/93 [H] [H 13000 42600 2118667
Vanadium Aughz 1% 1 TE] Sl BT = T
2 a3
3 17
2 a9
T TTesr
701
£03

nUSRGWDATA XLS 121554

May/03 15 1 5T 687
|Assenic Aug/v2 15 ¥ 5 9E
Noviel 15 L ? H
Febv93 15 1z 32 4B
Moy 93 15 1 34 b

125

1220

12629
154
HE

Waz

Sheet 2ol 15
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TABLE 1-3

SUMMARY OF QU2 GROUNDWATER MONITORING WELL SAMPLING RESULTS

Humbesol | Detocted Concentrscions (gL} 12)
D wonk (1) Average
199
224
b
221 o7
Beryllium Augry? 15 ) . - .
Nov/2 15 o - - -
Feh/3 15 ] | | 1
Mwy/93 33 o - - -
Jcatcivm AugloZ 1§ 15 27100 $9600 59800
Nov/92 13 [F] 35100 1 23000 63400
Febi93 s 15 43000 127000 S4900
May/93 %5 15 41300 108000 62648 67
Cbromnium Augle? [} ) . . P
Moz 135 1 164 164 14
Feb93 15 4 63 352 s
May/93 15 [ . . _
Cobalt Avg/oz 15 [ - N B 7
MHov/2 15 1 2] 124 1zs
Fev93 15 1 127 127 Irr
May/93 15 0 - . B
FCopper Augoz 15 o - - .
Nov/92 15 1 M 4 24
Febd 15 2 4.6 165 (513
My 15 1 46 £33 Lk
lrom Augl92 15 1 54 1840 675
MNov/92 15 14 411 16100 1670
Fehioy L] 15 185 13400 1350
Muyi93 5.3 -3 47 1540 104 4
Lead Aver92 5 1 76 76 28
Nov/2 1% 4 3t 332 s
Feb/93 15 1 e wy i3
May/3 15 o - - R

AGGWDATA XLS 121/

Sheel 34 15
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TABLE 1-3

SUMMARY OF OU2 GROUNDWATER MONITORING WELL SAMPLING RESULTS

Number of Deiccied Concemrations (ug/LH2)
Average
2050 14300
Nov/92 15 15 10300 15900
Fetv9} 15 13 10700 4 St
May9) 1s 15 10300 14700 15153 1
Mangancse Ang92 Is Is k] 190 184
Now92 15 15 25 1] 196
Fetd93 15 14 [N 270 24
M3 15 12 X 651 189 98 )
Fhlercury Awg2 ISI 1] - - R
Now9?2 15 [ - . .
Febv93 15 1 033 033 011
May/o1 [E] a - - -
Mickel Auwg2 [E; [ it T wy T
Neovi2 15 | 4y 249 e
Feb93 15 2 156 101 ny
Mayr3d 15 o - . -
Potaxgium Augrr? 15 15 5280 10800 8330
Now9? 15 15 5170 11900 3910
Febv91 15 15 6110 FE800 2970
May/93 13 15 a0 12800 321467
gl 15 [] B - .
|5eleninm Nov2 15 1 33 38 238
Febv93 15 1 1] 51 53
Muy/93 15 L] - - -
JSodium e 15 15 10800 46700 20500
Nev/92 15 15 103060 45700 PAN L]
Fetvod 15 15 11500 0000 21500
May1 15 15 12000 41000 26286 67
S A T o - - =
How92 15 1 24 24 24
Fehw93 15 o - -
May/¥1 15 o - - .

nIBNGWDATA XL 124194

Sheer 4 00 15
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.SUMMARY OF OU2 GROUNDWATER MONITORING WELL SAMPLING RESULTS

TABLE 1-3

Sampling Detecled Concentrations (ygfl)(2)
Mlaniowvam Average
2 na 84
Now/52 i5 2 14938 517 2z
Feb™ 15 1 41 439 Mo
May 25 15 2 71 112 1413
14 i ) arr T T es
15 5 LR 134
7 52 65 139
13 43 26 1l 56
5 a3z 11 (1]
4 045 4 PRL]
Febr9} 128 5 ol 23 us7
May /3 i2a 4 043 24 156
AFI1 Jul93 a o - - -
2.4.6-Trinirowluene {TNT) Aug'y2 L2& 3 6% 20 1113
Nou/52 128 & o] H TIs
FebGd 124 7 01} 3 ¥12
May(93 128 4 0.53 35 12401
AFl Jub93 & o - . .
2.4-Dinigotoluene (24DNT) Aug/92 123 1 agr o097 097
Mool 128 2 ols 13 072
Fetv93 128 3 023 14 473
May/93 123 3 D24 19 U BL
AFL Julr93 L) [ - -
4-Mirotoluenc {INT) Augiol 128 ) . R N
Nov/%2 128 2 D.3% 04 a
Febw?d 128 1 092 a9z Doz
Muy/93 128 o . . .
AFl Jul/S3 L] ] -

nAEDGWDATA XLS 1219

Sheet Fof s
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TABLE 1-3

SUMMARY OF QU2 GROUNDWATER MONITORING WELL SAMPLING RESULTS

n AsARGWDRATA XLS 127194

KLy

Sampling Wumber of | tumber of Detocted Concentralions {pg/L b {2}

Evemi {1 12} | v WS (2) Maximum Averige
Augh2 b 3 a2 43 508
Nowi2 128 14 0082 54 475
Fetved 12 19 a a7 338
Wyl 128 17 on 57 43

AFL b3 5 a - - .

|rox AugT 128 [ 016 98 523
Navio2 120 % oo8 0 1
Febmi 124 I 7] 120 127
May 93 128 % 03 534 1612
AF1 I3 ] o - -
Teuryl Ang oz 1 0 - - -
Nowio2 122 1 51 51 51
Febvol 128 1 o8 o 0By

May 93 128 0 . N

AFL Jul%) L] o - -

512 325
an 14

15 324
[T 63
1732 a1
142 Lus
3159 1428
0 64

12 391

[ 1w

Shest tral 15
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TABLE 1-3

SUMMARY OF OU2 GROUNDWATER MONITORING WELL SAMPLING RESULTS

Sampling Number off Huoulny of Detectod Coneeniranons {pg/LHZ
Event (§} Desections (2} = e —
w92 a
Mov/o2 Q . .
Febi93 | . . |
May1 Is o i ) _
[Dicn-bury! phehalase 7Y R TR - — e _ o
Mol 15 0 . )
Febva 15 o i ) :
May/) 15 1 | . |
Dicthyt phuhetazs A2 5 = | e
Nowm2 15 2 . X .
Fobs 5 4 | , s
Mays81 1% 2 2 3 23
(N-Niugsodiphermy mine§ Awg/92 1% ] 1 i o
Nev/92 1% Q )
Febiod 15 a i ) :
May/3 15 a . i i
Fhrenel Awg92 s ry — -5
Novr92 15 o i ) i
o T - -
4 5 g 2
o - -
2 v oois 002
! G003k 0 0053 0003
¥ 00043 00057 6 005
Aldein Aug2 i o - - — 0
Movi2 1% 1 Hoon? o017 YOG
FebM3 [+ 1] _ .
May) 15 0 i

NI LA A X185 121594

Sheel Fol 15
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TABLE 1-2
SUMMARY OF OU2 GROUNDWATER MONITORING WELL SAMPLING RESULTS

Number of Detecied Concentrations {pgfly (2}
[\ jons {2) Mi Maximum Average
3 ool 0ol
1 00064 00064 |
1 00025 00025 D025
[l 00025 LY 0 06S
JAlphs-BHC Auge2 i 00024 eoize 17 ooops
Nows2 15 1 - - -
Fetwod 15 1 141 00018 00ME
May/#) 15 Q . , )
Delis BHC Augh9? 135 0 - - ST
Nowv/92 15 3 00023 0004 ooz
Feb3 15 0 . . .
May%3 5 1 00047 00017 oobIT
Dieldrin Aug92 15 [ 00033 T deonn |7 T oo
NovAi2 15 3 o2 00 vl
Fehvod 15 1 am? oar [ITTE]
May5a 15 1 0 0062 00062 0 U062
|Endrin AngrI2 15 [ - .
HovioT 15 1 00038 00038 0008
Febd9l 15 0 - - .
May/S3 15 0 . .
[Gamma chlordane Aug/2 15 2 00071 00075
Now/92 15 3 0002 00067
Felvd 15 3 00038 0079
May/9) 15 3 00027 (175
[Hepiachlor Augl 15 0 - . N
Novr2 15 3 00017 & 0089 G0t
Fetvo3 15 3 00012 00075 Qo048
Mayi93 5 1 0003 2001} Qo3

nENGWDATA XIS 12104
Shee1 Bof 15
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TABLE -3
SUMMARY OF OU2 GROUNDWATER MONITORING WELL SAMPLING RESULTS

Mumber af Mumber ol Detecied Concenttwtions {pg/1.) 12}
ples {2) | D ins (1) Mi Muximum Avetagr
13 a -
¥ 1] - -
5 1] - . .
1% 1 o008 LO0ER QublE
p.p'-Methoxychlor Ang/92 Is 1 0 00eR copez | T aou
I ol it b2 G
a . . .
a . -
H 1 z s
Now? 128 3 (1] ] 2 153
Fetvod 128 3 2 2 2
May93 128 2 z 2 2
AF] Julrdd & ¢ -
1. J-Dichkorcethsnc Angfi2 128 a
Nov/2 (¥ ] L - - -
Feb/o} 128 a - .
Mayro3 128 1 n 4 4
AFl hul?) B a -
1.2-Dichioroethane A2 128 a T "
Hova2 128 0 - -
FetvDd 128 1 45 03 as
May/93 128 ] - -
AFY Jul/sd 4 ] .
1.2-Dichdoroeihenet Todal ) Ang/92 20 9 | 10 za4
Novi92 16 9 I - 211
Feb'93 | T I 7 242
May/53 10 T | ¥ 27t
AFI Jule3 o - - -

niIWERATA X153 12154
Sheen Yol 14
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TABLE 1-3
SUMMARY OF OU2 GROUNDWATER MONITORING WEILL SAMPLING RESULTS

Sampling Number of Detecied Concentranoas {ppfh.) (2}
Evemil) D i) Maximum Avecage
& PR RS T i - — - -
1.2-Dichlosopiojac UL | pal 25 25
MNow/ed 1 19 19 '™
Fabv®d z 07 22 It
May/ ) 1 9 g 5
AF Juli9i 8 o -
1.4-Dicliborobunzine Augroz 128 o - .
Hov/92 1 ] 1 f |
‘Febv23 [F13 i . _
May/93 128 L] -
AF1 Jul93 8 o N
[2-Enstanone Aughr? 128 ) - -
Hovi92 1”2 1] - . _
Fenad 1”2 o - . ;
Mayiod [F: ] 2% ) m o6l
AF1 Jul®3 8 2 4 16 o
Acetnne Aug92 122 0] 3 Py e
Nov/2 128 2} 4 28 2u
Fetva3 128 3 2 12 5
Mayr33 128 1 1 2 700
AF] Julm3 3 1 5 s s
JCarbon diswlfide Aug/92 I3k 12 Yy ™ —t—5
Havie2 28 24 o5 4 127
Fetv92 [F 1] _ R A
Muy/93 128 0 B ) )
AF] Jul®3 $ & _ R
HCarbon dotrmchlonde Augle? 128 o - - -
Nov/ol [k o - _ _
Fet/93 128 1 1 i '
Muy 93 123 1] . .
AF JulX3 ] & R

8 s MGWDATA XIS 1271104

Sheet [0of |5
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TABLE 1-3
SUMMARY OF OU2 GROUNDWATER MONITORING WELL SAMPLING RESULTS

Samplng Humbes of ‘Mumber of Detacted Concestrations (ug/L) {2}
Evem {1 Samples (2) | Dy s (2) M Maxinven Average
(k13 % k] 24 Lo
128 6 .35 14 b 58
Feb/93 128 5 1 N B2
May/93 128 H 1 18 )
AFI Wl#23 B 0 - - N
(Cis-1,.2-Dichloroethene Aug/92 108 El 2 2 F]
Mov/92 112 4 a5 2 1462
Febv?3 107 4 as 5 249
Mmy /33 oA 4 [} 3 23 895
AF1 lali®) B L1} _
|Ethyibenzene Augil 178 ) . 1 B
MowS2 124 [} - -
Febvd I 3 1 1 1 1
May/3 128 o . . .
AFI Jubd3 ] 1 - . -
Meikyizne chlonde Augrol 128 117 03 43 137
Now/92 123 W [ 33 ERT
Feh/3 23 5 0s 35 M
May/ s 124 11? 03 &l0 T
AFI JubX s 3 3 2 3 25
Tetrachlorocthens Anghr2 128 1 3 B
Noviod 128 o . * .
FehM3 129 ] - R
May/23 128 a - -
AF[ Julo3 ) [ - - -
Toduene Aughoz 128 39 B3 3 150
Novl 128 3 45 (IR un
Feb’53 128 ] 06 (123 e
My} 128 P 45 5 (Y17
S QP V S N S S S B 2 s

BMRGWUATA XIS 121/
Shee 1) ol 13
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TABLE 1-3

SUMMARY OF OU2 GROUNDWATER MONITORING WELL SAMPLING RESULTS

Dietected Comcentrations (pg/L) (2}

Number of |

RUBDOWDATA XLS 1211094

Maximum Avernge
[Trichioroethens (TCE) 1800 128
300 148
128 2% o7 4300 127
128 ” 1 3900 190 34
5 a - - -
Aylenes (Totaly 128 o -
123 0 -
128 1 4 4 4
May/93 128 1 1 1 1
. 0 ) ] )
Adkalinity ay Cajrivm Carbonate: Augrod 18 a6 a 300 199
RNow/92 128 124 W Mo 19
Fei®3 136 126 s L14] 193
May3 128 128 " 30 200 34
AR Juki33 ] L] 1 30 1B1 75
|Bicchemical Oxygen Demand (BOD) Augro? 128 7 4 o 53
Mowrdl 123 17 12 7 601
Febv93 14 3 4l 13 91
May/93 128 1% 3 15 500
AF Jut®3 3 3 L] 31 10711
|Hardness a2 Calcinm Cacbonsis Aug/92 128 128 L &80 + T
Now/9Z 128 128 nz o400 3K
Fetwo3 126 128 130 730 252
Meys93 128 128 % 560 226 59
AF] Jul®3 § L] 97 450 2023
[Mitrate-Niarite-N Aug/az 128 0 063 860 T
Novie2 28 7% 03 500 b}
Fetv93 128 ¥} 034 a0 10y
Mwy/93 28 82 ¥ 80 ¥
AFL Jul?3 & 2 9.5 15 1235

Sheer 12 of B5
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TABLE 1-3
SUMMARY OF OUZ GROUNDWATER MONITORING WELL SAMPLING RESULTS

Sampling Numberaf | Nomberof | Detected Concontrations {pgf.) (2)
{2y ions (2) Maximum AvEREC
Totad Chiorides Aug9? L] B R
Wowrag q - - -
Ferrsy i3 14 3y 4 (LA
Mey93 13 14 k] a0 2544
AFE Jb9) o - - :
[Tl Dissolved Solida (TDS) Aughe2 i28 128 160 1900 425
Movied 12a 123 150 1800 387
Feh3 (7] 124 190 1800 97
May /03 124 123 166 106000 548 1)
AFT Ik ] 1 LHA 100 486 25
Tousl Kjckmhl Nitragen (FTKN} Augi? L - . .
Nov/92 o - -
Fetu93 18 7 011 1k a4s
May /53 12 5 01 037 038
AR Jubm3 Q -
[Toasd Microbisk Coun {ceblami) Augle2 L] - -
Mav/P2 ¢ - - .
Feh/a3 18 3 00 31000 22500
May/S3 g 7 530 63000 2800
AF1 Jul®3 Q - - -
Totad Organic Carbon (TOC) Augez L] - - T -
Ko L] - B -
Febv93 15 i 11 42 2
May/93 11 L] 12 T 298
AF1 Iul93 o - - A,
Totad Orgasic Halides (TOX) (ug/L) A2 a - - N
Mo/ 1] . - .
Febo3 1 [ )] 31 Thiny 242
Muy /33 % 13 45 AL 21264
AF Jul=3 a -

nSROWDATA XLS 1271454
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TABLE 1-3
SUMMARY OF QU2 GROUNDWATER MONITORING WELL SAMPLING RESULTS

Number of | Detected Concentrations (pgfL) (2}
Dy inns {2} Mini Maxému Averape
Aughz N
Mol 0 - . .
Febi93 11 [ 13 Toi Ay
May/93 T 17 4 0 &7
AFI Julv3 ° - - -
‘t1d Suspended Solds (TSS) Aug/2 122 [ s 2600 ur 7
Movi2 1% 62 [ 33 250
" Febv93 128 46 5 460 4.
May/93 128 49 5 e 15 4}
AFL ] 3 G3 o0 2467
Nov/92 - - -
Feh93 L8 id 013 44 208
a3 18 1] 4 99 (.11
m Nw’ g - - J— - — -
fOnidation Reduction Poteeind {mV) Angl2 [0 - - e
Now/S2 0 - - .
Fetv®3 I& "“ 175 208 670
May¥3 1] 1 44 213 T8 89
AR hi3 e - : .
Avg1 124 14 13 11 & 76
r“ Hov/92 108 e M 734 676
Feh®3 126 126 597 LF ] 575
May3 128 12E an 726 b65
AF] Jul®3 B B 506 ¥ 6 R4 )

NABMGWDATA XLS 1211594
et 14 0415
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TABLE 13

SUMMARY OF OU2 GROUNDWATER MONITORING WELL SAMPLING RESULTS

Number of | Detected Concentrations (kL) (2)
i Average
[Specific Conduciamce (wobos/cm) 451
432
Fetval 125 125 765 1498 %6
May 11t [p13 13 113.1) SH 9
AFL Iul%3 L] & ne 1106 48725
[Tempersture (Celsing) AvgL 173 113 9 w1 v
Nov/92 128 1% 98 141 ne
* Feb/93 126 126 73 132 El &
Mury /23 118 128 99 161 1204
AFL hal/3 i 1 ] 2 (P4} 1263

wWERGWRATA KL 121094

1. The aanapling events sccured during the following time periods
Aug/ - Apgust 1992 groundwastr sampling svet during e OU2 Reamcdial Invesugaion (WOC, 1993¢)

HNov/92 - 1992 g cvenl durmg the OU2 Remedinl nvestigation {WCC, 19930)
Fetw9} - Fmrymm:hmpnl 1993 mdy roundwaler sunpling tvent (WCC, H993d)

May/93 - 1993 g o pling svem (WCC 15430

AFI Jut®3 - Adduional Field 1 gALH d ng cvend in July 1993 {WCC, 19915)

2 mlwmdmwlewuﬂyud, mﬂuofﬁunrwlmplemmgleﬂednduulcuhlmns

Sheer 13wl 1S

BO7NE003702-09062



TABLE 1-4
SUMMARY OF WATER SUPFLY WELL SAMPLING RESULTS

Number of | MNusber of Deiocted Concentrations {pg/1 ) (2)
Samples (2} | Deactions (24 i Maximum Average

o1s 832 e
e1s o1s 017

1,3, 5-Trinitrebazsme |‘.T};lll]

47 04F

S D el o RO DN W

March/S4 QGW 10

ow KM= w0 b= o cle s SR DS =S D -

JuneSd QGW H - - -
Sepud QGW 1 1 1 1

{Miethylens chioride Dec/93 QUW 21 - -
March/H OGW, w - - .
Junc/d (W H 133 [T [ 13
Sepod OOW i} 2 2 2

Trichloracthene Dec OGW ] ] Fii] 20
March/o4 QGW 10 06 Qo 205 3
JunesSa QGW H| 4 Y] 411
Sep/od QGW 13

50 30 210

Nots | The samphag oyt ccousd dutiag e iofow g dile
Dac¥1 GGW  Dacrstlbir 15993 Wader Supply Well Samphog. Event (WO 19605 and 19940 L1 1963 and [04u)
MarchrSd QAW Marcs |49 Wit Sapply Wall Sampliig Evaw (WOC, 1999 3ad MRS 15a8]
Juna/ QGW e |94 Wit Sunply Woll Semmpling Bvam (WOC_ | 9944 wnd MRI 1994
Sopc ™ QUW Semrmber |94 Witsd Swppiy Woall Sespleng Evant (W T, | %9000 and WU | v34dy
I Winite 4 WO S ks SRMY ML, Pl of lhe Gngesal sl i -

nEINOFFSITE XAS 122094 12 22 P Shaek Lot |
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TABL.. 2-1A

POTENTIAL CONTAMINANT-SPECIFIC ARARs

Sta i Crit inidation
FEDERAL

Safe Drinking ¥Water Act

National Primary Drinking Water Standards

Mational Secomdary Drinking Water Standards

Maximum Contaminam! Level Goals (MCLGs)

Clean Waier Act

Arohient Warer Quality Critcria

National Polkutant Discharge Efimination System Permit
Regulations (NPDES)

Caidets Es
of Potlutants

blishing Test Procedures for the Analysis

E WOMRESTARTARE-| ACE 05112105

Ciiption

4 USC Sect. 300
40 CFR Part 141

40 CFR Part 143

PL No. 99-339
100 Sean. 642 (1986)

33 USC Sect. 1251-
e

40 CFR Part 131
Quality Crittria for
Water, 1976, 1980,
1986

40 CFR Fanis 122, 125

4G CFR 135.1-5 and
Appendices A-C

Description

Establishes maximum contaminant levels
{MCLsg) which arc healh-bascd standards
for public water sysiems. Establish action
levels for tead and copper.

Establishes secondary maximum
contaminant levels (SMCLs) which are
non-enforceable guidelines for public wawer
systems to ensure the aesthetic quality of
the water.

Establishes drinking water quality gozls set
at levels of no known or anticipated
wdverse health effects with an adequate
margin of safety.

Requires the states to set ambient water
quatity criteria (AWQC) for water quality
based on usc classifications and the critcria
developed under Section 304{a) of the
Clean Water Act.

Requires permits for the discharge of
pollutants from any point source into
waters of the United States.

Specific analyvical procedures for NPDES
applications and reports.

The MCLs For organic and inorganic
contaminanis and action levels may be
relevant and appropriate.  The lead action
level is exceeded if the concentration of
lead in more than 10 percent of ap water
collecied during any one montitoriog
period exceed 0.015 mg/L. The
exceedance of the copper action level is
evahiated in 2 similat manner,

SMCLs may be relevant and appropriate
if reated groundwater is wsed as a source
of drinking water.

MCLGs for organic and inorganic
coMaminams may be relevant and
appropriate if a more stringemt siandard is
required 10 prodect human health or the.
envitonment. The MCL is the controtling
ARAR.

May be relevant and appropriae if
contaminated or treated groundwater is
discharged to surface water during a
remedial action.

A permil is not required for on-site
CERCLA response actions, but the
substantive requirements would apply if
an atternative developed wonld discharge
inlo a creck or other surface water. A
permit would be required if the discharge
15 10 a creek ar surface water lncated off-
site.

Steet 1 of 2
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Standard, Requirement, Criterion, or Limitation

Underground Injection Control Regulations

Nattonal Pretreatment Standards

Clean Air Act

Title 1 - Hazardous Air Pollutanis

State

Nebraska Environmental Protection Act

‘Water Quality Siandards for Surface Waters of the State

Groundwater Quality Siardards and Use Classification

Nebraska Air Pollution Contral Rules and Regulatdons

EINHAFSTASITASE. L ACE 052145

TAB... 2-1A
(Continued)

Citatlon

40 CFR Pans 144-147

40 CFR Part 403

42 USC Sect, 7401-
Tadl

Not applicable
{proposed)

Chaprer 81

Tide 117
Tide 118

Title 129, Chaper 3

Title 129, Chapter 7

Titie 129, Chapter 6,

Section 002-007

POTENTIAL CONTAMINANT-SPECIFIC ARARs

ription

Provides (or protection of underground
sources of drinking water.

Sets standards o0 conirol poltuants which
pass through or mterfete wllh ireatment
pre d treatment
warks {POTW} or wh;ch may contaminate
sewage sludge.

ol

Comment

If an alternative developed would involve
undecground inpection, this part is
applicable.

If an aliemmative developed involves
discharge w publicly-owned treapments
waorks, these standards would be
applicable.

Maximum achievable control 2y

Schedule for proposal of regulation lists

(MACT) emission controls required for
remediation sites emilting one of the 189
listed Hazardous Air Pollutants.

Establishes suaie’s policy on environmental
conirof.

Establishes environmenal guality standards
for the surface waters of the ste.

Establishes standards and use classifications
for grovndwares sources of drinking water.

Establishes State prirary and secondary
ambient air quality standards for particutare
matter {< = 10 um and

> o= 10 pmi< = 104 pm), sulfur
dioxide, nitrogen dioxide, carbon
monoxide, ozone, and lead.

Adopis 40 CFR 52 regarding Prevemtion of
Significant Dererioration of Air Quality.

Establishes criteria for ohizining a permit
10 construet a source of potential toxic
emissions.

November 15, 2000. Assuming | year 1o
promulgate and 3 years to implement,
regulations would be enforceable in 2004,

May he applicable if contaminared
groundwater is discharged invo a surface

water body.

Mebraska MCLs are applicable if they are
more stringemt than any of the federal
ARARs.

May be apphi:able if contaminants exceed
threshoild quartities.

Sheet 2 of 2
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Stupdard, Requirement, Critevion, or Limilation

FEDERAL
Solid Waste Disposal Act {SWDA)
Guidclines For the Land Disprsal of Solid Wasies

TABLE 2-1B

POTENTIAL ACTION-SPECIFIC ARARs

Citation

42 USC Section 69016987
40 CFR Pant 2471.100-213

Description

Establish uni tevels of perfi

solid waste landfill.

< for
the design, construction and operation of any

Comment

Criterta for Classification of Solid Waste Disposal 40 CFR. Pant 257 Establishes criteria for use in detenmining Only if an aliemative developed would
Eacilities and Practices which solid waste disposal Eacilities and involve the land disposal of solid waste
practices pose a reasonable probability of would this parl be applicable.
adverse ¢ffects on health, and thereby
constitute prohibited open dumps.
Criteria for Hazardous Waste Landfills 40 CFR Pant 267 Establish i tional dards that R dées shoatld be consistent with the

bl of h d more gent Part 264 dards as these
represent the whimate RCRA compliance
standards and are consisten! with
CERCLAs goul of long-term protection
of public health snd welfare and dhe
environment,

define P B
waste for new land disposal facilities.

Establi mirimum 1 criteria for
municipal solid waste landfilts, including
location, design. operation, monitoring, and
closure.

40 CFR Part 258.1-61

Criteria for Municipal Solid Wasie Landfills

USC Section 6901
40 CFR Part 260

Resource Conservation and Recovery Act (RCRA)

Hazard May be applicable if a substance at the
Site was to he from the Yist of hazardous

WASTES.

Establishes procedire and criteria for
modification or revocation of any provision in
40 CFR Parts 260-265.

Defines those solid wastes which are subject to
regulation as hazardeus wastes under 40 CFR
Parts 263-265 and Parts 124, 270, and 271.

Waste M,

Sysems G 1

Identifies those wastes considered to be
hazardous wasies at the Sile. Any wastes
considered as hazardous would be
required to be handled as such,

Identification and Lisling of Hazardous Wastes 40 CFR Part 261

40 CFR Part 262 Esiablishes standards for penerators of

hazardous waske.

If an alternative develaped would involve
on-site siorage o off-site disp or
treatment of hazacdous wasics. these
standards would be applicable.

Standards Applicable 10 Transporters of Hazardgus Waste 4% CFR Part 263 Establishes standards which apply to p If an al developed would involve
transporting hazardous waste within the U5, of  offsitc poriation of } J
the transporation requires a manifest under 40 wagles, these standards would he
CFR. Pan 262. applicable.

CAOUMMESTASTTASL L ACE 050225 Sheet 1 of 4
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Stumdard, Requirement, Criterion, or Limitation
RCRA {cont.)

Standards for Owners and Operators of Hazardous Waste
Treaiment. Storage. and Disposal Facililies

lnl:rlm Status Standards for Owners and Operators of
Ha Waste T Storage. and Lisposal
I‘nmhlles

nterimi Standards for Owners and Qperators of New

Hazardous Waste Land Disposal Facilities

Land Disposal Restrictions

Hazardous Waste Permit Program

Clean Air Act
National Ambient Air Quality Standards

Hazsrdous Materials Transportation Act

Hazardous Malenals Transportation Regulations

E MUK FETASITAS? 1 ACE  05/22/95%

TABLE 2-1B (Continued)

POTENTIAL ACTION-SPECIFIC ARARs

Citation

40 CFR Part 264

40 CFR Part 265

40 CFR 267

49 CFR 268

40 CFR Pan 270

42 U5C Section T401-7642
4 CFR Fart 50

49 USC Section 1801-1413
49 CFR Pans 107, 171-177

Description

Eotah lich im e 1 aps A . wl."'ch
define the acceptable management of
hazardous waste for owners and operators of
factlitics which treal, store, or dispose
hazardous waste.

Establishes mini tional stand:

Commyent

Subparis B through X may be applicable
or relevant and appropriate to on-site and
oif-sile remedial actions.

B 45

ds that
define the acceptable management of
hazardous waste during the peried of imerim

should be consisient with the
maore stringent Part 264 standards as these
represent the uhimate RCRA compliance

status znd until certification of final ¢l of
if the facility is subject to post-clesure
requirernenis, until post-closure responsibilities
are Glfilled.

o

nationai dards that

dz and arc k with
CERCLAs goal of long-lesm protection
of public health and weljare and the
cnvitomment.

n s

hle h O

define accep
wasle for new land disposal facilitics.

Establishes a timetable for restriction of land
disposal of wastes and other hazardous
maicrials.

Establishes provisions covering basie EPA
pemmitiing  requirements.

i jards from
to protect public health and welfass.

air quality

Regutates tramsporiation of hazardous
materials.

should be consisieni with the
mare Panl 264 ds as these
represemt the ultimate RCRA compliance
standards and are consistent with
CERCLA's goal of loag-term pratection
of public health and welfare and the
cnyironment,

IF an alternative involves land disposal of
any restiicted waste, this part may be
apphcable.

A permit i3 not required for on-site
CERCLA actions, L &
E:mm is required for off-site acuons

e
40 CFR Part 264. Under 40 CER
Section 300.38, requiremenis of the Act
apply 1o all respense actvities under the
NCP.

Fi

May be applicable if criteria polluianis
are dischasged to air during a treatment
process.

H an al ti boped would i
iransporiation of hazardaus matenals.
1hesc ar app

Sheet 2ol 4
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Stawdard, Requirement, Critecien, or Limitation
STATE

Mebraska Eanvironmental Protection Act

T a b R Jati

Nebraska Geoeral NPDES Rules for New and Existing
Sources

Rules and Regulations Peraining 1o Solid Waste
Managemcnl

Rules and Reguolalions Goveming Hazardous Wasie
Management 1n Nohbraska

Rules and Regulations Pertaining to the b of
Wastes

National Pollutant Dhscharge Elimination Systems
(NPDES)

Rukes and Regulations for Injection Wells and Mineral
Production Wetls

Mebraska Air Pollution Conwrod Rules and Regulations

EAYHMIMKFSTATITASL. 1L ACE (O5/12/45

TABLE 2-18 (Continued)

POTENTIAL ACTION-SPECIFIC ARARs

Citatlon

Chapter B1 Anicle 15

Title 127

Title 121

Tille 132

Tiie 128

Title 126

Title 19

Title 122

Title 129, Chapler &
Section DQ2-007

Title 129, Chapter 5

Description

Establishes limitations on trpes of wastes
which can be discharged 10 a POTW and
Tequires & permit when a discharge may
interfere with, pass through, or be
incompatible with a POTW's

Commtent

Any attematives which discharge

inated pground: 10 a POTW
will have ta ineet the substantive require-
ments of tis regulation. Permit may be

processes,
Establishes paint source effluent siandards.

Evtahl L

E ishes policy for li
construction, ard operation of solid waste

managerment facilities.

Establishes procedures for notification of
hazardous waste activity, identification and
listing of & Jous wastes. g and
operators of weatment, storage, and disposal
facilities.

Requires permits or licenses for various stale
management aclmtles and establlshcs policy

b 4

May be applicable to any disch
trealed effucnt to a surface water body
May be applied if landfilling is used as a

means of dispesal of contaminated
materials.

Treatment siorage, or disposal facilivies
built on-sitz would be required 1o mest
the substantive requisements of this
regulation. Offesite treatmen!, storage, or
disposal facilities would be required 10
meet all requirements.

Permits or licenses would not be required
for an-site activities: however, the

is would need

for rel of ail or |

Requires permit for discharging polliiants
from a point source into the walers of the
Stale.

Esablistics p " fo permicti
underground injection of hazardows waskcs into
or abuve an undesground supply of drinking
water.

Eslablishes criteria for obgaining a permil
construct a source of atr poitution.

Requires good engi i e in design
of the stack height,

be met.

May be applicable if an effluent is
discharged inile an off-sile surface waler.

May be applicable if wreaved groundwater
is mjected o aguifer,  Will require
pemnil if reinjection wells are located off-
site. Reinjccted waier would have to
comply with drinking water standards.

May be applicabk i emissions from
treatment proccssecs excecd threshold
quantities.

Sheet 3 of 4
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TABLE 2-1B (Continucd)

POTENTIAL ACTION-SPECIFIC ARARs

Standard, Requirement, Criterion, or Limitation Citation Deseription Comtuent
Nebraska Environmental Protection Act {cont.) Title 129, Chapter 17 Prohibits visible dust beyond the limits of the

property line where handling, tansperiation, or
construction is daking place.

Tinte 129, Chapter 24 Limits visible emissions from diesel-powered
construclion of transportation equipment.
Nebraska Regulation of Disposal Sites Act Chapter 81 Anicle 19 Provides criteria thal must be analyzed and May be relevant and appropriate if on-site
considered by & city prior to the consiruction disposal is idered lor diation of
of any disposgal site. the surface soils.

ENY20MNFSTASITAS: 1LACE  {(5/22/95 Sheet 4 of 4

BO7NE003702-09069



5 i i imjtati
Federal
Flood Plam Management

190-Year Floodplaimn Management

Proteciion of Wedands

Protection of Wetands

Wildemess Act

Wildlife Refuge

Standards for Owoers and Operawors of hazardous Waste

Treauncent, Storage, and Disposal Facilitics

Endangered Specics Act

Fish and Wildlife Coordination Act

E \W03NFSTAT\TASE) ACE 1 1/28/%4 9:28am

TABLE 2-1C

Citatian

Executive Osder No. 11938

16 USC 661 :ts

40 CFR Part 6, i

POTENTIAL LOCATION-SPECIFIC ARARs

Description

Action that will occur in a foodplain and
wiaively flat areas adjointng inland and
i waters and ether floadplain arcas

. App

40 CFF. 6.302
40 CFR 264.18(h)

Exccuiive Ovder No. 11990
4 CFR Pant &, Appendix A

CWA Section 404;
40 CFR. Fan 230
33 CFR Pan 320-130

16 USC 1311 ¢t seq
50 CFR 531 ¢f seq

16 USC 66844 £t seq
50 CFR Part 27

40 CFR 264.18(a)

16 USC 1531 of seq
50 CFR Pan 260
50 CFR Fan 402

16 LISC 661
33 CFR Pay 2&5&33{]
40 CFR 6302

lo avoid adverse effects.
RCRA ik ot di |

Lo ¥

facility must be & d ted

Comment

Sike is nol located within a Tloodplain.

Site i nol located wrhin a LO0-year

operated. and maintaincd 1o avoid
washiour within 100-ycar floodplain.

Action invol\ring construction of facilities

p

May be rrl:vanl and approprlalc fur on-
i

or ag y in wetland

to avoid adverse eﬁ'bcts, minimizz
polential harm, and preserve and enhance
wetlands, 10 the exient possible.

Action w0 prohibit discharge of dredged

sile
near the Sie.

Na dredged or Gl material will be

or fill materials into tands {as defined

discharged mio o wetlund,

in USACE regalations) widhout pesmnit.
Foderalk d arca
wildemness area must be

P 4
2 as

7R q

in

Nof. I ed wild arca is
k d on-sile or in the vicimity of the

such a manner thal will leave i
unimpaired as wildemess and preserve its
wildemess.

Only aciions allowed under the provi-
sions of 16 USC 648dd{c) may be under-
taken in areas designed as pan of
Nationai Wildlife Refuge Sysiem.

New RCRA treatment, slangc o
f b

bibirad

I o
within 61 meters of » l'aull Jasplaced in
Holacane time

Action to conserve endangered species
within critical habitats upan which

4 species o 3, inclyding
consultaon with the Department of
Imerior.

Action to prodect, fish or wildlife for
diversion, channeling, or ather activiky
thar modifies a stream or river amd
affects fish or wildlife.

Site.

Sile and immediaie arca do nos contain
areas designaicd us part of Natianal
Wildlife Refuge Sysiem

Na or disposal facilties
located on-site will ¢ within 61 meicrs of
a Holocene-Age faulL

Critical habitaig for endangered specics
have not been identified a the Sile

M achion at Sile should modify & sircam
oF Tiver

Sheet ) ol 3
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d, Requirement, Cr o, or
Coastal Zone Managemeni Ack

Wild and Scenic Rivers Act

Standards fow Owmers and Operators of Hazandous Wasee

Treamwent, Swrage, and Disposal Facilities

National Historic Preservation Act

Manonai Historic Prescrvation Act

Farmiand Pradection Policy Act

Swrmwaier Discharge

EVROMAFSTAS\TAS2- 1L ACE 11287 9 J8am

TABLE 2-1C {Continued)

POTENTIAL LOCATION-SPECIFIC ARARSs

Ci B
1é& USC Section {451 et goq

16 USC 1271 gt geq Section 7
40 CFR 6.302(¢}

40 CFR 264.18(c)

16 USC Section 469
36 CFR Panl 65

16 USC 470 & 52q
36 CFR Pant 800
40 CFR Section 6.101

40 CFR Pant 658

40 CFR Pani 12226

Description
Conduct aclivities affecting the coastal
zofie, |nl:|ud|l'|g lands ﬂlerem and
ds in a
| with PP d state
MANAZEMEn| Programs,

Avoid wking or assisting an sction that
will have direct adverse effect on scenic
river specified in 16 USC 12764a).

Placement of non-containenzed of bulk
tiquid RCRA b dous waske

within salt dome formation, uudcrnromd
I'I'I.Il'le Or cave.

Aclion to recover and preserve anlifacts
in area where alieration of lemain
threatens significant scientific, prehis-
torical, historical, or archacobogical data,

Action W prescrve property in or eligible

for Mational Regisicr of Historic Places;

planning of action ro miaimize ham 1o
- Historic Landmark

Requires Federal agencies (o identity and
take inlo accownm adverse effects of twir
programs on the preservation of
fu'mland cheral agencies are 10
and ensurc
Federal programs are compatibie with
Siatz and locel governmen and privaie
and polics

P Y

farmland.

Permit required for siormwater runofY
disy

Comment

Sive s oot located within a coastal fone

Actions a1 Site witl not affect a scenic
qiver.

None of the formations are present on of
in the vicimty of the Site.

From available inii Site
no area which provides significant. prehis-
worical, historical, or archacological dala

No propenics on the Site are eligibke for
Mational Regisier of Histonie Places or are
Malional Historic Landmarks,

Not rekevant because Sile remedistion
improves the Sike rather than have an
adverse impact,

Permii required duning consiruction of
groupdwater treatment planl. Mo permi
required For opcrallou of Gmundwater

pianl any gr

ion and tr will

be within clused systems mot exposed
sloanwalgr.  Any Healed groundwarer
discharpge will nol contain stormwaler
mnoff. Al snils reatrnenl permits are
pan of QUL

Sheet 2 ot 3
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ard wirement, Crikech r »
Mebsaska Hazardous Wasle Rales

Nebraska Air Pollution Control Rules sad Regulations
Mebraska Regulation of Dispasal Sites Ac

Nebraska Solid Waste Rules

Nebraska Sale Drinking Waler Act

EA9MPAOFSTASTASE | ACE  12128/04 9.28am

TABLE 2-1C {(Coatinued)

POTENTIAL LOCATION-SPECIFIC ARARs

Cilation
Titkc 128, Chapeer 121

Title 129, Chapeer 2
Section 194107

Title 132, Chapter 4

Title 179, Chapier 2

Description

Adaps and incorporates all of Tile 40
CFR Part 264 pcnamlng to standards for
Ownixs and Operators of Hazardous

Waste Treatment, Storage, and Disposal
Fagilitics.

E: i air quality control

A disposal site shall be located al leas
1,000 feet from the nearest edge of the
ght-of-way of any stak, inkerstale, or
federal highway wnless the working area
is screened 50 #S not 10 be visible from
such highway.

No solid waste area shall be located
within 10,000 fccl of a vunway inended
for usc by turbject-driven aircrafl or
5,000 fect of a ded for use

Comment

Discussed i previous SeCcTions containmg
40 CFR 264 sundards, requirements,
critenia, of limitalions.

Might be relevan and appropriate Ffor
on-sile disposal of solikh waste.

Site is nol located withon 10000 feet of an
aircrafl unway. [wential wasic does not
antract hirds 30 45 ¥ pose a threal o

by piston-driven aircrafi.

Establishes MCLs for public water
sysiems, critenia for public water sysiem
design, and training and certilication
requirements {or public water system

operators.

Mot applicable because lrealed waler
would not be used direcdly as drinking
waler. Trealed waler woukd potentially be
used only as infeed water 10 a public
sysicm which would lwther treal the ireal
waler 1o public system standards.
Therefore, the Mead Site would not design
and op a pubhic SYslEm.

Sheet 3 ol 3
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TABLE 2-2

POTENTIAL GROUNDWATER CHEMICALS OF CONCERN

PARAMETER GROUP Parameter
P—

VOCs 1,1,1-Trichloroethane
1,2-Dichlorocthene (total)
1,2-Dichloropropane
Aceione
Chiovolorm
Methylene chioride
Tetrachloroethene
- J'Igchlomelhcuc
SVOCs Diethy! phthalate
Di-n-butyl phthalate
N-Nitrosodiphenylamine
Phenol

e e ———— i
EXFLOSIVES 1.3, 5-Trinitrobenzene {TNB)
2,4,6-Trinkwotoloene (TNT)
2, 4-Dinirotoluene (2,4-DNT)
Hexahydro-1,3,5-+rinitro-1,3, S-irinzine (RDX)
— Octahydre- 1,33 T-4etranitro 13,5 7-trazocine (HMEX)
METALS Aluminum
Lead
Nickel
Vanadium

A

Hote: Tetryt was not identied in the OU2 PRA G ap ink r of thus u sibe-specilic haslth-based cloanup
goal was not cakonlated. Comparisan of the mu tetryd ioa d d ins Sing growndwater, 5.1 ugl, to generic health-
basod value of 3N wy/L indicates thal vwtryd ia sl & contwminsnt of comcem. The gencric hoalth-based value is Grom Begion 9 PRG
abilos, based on residential sxposure 16 grovndwater.

NAFSICOCGXLS 121854 1:34 P Shact 1 of |
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Equaion;

For Adukt Besidenty, For All Chemicals

TABLE 2-3

GROUNDWATER INGESTION EXPOSURE INTAKE FACTORS
CARCINOGENIC EFFECTS

IFiog = {IR x EF 1 EDM{BW 1 AT1 1 AT2)

{fing = ingestion Lntake Factot

IR = Ingestion Rate {liicrs/duy)

EF = Exposure Frequency (daysiyear)

ED = Expesurc Duration (years)

BW = Body Weight (kg}

AT = Days Per Yem

AT2 = fFor carcinogenic effects the averaging lime is based on a 70 year life span.

P T =ik’
[1] EF ED BW ATI AT2
{Liday) da: (year} { (dayalyr} ra) IFing
z % ﬁs”y %ﬂ_ VI TEDL

A the wors) W for i ic effects.

Mote: Adwle resi is i

MAFSHIFGK-C XLS 12422/94 12:24 PM
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TABLE 2-4

GROUNDWATER DERMAL EXPOSURE INTAKE FACTORS
CARCINGGENIC EFFECTS

Equation: iFder= (SA 1 FCx ETx EF x ED 1 CFWBW 1 ATV 1 AT2)

Where: IFder = Dermal Exposure Iniake Factor
SA = Skin Surface Arza Availwble for Consel (¢ (em®)
PL = Chesmi pecific Dermal F ity Constant {zmMr}
ET = Exposure Tinve (hours/day)
EF = Expoturt Froquency (daysiycar)
ED = Exposure Duralion {yewrs)
CF = Volwmetric Conversian Factor for Waser {1 liter/1000cm’}
BW = Body Weight (Kg)
AT = Days Per Yeur
AT = For carcinogenic effects the avenging time is based on & 70 year Ll span

For Aduli Residents

M E— — - M —— ki
7 BC ET EF EO CF BW AT1 ATZ
(cm’) {smibr) {hridy) (dylyesr) {year) {Lica’y {kg) tdaystye) ora) 1¥der
T OMEL0A 1.70E-02 0.2 350 30 1.001 £ 365 70 3 BTE-GA
JZ-Dichlersetbent (total) 1 94E+04 24E-03 0.2 350 30 0.001 70 365 70 2 92E-0%
1,2-Dichbsrvpvopane 4L +04 O0E-02 ¥ 350 0 0.001 70 385 70 2 28E-04
S4E+04 . JOE-(4 .2 130 10 8001 70 163 T0 1 30E-25
G4E+04 B90E- ¥ 50 30 y.0% ] 363 70 2DIE-04
LIME+D4 4.G0E-03 2 50 30 J. 0K 7 365 70 1.05E-4
1.94E+04 4 §0EA 0. 50 30 ). 0% 7 365 70 1.09E-03
B4 E+{H ABE-D2 . 50 k) X 7 365 pi0 AAEHA
4 E-+04 O2E-D3 0.2 350 30 1.0 T 165 h 1. 14E-04
4 E-+04 .6IEI .2 350 30 0.00 70 365 70 B.27E-03
] 3.60E-02 0.2 350 ) 0.00 70 165 0 §.20E-04
DAEHM 5 S4E-0 F. 350 30 0.0( 70 365 70 1.26E-04
ME+ 3.30ED03 2 350 0 0.0 10 165 0 8 66E-05
O4EH 3H0E03 3 50 ) 0.061 70 155 70 8 66E-05
ME-+H 3 80603 .2 350 E .0 70 165 70 8 66E D5
QAE+T4 ABE-D4 F] 350 0.0( 10 365 T 793E-06
"OAE+04 43E-04 2 350 X7 70 165 70 793E-06
T94E+04 DOE-03 02 350 001 70 165 0 2 2805
1.94E+04 YOE-03 0.2 350 001 70 165 70 2 TBL-05
TOAE+04 WOE-03 [¥3 350 — 0,001 70 165 0 2 JRE0E
T 99L+04 T EE_-E 3 350 10 D001 70 355 70 TIRE0S |
Nute  Adult resident 15 ¢ wdered the worst 10 fur ¢arci i cllecis
NAFSZUFDX-C.XLS 12/22/94 12.27 PM Sheel 1 oi't
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TABLE 2-5

GROUNDWATER INHALATION EXPOSURE INTAKE FACTORS
CARCINOGENIC EFFECTS

Equation: IFimk = {1H x ET %« EF x ED £ Ka){BW o AT1 x AT2}
Wikcre: IFinh = Inhalation Exposure Intske Factor
#H = [nhalwtion Rae
ET = Exposure Time
EF = Exposure Frequency
ED = Expoawte Durstion
KS = Conversion Constant {Shower Model}
BW = Body Weigh
AT = Days Per Year
AT2 = For carcinogenic ¢ffecls the agiag time is based on a 70 year life span.
For Adult Resideos (s) - o _ _
1H ET EF ED K5 nw ATI AT2
s-’mm; {houriday) {dyiyear) {year} {umitleys) (kg} tdy/yr} tyr} h
33 02 150 W 13 34 0 365 70 1 ILE02
0.83 02 350 30 1334 75 355 70 1ILED7
013 0.2 350 30 13.34 70 365 70 131E-02
[XE] 02 350 0 13,34 70 365 70 1 31E-02
o1 [F} 30 30 K] 70 363 70 131E-02
0.83 0.2 S0 30 34 70 365 70 1 31E-02
[¥#] 3.2 50 30 134 70 165 70 1 31E-02
23 ¥ 350 30 3,14 10 365 70 | 31E-02
83 3.2 350 30 0.00 (b} 70 365 70 0.00E+D0
Fi] [F 350 30 D.00 (b} 70 365 70 T 00E+H0
53 [F; 350 30 .00 (b 70 365 0 G OOE+00 |
[T 0.2 150 30 0.00 (b 70 165 0 DOE+H0
3 2 350 30 0.00 (b 70 165 H 0 0E+D0
83 2 350 ) 0.00 ¢b} 70 165 7 U GOE +00
83 2 350 30 0.00 b} 70 33 70 0.00E+00
0.83 0.2 350 30 000 (Y 0 5% M 0 DQE+D0
8.8 %3 350 £ 00 ¢ 70 363 70 1 GOE+00
0.83 0.2 350 30 00 (b 70 365 70 0 DOE+00
0.83 0.2 130 30 00 (b 70 163 7 [T
ickel 0.83 5.2 350 30 G0 (b) 70 163 0 0.00E+00
ARadium 643 0.2 150 35 500 (b} 70 355 7 [
Note: (a). Aduly residen! is congidered the waorst scenario for carcinogenic effects. N
{b). Chemicals with Jow volatility.
NAFS2UFAN-C XL5 12/22/94 1228 PM Sheet Eal 1
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Equation:

For Chitd For AlLCh

TABLE 2-¢

GROUNDWATER INGESTION EXPOSURE INTAKE FACTORS

NON-CARCINOGENIC EFFECTS

1Fing = {IR x EF x EDVM{BW 5 ATL x AT2)

IFing = Ingesibon Liuske Factor

IR = Ingestion Rse {liters/day}

EF = Exposwre Frequency (daySiyear)

ED = Exposure Durstion (yeurs}

BW = Body Weight (k)

ATI = Days Per Year

AT2 = Avemging Time { Period over widch exposuce iy averaged)

¥D y{il riyl

suﬂ ;y] {du

{year) _E.; %Y') Lyra)
6 1 6

Maie: Child residen ia

d 1lee worst i fof non i ic effects.

NAFSZWFGX-NC XLS 127229 12°28 PM
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TABLE 2-7

GROUNDWATER DERMAL EXPOSURE INTAKE FACTORS
NON-CARCINOGENIC EFFECTS
Equation: 1Fder = {SA x PCx ET x EFx ED x CFWBW x ATI x AT2)

Where: IFder = Dermal Exposuec Intake Factor
$A = Skin Surface Arca Available for Cantsct {cm’/day)
PC = Chemical Specific Dermal Permesbility Constast (covhr
ET = Exposurs Tire {hours/day)
EF = Exposure Frequency (daysfye)
ED = Exposure Duration {ycss)
CF = Volumeitic Conversion Facior for Water (& lier/L000cm’)
EBW = Body Weight (Ka)
AT = Days Per Year
ATZ = Averaging Time (Period over which exposure is averaged)

For Child_Resident

A FC G D oF BW ATT Py E:
3

!:n:l {t-}h.r! {hridy) {nﬁnr} {year) tlJ:'n 3 lkﬂ (days/yr) {yrs) 1Fder
§.6TEH) TOE-O2 02 & 0.001 [H ErE3 [] L 45E-03
6.6TE+0] _28E-03 02 350 £ 04001 15 65 & 1 0E-{4
6.67E+03 DOE-02 0.2 50 [ 0.001 15 365 [ 8.53E-04
6.67E+D3 5. 70E-04 6.2 350 L L0 15 55 [ 4.86E-5
€.ETEHH §.00E-03 0.3 $0 ¢ 001 13 63 T.59E-D4
& 67E+H)3 4.46E-03 0.2 30 £ 201 15 65 3 RE-04
£.67E+HH 4 J0E-D2 .2 350 & 0.301 15 365 £ 4 .09E-03
ATE+D 1 A3E-02 0.2 350 [ [T 1% 1465 6 1 26E-03
SIE+03 5 D20 -2 0 3 Q.00 5 345 [ 4.28E-{M
§TE+Q3 3 6IE{ ¥ 0 Q.00 4 153 & 3. 1DE-02
‘,E4- HOEL 2 lS_l) .00 5 165 & 107603
TE+ S4E-03 ¥] 50 0.001 15 365 [3 4 7IE54
TE+ BOE-0Y ¥) 30 0,004 15 165 [ 3 24E-04
6.67E+03 30E-03 2 30 [ 0.001 15 365 & 3.24E04
§.67E+03 S0E-03 0.2 §2 [ 0.041 15 165 [ 1 J4E-04
6.67E+03 3 ARE-O4d 0.2 S_D [ 0.001 1% 365 & 2 97E-03
6.67E+03 3. ABE-04 .2 50 6 1.001 15 365 6 2 97E.05
6.67E+DI QOE-(3 }2 30 & 0.001 15 165 & & SIE-05
[ TE_OLB _DDE-03 . 50 [] 0.00) 15 365 [ 5IE-05
TEHE 0E-¢3 0.2 330 [ 0.001 15 365 [ S3E-05
6.67E+ DOE-0] [ 350 [ 1001 [ 36% & S3E-05

Mowe: Child resident is idered the werst o for genic effects

MAFSHIFDX.NC. XLS 12/22/94 12:29 FM Sheet 1 of )
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GROUNDWATER INHALATION EXPOSURE INTAKE FACTORS

TABLE 2-8

NON-CARCINOGENIC EFFECTS

Equation: [(Fiak = {ll} 5 ET x EF 1 ED & Ks){BW x AT1 5 AT2)
Where: IFinh = [nhalstion Exposuse Intake Factor
TH = inkalation Rate
ET = Exposure Timec
EF = Exposure Frequency
ED} = Exposure Durstian
K5 = Conversion Consiant {$hower Model)
BW = Body Weigh
ATI = Days Per Year
' AT2 = Averaging Time (Period over which cxposwre is averaged}
For Child Resldents
T EImC E— — I e — P
H ET EF ED KS BW ATI AT2
(n’.r‘l_wr] {hour/day) (dyJLtar} (year) {anilless) (I:H (dy.zr] {yr} IFimh
053 4 150 13.34 15 165 [] 1.42E-0i
0.4 . 310 13134 15 165 [ 1.42€-01
0.33 .2 50 13.34 15 365 & 1.42E-01
.23 Q.2 350 [] 13.34 L5 165 [ 1.4%E-01
053 9.2 350 & 11,34 15 65 & 1.42E-01
083 9.2 150 [ 13.34 15 3435 & 1. 42E-01
0.43 0.2 50 [ 1334 15 45 & 1 42E-0}
Dﬁ 0.2 150 L 13.34 15 365 & 1 42E-01
0.83 .2 350 § 090 (b 15 145 0.00E+ D)
-m-Butyl phibak 0.83 L. 30 [ (000 (o $ 55 A0.00E+0{
-Nitresodlphenylamine .83 } 50 [ 0.00 (b 365 [ 1.HE+30
enol LH 3 30 e 0.00 (b 365 [3 0.00E+30
83 ¥ 50 00 (b) 368 [3 0.00E+00
L] 2 350 00 (b) 13 355 3 DEA
IE} 3 350 00 (b) 13 363 [ OOE+(
83 % 350 [ 0.00 (b) 15 363 ¢ DOE+D0
LE 1.2 50 [] 0.01 15 365 [ 0 O0E +00
E X7 . 50 5 1._:_1%_ is 365 [ TO0ET00 |
033 ¥] 50 3 0.00 (b 15 165 [ DOOELOD |
) 133 02 350 3 0.00 is 363 U.00E +00
‘anadiam B3 0.2 350 3 0.00 (b} 13 165 [ 0 GOE+00
Nowe: [a). Child resident is comsidered the worst scenanio for non-carcinogenic effects
(b} Chemicals with Jow volatidiy
MNAFS2ZMFAXN-NC KL 1272204 12:29 PM Sheet § of 1
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TABLE 2%

CRITICAL TOXICITY VALUES FOR POTENTIAL CHEMICALS OF CONCERN

- R I _—
Refcremoe: (mg/kg-dny) Shept Facter (mg/kg-day)-1 EPFA
Oral Weight of
Chroaic Oral Inhalstisn Evidemoe
9.00E-02 * - -
9.008-03 | - -
. 680602 1 - B2*
1.00E-01 © - -
1.OOE-02 * 6.10E-03 * £. 10602 5 R2*
6.00E-02 © 7.50E-03 * 1.65E-D3 * B2*
1.00E802 * 0.052 " 2 00E-03 &4 Br*
. 3. 106-02 * 1.70E02 * [
2.00E-01 * - .
1.00E-01 * - -
. 4.90E-03 * - B2°
6.00E01 * - -
5.00E-05 " - -
5.00E-04 * 3.00E-02 * - C*
2.00E-03 * 6.806-01 * - B2*
3.00B-03 * t.10E-01 * - c*
S 0DE-02 * N -
- - - B2*
200802 4 - :
amadl e 7.00E-03 ¢ . .

HMAFSIACRITTOXNS. X1S 1272094 936 AM
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TABLE 2-9 (ceatiowed)

CRITICAL TOXICITY VALUES FOR POTENTIAL CHEMICALS OF CONCERN

mppn !'PE

NAFSRCRITTOXS X1S 1172654 9:38 AM

—— EPA WEIGHT-OF-EVIDENCE CARCINGGENIC CLASSIFICATION OF CHEMICALS
GN!_ thom Mﬁﬂud!ﬂdﬂue
A carcinogen Sullicient ¢ P ogic M3 10 SUPPOLL & C8 [ro Ty
between &xposure and cancer.
Bl or B2* Probable humsn carcinogen B[mdwﬁesﬂntlupledhumndaum Jable from epud log
B2 indicates sulficient evidence n anumals and inadequale ar no svidence in
humans of carcinogesicity.
c [Possitde lvaman carcinogen Limited evidence of carcingenicity in animals.
D lNolchuiﬁedutohm foq id, of carcinngenicity in animaj
E No evidence of carcinogenicivy in Ho evid of carcinogenicity in &) least two adaquale animal 1ests of
huans in both spidemi m and anima) smudies .

EPA Intcgrated Risk loformation Syztem (IRIS) database.

Health Effecis Asscssmeni Summary Tables (HEAST; EPA, 19%1)
Health Effects Assesaneat Sumunary Tables (HEAST, EPA, 1992)
Health Effects Asseyynent Summary Tables (HEAST, EPA, 1993)
Substances in groups B and C are considered potential carcinogens
Slope factor was calculmad from Unit Risk Value

Shoct 2 0 2
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TABLE 2-10

HEALTH-BASED GROUNDWATER CLEANUP GOALS
{CARCINOGENIC EFFECTS)
Based on the Adult Resident Scenarie

Equation: Cgw = Riak / [((1Flag +IFder) 1 SF eealyt (IFiak x SF nk)|

Whers. Cgw = Health- Based Clewinup Gosle
Risle =~ Targm cancer risk lovel
SF sval = Slope Factor for orall route
SF imh ~ Skope Factor For inhalstion exposss rout
IFingg ~ Ingwmion Intake Factor
IFdws = Dvwrooal Exposure Intake Factor
1Ficshy = Lubaintion Exposms Intake Factor,

Based om Aduly Rishdcmts {s) Pials = LE-06 1.ME-05 1.M0E-04
Henlth-Based Health-Based Heally- Based
SF oral 5F imby Chennup Goals Chenng Goals (Cpw)l] Cleanup Gosks (Cgw)
Patenttsl COCy |Fder TFimb (mp/kg-day)- (mpkg-dayr-1 (mp/L) (/1) (L)
I,1,1-Frichisrasthane 3ETEHL  LITED2  L3IEDZ . . N Hi b} HA
1.2 Drichiaraetivens 2.92_§-13 I,I?_E-Il! 1. 31E-0) - - NA NA NA
i 1.23E04 I.I?_B-IB 3.31E-0) 5.80E-02 - 1.213E-03 1.21JE-01 1.13E-01
130E-03  1I1TE-O2 1.31E-0) - - NA HA NA
20AEH4  LITEAND 1.3 1E-02 %.10E-0% £.10E-02 8.85E-04 %.85E-03 3 $3E-0T
chilarils JOIE-04  1LITE-O) 1.31E-0) 7.50E-03 1.63E-03 9.06E-03 $O6E-02 $.06E-D)
‘etrachlovocthuna 1 DSE-0} TE-0] 1.1 E-N 5. J0E-02 2.00E-03 1. 44E-03 1.4E-02 1. 44E-{H
richlovominens 3. YTE-04 LY TEAD] 1 31E-05 1.10F-02 1. JOE-02 2 M2E03 2 A1E-02 2.82E-0
1. 14E-04 ATE0E  D.00E+00 - - NA MA NA
D~ it yl #*e 5.27E-03 TE-02  0.00E+0} - - NA NA NA
M- 1.20E-04 |.:m_3_o O +00 4. ME-03 - 1 3B 1.62E-01 1.62E+D0
Flawad 1.26E-04 L.LTE-0? O.00E+00 - - NA NA NA
NB )] 66_5-_0! LATEQZ  O.00E+D0 - - MNA HA MNA
B.66E-05  1.17EGI  0.DO0E+00 3.00E-01 - 2.32E-03 102E.02 2.82E-D1
1.4-DNT S66E-03 ILITEAD]  O.DOEH0 6.IED] - §.2AE-D4 1. 24E-03 1. ME-D2
RDX 7.93E-06 L.17E-02  0.00E+00 1.10E-01 - T.T4ED4 T.74E03 T.74E-02
“llux 7.93606  1.17E01  0.00E+0 - - NA NA NA
TINEADS  DATEO?  O.O00E+M0 - . Na NA Na
Land 22RE-05 117603 0.00E+00 - - NA Na NA
[Nicked 2.28E-D5  117E02  0.00E+00 - - NA NA NA
Vanndiarn 2IBE05__1.1TED1_ D.00ES00 . - HA NA WA
Note: (a). Adwb residend is idered the worst in For carch i effects.
(b). NA = Not apphicable. Quantitative toxicity data is oot availsble 10 calculate bealih-based chenmp gonls.
MNWFSIMFOAL-CXLE 122794 455 FM Shect | of )
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TABLE 2-11

HEALTH-BASED GROUNDWATER CLEANUP GOALS
(NON-CARCINOGENIC EFFECTS)
Based on the 0- to & year ol child scenario

Eqnlhn: Cgw = {HI x RMD) / (IFing + IFder + IFlab)
Whers: Cgw = Health-Based Cleanup Goals

= Targel Hazwed Index
IFimg = Ingestion imake Factur
1Fder = Dermnad E: wee Intake Factor
IFimh = [mhalation Exposure Intake Faclor
RID (h) Hcalth-Based Cleanup Gosls {Cgw)
Poleatinl COCa IFder 1Fi [¥ink (CHRONIC) {mg/Ly
I —r—a v
1.45E-0) 6.5__&%3 L4ZEH 2 QOE-02 4.14E-01
1 O9E-04 4. J9E-62 1 42E-D1 9.00E-03 4.37E-D2
£.53E-(4 6.39E-02 142E-0 1.30E-02 (c} £.28E-02
4. BOE-05 6. I9E-A2 1 42E-D| 1.00E-01 4 45E-01
TIED4 $IIE0T AZE-DL 1 G0E-02 434E-02
3 80E-04 5. I9E-02 AZE-0 6 00E-03 2.91E-0L
4.@5_-03 ..Em .4ZE-DI 1 O0E-02 4.T6E-012
1.26E-03 I9E-02 A2E-04 — NA
429E-04 I9E-02 0.00E+00 3.00E-01 1.24E+0
,IlE_-UZ JLE-OZ . (WEHWD L.0OE-01 T.03E+00
LTE-03 I9E-02 LODE+I0 - MHA
J2E04 LI9E-02 LOOE+HM0 6.00E-01 9. 32E+00
34 6.39E-02 EHN 3.00E-05 T78E-04
3. 4E-II4 6 AVE-02 i (E+ 5.0E-{4 1. T8E-03
324504 639502 O.00E+00 T.00E-03 31IED
29605 6.39E02 Q.00EHD0 1.00E-03 4.69E-0;
2.9@ ﬁ.39__E-02 { (HE+HK 5.00E-02 T AIED
.S3E-05 6.19E-02 0 Qi+ 0 - NA
S3E-04 4. 39E-02 Q.00E+00 - NA
A3E-0% 6. J9E-01] 0.00E+00 2. 0E-02 3.12E-01
.53E-05 &.I9E-Dd 0.00E+00 ?.00E-03 1.09E-01
Mot (a). The Targer Huzard Quoticns for sach chemical is sct a1 1.0
{b). RID vabues were wsed oo evaluation of exposwe via oral, dermit and inhalation routes. The vse of RITY values 1o
<valuaic inhalmi similar h of lexicity for both oral and ishalation exposure,
This converskan appro«.h was 1aken to cover ihe inkalation routc For chemicals withoun § ion REC valucs. ..
(€} These is na chronic RED for §,2-dichl . The cl p gaal were caloulated uzing the subchronic RID.
(d} Bascd on the recommendstion of ECAD 1Apnl 19, 1993]), dzrmal exposure was evaluated using oral toxicity values.
(e} NA = Not spplicable. Cantitalive toxicily data is not available 10 calculate health-based <lcanup gosls.
NAESHGOALX-NC XLS 12722/94 2.35 PM Sheet 1 of |
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CONTAMINANT-SPECIFIC ARARS
Standard, Reqwirement, Criletion, or Limitation
Federal

Resource Consevvation awd Recovery Act IRCRA)
nf 1976. as amended

Identification mnd Listing of Flazardous Waste

Rcleases from: Solid Wasie Management Linjts

Sale rinkipg Wartr Act

Mational Prmary Drinking Water Standards

Maximum {ontaminant Level Goals (MOLOs)

Natienal Secondary Drinking Water Standards

Feders! Water Pollution Control Aci. a3 amended
by the Clean Water Aci of 1977

National Foll Disch El;

Permil Regulations (NPDES)

Syslern

Ambient Water Quality Criteria

Cuidetines Establishmg Test Procedures for the
Analysis of Pollulanes

Explosives Manufacmring Point Source Calegory

FOSNAMERTASFSWPTASI IRV herisas

Citatioan

42 US.C. §6901 ct s2q.

40 CFR 261

40 CFR Pan 15494

40 VS.C. 300
40 CFR Pan 14]

40 CFR 1150

4% CFR Pan 14}

IIUSC. 512511376

40 CFR: Parss 122, 125

40 CFR Pan 131
Cuaiity Criteria for
Water, 1976, 1980, 1986

40 CFR £36.1-5 and
Appendices 1-C

4 CFR 457

TABLE 4-1

ARARs

Defines characteristics of hazerdous wastes and
[ lsts of W

RSles, i wastes
under 90 CFR Pans 124, 262-265, 268, 270, and 271.

Subpart F {264.94) gives concentration limis in
proundwater for hazardons constituents from 2

regulated wiit.

Eztablishes wmiaximum contaminad levels (MOLs)
which are health-based standands for public water

E¥SIemns.

Establishes drinking watcr quality gozls sct af lovels
of no known of siicipated adverse
an adequate margin of safary.

dary . .
{$MCLs) which are non-enforccable guidelin
public water systems ta ensure the sesihetic quality of

the walter.

Requines peamils for the discharge of pollutants from
any painl source inta walers of the Unied States.

Requires stxes 1o establish

ceiteria for protcction of surface water hased on use
classifications and the critena stated under
Scotion 304(a) of the Clean Water Act. Establishes

S

use and

P analyical p
and repors.

For MPDES applications

Estabdi imitations for
the production of explogives.

[

Alfernatives

.3, 4. 5678

. 3,4.5.8, 7.8

L3456, 7.8

L4 s6 T8

L4 5678

Sheet 1 of 6
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Stuudard, Requirement, Criterion, or Limitation
Chean Air Act {CAA)

Mational Primary and Secondary Ambient Air
Quality Standards and Mational Cmission Standards
for Hazardous Air Paliulants

State

Nebraska Envirommental Protection Act

Water Quality Swandards for Surface Waters of tw
Baate

and Use

i § Quality
(lassilication

Mebraska Drinking Warer Standards

Mebraska Air Pollution {'oatrol Rules and
Regulaiions

E @I FSTASTFSWPTASI LAY soziees

Cltation

42 1150, §§7400-7642

40 CFR Pans 5, 67

Revised Statwes of

TABLE 4-1
{Continued)
ARARS

Description

air quality dards for certain
"criteria pollslants” o protect public health and
welfare and emission siandards for cerain industrial
polluiants and sources.

Establishes state’s policy on environmental comtred,

Nebraska, Chapter 81
Tile 117, Mebrash Establishes envi A quality dards Eor the
Departnremt of surface waters of the 3

Environmentad Cualily
{NDEQ)

Titke 118, NDECG

A

Establishes silandards and usc classifications for
groundwaler sowrces of drinking water. Used 1o
i for g d fial aclions.

Cade, Tile 179,
Depariment of Health

Tithe 129, Chapter 4

Titke 129, Chapicr 19

Title 129, Chapter 5

Titke 129, Chapter 17

E MCLs for drinking water supplies.

Establishes sate peimary and secondacy ambis