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EXECUTIVE SUMMARY

INTRODUCTION

New York State through the Commissioner of the Department of Environmental
Conservation (NYSDEC) as trustee for the natural resources of the Onondaga Lake system
asserts that the natural resources in and around Onondaga Lake (Figure 1-1) have been injured
by releases from Allied-Signal Inc. (fdlicd) of hazardous substances as defined under CERCLA
and have created a public nuisance under New York State common law. In addition, the
trustee asserts that releases of substances which are not defined as hazardous substances under
CERCLA (referred to as non-hazardous substances in this plan) by Allied have also created a

public nuisance under New York State common law.

A natural resource damage claim is being pursued under CERCLA for the
hazardous substances released by Allied. A claim arising from injury to the State’s natural
resources caused by releases of non-hazardous substances is being brought under New York
State common law. This plan has been prepared with the full participation of the agencies
responsible for the remedial response actions under CERCLA. The natural resource damage
claims and claims under the State’s common law are collectively referred, hereinafter, as

“NRD Claims.”

The natural resource damage assessment plan follows the guidelines for Type B
assessments as specified in 43 CFR 11 Subpart E and has been written so that it can be revised
as needed to incorporate future results generated from both the remedial process and the natural
resource damage assessment process or changes in the Federal NRDA regulations as
appropriate and applicable. A flow chart detailing the natural resource damage assessment plan

for Onondaga Lake is presented in Figure E-1.

The boundaries of the study area generally include all areas in the vicinity of
Onondaga Lake where Allied released hazardous and non-hazardous substances and all areas
associated with the Onondaga Lake system where injuries to natural resources attributable to

those releases have occurred. This includes the entire lake including all sediments and

13320DAP.DOC (WR R96-1) Onondaga Lake Natural Resource Damage A t Plan
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bordering wetlands, contiguous upland areas, the boundaries of all listed active or inactive
Allied-related hazardous waste sites (Figure E-2), any other locations in the vicinity of
Onondaga Lake or its tributaries where Allied released or disposed of wastes, tributary streams
passing through Allied active and inactive hazardous waste sites as well as the outlet of
Onondaga Lake, the Seneca River from above the Onondaga Lake outlet to the Three Rivers
junction and the Oswego River from Three Rivers to the Phoenix Dam. Onondaga Lake, the
major tributaries to Onondaga Lake and the location of the Allied waste beds are presented in

Figure E-3.

CONFIRMATION OF EXPOSURE

The confirmation of exposure of injured resources to the releases of hazardous
substances released by Allied required by the NRDA regulations is met for mercury which has
been shown to have been present in fish of Onondaga Lake in concentrations exceeding the

FDA action level.

INJURY ASSESSMENT

To perform a complete natural resource damage assessment for Onondaga Lake,
the injuries to the natural resources of Onondaga Lake must be inventoried. To that end, this
plan proposes a number of tasks designed to determine the injuries that have occurred to the
natural resources of the Onondaga Lake system. These tasks include the documentation of
releases of substances of concern from Allied, pathways from the releases to the natural
resources of the Onondaga Lake system and injuries to the n;mral resources of Onondaga
Lake. Injuries to surface water, sediment, geologic, air, biologic and groundwater resources
are considered in the plan. The measure of injury provided in the plan is arrived at through a
comparison to a regulatory standard or guidance value collectively referred to as injury criteria.
The DOI regulations allow for the use of alternative measures of injury in the determination of
natural resource injury. The plan allows for the use of these alternative measures for

determining injury on a case by case basis. For example, an alternate measure could be

13320DAP.DOC (WR R96-1) Owondaga Lake Natural Resource Damage A ¢ Plan
November 30, 1996 Xiv



NOTE: Numbers and letters refer
to specific weste beds.

o] 2000 4000 6000

e e —— L
TR — (NEMErs
(o] 1000 2000

Source. Blasiand & Bouck (198%)

LAKELAND

Tributary SA

East
Flume

SOLYAY

ahe Outiul

~—r N

LIVERPOCQL

Onondaga
Lake

SYRACUSE

3

Figure E-3. Onondaga Lake with the location of Solvay waste beds.

Xv



NORMANDEAU ASSOCIATES

applied when concentrations of a substance in one resource, while not exceeding a standard,

~

causes an injury to another resource.

Allied has maintained several chemical production plants in the vicinity of
Onondaga Lake since 1884. Up until the mid 1980's, these plants produced or used, directly
or indirectly, hazardous substances including BTEX compounds which include benzene,
toluene, ethylbenzene and xylene, chlorinated benzene compounds, polycyclic aromatic hydro-
carbons (PAHs), mercury, lead and ammonia. Non-hazardous substances that were used or
produced include caicite, sodium and chloride. Releases of all of the above mentioned
substances from Allied facilities have been documented. In general, these releases have
occurred either directly to Onondaga Lake and its tributaries or to the land surface in the
watershed of Onondaga Lake and its tributaries. Onondaga Lake, its tributaries, surface
runoff, groundwater flow and movement of air and biota have provided pathways for the

migration of contamination which originated at Allied throughout the Onondaga Lake system.

Injuries to the natural resources of the Onondaga Lake system attributable to the
release of substances of concern by Allied are summarized in Table E-1. The Table lists all
injuries that can be linked to Allied releases based on the preliminary data review conducted for
the preparation of this plan. Future data may indicate that additional resources injuries exist or
that injury is present at locations other than those presented in Table E-1. The plan has been
written so that it can be readily modified to include any additional injuries determined in the

future.

The plan identifies several injuries as priorities in the damage assessment either
because of the properties of the substance(s) involved or because of the scale of the injuries.
Soils, groundwater and sediments have been injured by orga;ﬂc compounds including BTEX
compounds, chlorinated benzene compounds and PAHs. This injury is widespread in the
vicinity of the Semet Residue Ponds, the Willis Avenue Plant and a large area of the bottom of
Onondaga Lake downgradient of these facilities. Injuries attributable to mercury releases are
widespread throughout the Onondaga Lake system. Soils and groundwater on the site have
been found to be injured by releases of mercury from Allied. Sediments and surface water in

the lake and the tributaries exhibit concentrations of mercury which often exceed applicable

13320DAP.DOC (WR R96-1) Onondaga Lake Natural Resource Damage A Plan
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TABLE E-1. SUMMARY OF INJURED NATURAL RESOURCES ASSOCIATED
WITH SUBSTANCES KNOWN TO HAVE BEEN RELEASED BY
ALLIED BASED ON A REVIEW OF EXISTING DATA'.

SURFACE WATER

SUBSTANCE

OF CONCERN WATER SEDIMENT AIR GEOLOGIC BIOLOGICAL  GROUNDWATER
BTEX Compounds b G ). G xdef Xrcded
Chlorinated Benzene x ). G Xdef X2
Compounds v
PAH Compounds X® Xb xedef xrcdef
Mercury Xrb Xt Xdefh Xb xéh
Other Metals (lead) X ). &
Tonic Wastes X0t xXee xedef

Location of Injured Natural Resource:
*Onondaga Lake '
"Tributaries to Onondaga Lake
*Semet Residue Ponds
*Willis Avenue Plant
*Petroleum Storage Area
fAssociated Hotspots
tSeneca River and Downstream
"Bridge Street Plant

'Only injuries with documented releases from Allied and demonstrated pathways from the
releases to the injured resources are included; X indicates injury.

13320DAP.DOC (WR R96-1) Onondage Lake Natural Resource Damage Assessment Pian
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standards and guidance values by an order of magnitude or more. Sediment contamination
extends throughout several tributaries passing through the Allied facilities and most of
Onondaga Lake. Concentrations of mercury in fish in Onondaga Lake are well above the FDA
action level for mercury. Injuries attributable to releases of ionic wastes are also widespread
throughout the Onondaga Lake system. Foremost among the injuries attributable to the release
of ionic wastes is the density-induced stratification of Onondaga Lake and the Seneca/Oswego
River that has contributed to hypolimnetic anoxia and the elimination of the historic cold water
fishery (UFI 1994). In addition, the absence of healthy stands of macrophytes in the lake is
primarily attributable to the presence of flocculent, calcium-rich, oncolite sediments that

provide poor growing substrate caused by releases of calcium from Allied.

Additional research studies related to the determination of injury for mercury and
ionic wastes are specified in the plan to build on existing data. Specifically, study plans are
presented to investigate: the movement of fish contaminated with mercury out of Onondaga
Lake; injuries to wildlife from mercury in the Onondaga Lake system; injuries to wetlands
adjacent to the disposal areas for ionic wastes; the physical impact of ionic wastes on historic
wetlands; and the impact of ionic wastes on macrophytes. These studies may demonstrate

further natural resource injury and associated lost services that must be restored.

The plan specifies the preparation of an injury assessment report which details the
injuries to the resources of Onondaga Lake. Where appropriate, mapping of injured resources
is the preferred method of presentation. The assessment report will contain an inventory of
injuries which will include locations, durations and concentrations of substances exceeding
injury criteria that meet the definition of injury under the regulations for each substance of
concern known to have caused an injury to the natural resources of the Onondaga Lake system.
In addition, the report will contain documentation of injuries’which are not directly
demonstrable by comparison to a numerical standard. Among injuries in this category is the
coldwater fishery of Onondaga Lake which has been adversely impacted by releases of ionic
wastes from Allied which resulted in density-induced stratification and contributed to anoxia in
Onondaga Lake (UFI 1994).

13320DAP.DOC (WR R96-1) Onond Lake N i@ n 4 Plan
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BASELINE DETERMINATION

~

In order to quantify injury to the natural resources of Onondaga Lake, the injured
resources and the services provided by the injured resources of Onondaga Lake must be
compared to a baseline level. The plan provides an appropriate means of quantifying the
baseline level of the resources and services associated with each of the resources that has been
injured by releases of substances of concern from Allied. In general, historical information is
insufficient to document baseline so baseline is to be determined primarily by comparison to an
appropriate reference system(s). Baseline for surface water and sediment resources is to be
provided by comparison to a reference lake(s) for injuries in Onondaga Lake or upstream data
for injuries in the tributaries and the Seneca/Oswego River. Baseline for geologic and
groundwater resources is provided by comparison of results to background levels provided by
literature values and upgradient monitoring wells, respectively. Baseline for biologic resources
is provided by comparison to conditions in a reference lake(s) or a reference system in the case
of wetlands. Baseline for air resources is not proposed at this time as injuries to air resources
have not been determined. Comparison of the baseline level of the resources and associated
services to the existing level of the resources and associated services in Onondaga Lake will
quantify the injuries. Once injuries are quantified, a plan can be developed to restore, replace

or acquire the equivalent of such natural resources to the baseline level.

RESTORATION PLANNING

Restoration of natural resources via a damage claim can include the restoration,
replacement or acquisition of the equivalent of the injured resources (and their services) (§
107(f)(1) of CERCLA). Remedial actions are currently beiné considered for the Onondaga
Lake system as a part of the CERCLA site remediation efforts. Some of these efforts will, in
part, restore resource services lost as a result of releases of substances from Allied. The extent
of restoration to be completed through the site (Onondaga Lake system and adjoining Allied
properties) remediation efforts is largely unknown at this time. In order to develop this plan
assumptions were made regarding the extent of restoration to be expected through the remedial

efforts. These remedial assumptions include the elimination of the site as a source of hazardous
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NORMANDEAU ASSOCIATES

organic substances, mercury and lead to Onondaga Lake and its tributaries and a reduction in
the migration of ionic wastes, resulting from former or current Allied activities, to Onondaga
Lake and its tributaries. Some remediation of substances of concern in the sediments of the
tributaries and Onondaga Lake is also expected to be accomplished through the remedial

program.

The injuries determined and quantified through the injury assessment and baseline
determination portions of the plan represent 2 set of ecological and human services that must be
restored. A list of potential restoration options is presented in the plan. These restoration
options will be considered while planning restoration. This list is not all inclusive. Addition of
restoration options and refinement of those described above will occur as this Onondaga Lake
Damage Assessment plan is implemented. The services lost as a result of the release of
substances of concern by Allied to the Onondaga Lake system and potential restoration options

are summarized in Table E-2.

Alternatives for the restoration of the resources and associated lost services may
include individual restoration options or groups of options. Restoration planning will include:
the identification of a reasonable number of alternatives with a clear statement regarding which
services are to be addressed by each alternative; the selection of one or more of the alternatives
with documentation of the rationale for the selection; an inventory of the actions required to
implement the alternative; and finally, an identification of the methodology that will be used to
determine the cost of implementing the chosen alternative. Restoration costs will then be

determined.

COMPENSABLE DAMAGE DETERMINATION

The purpose of the damage determination phase of the natural resource damage
assessment process is to establish the amount of money to be sought in compensation for
injuries to natural resources resulting from the release of a hazardous substance to the

environment. [43 CFR §11.80(b)] Damages are defined to include:

~
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NORMANDEAU ASSOCIATES

the cost of restoration, rehabilitation, replacement, and/or acquisition of the
equivalent of the injured natural resources and the services those resources
provide, and :

the compensable value of all or a portion of the services lost to the public
for the time period from the discharge or release until the attainment of
restoration, rehabilitation, replacement, and/or acquisition of the equivalent
of the resources and their services to baseline. [43 CFR §11.80(b)]

Damages to compensate for lost service flows will be addressed through four

proposed economic damage studies:

A Recreational Impacts Assessment. An assessment of past, current and
future impacts on recreational activities in the assessment area resulting
from contamination of the environment of Onondaga Lake with hazardous
and nonhazardous substances.

An Added and Averted Cost Assessment. An assessment of the past,
present, and future impacts on dredging and other activities such as
wastewater planning associated with development of the Onondaga Lake
resulting from contamination of the environment of the lake with hazardous
and nonhazardous substances.

An Ecological Effects Study. A "habitat equivalency” assessment to
generate estimates of the cost of obtaining the equivalent of the quality and
quantity of natural resource services diminished as a result of the discharge
of hazardous substances to the environment of Onondaga Lake.

A Total Value Contingent Valuation Study. An application of the
contingent valuation method to generate an estimate of willingness-to-pay
by residents of New York State for actions to restore the environment of
Onondaga Lake.

The relationship of these studies to specific naturgl resource injuries and loss of

diminished service flows is summarized in Table E-3. The damages determined from these

studies will represent the compensable value losses resulting from the release of substances of

concern to the Onondaga Lake environment. These damages, coupled with restoration costs

will provide the basis for the damage claim to be used for the restoration of the injured

resources and their services lost as a result of releases of substances from Allied.
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TABLE E-3. ECONOMIC DAMAGE STUDIES PROPOSED TO ADDRESS SERVICE
FLOWS LOST OR DIMINISHED AS A RESULT OF CONTAMINATION OF
ONONDAGA LAKE.

Injury

Service Flows
Lost or Diminiched

Proposed Economic
Damage Study

Concentrations of mercury in
fish tissue sufficient to result in
government agency directives
regarding consumption of fish
from the lake. [43 CFR

§11.62(f)]

Concentrations of mercury and
organic compounds in lake
sediment sufficient to result in
added costs associated with
dredging of these sediments.
Stratification, particularly in
the Seneca River increases the
cost of wastewater planning.
[43 CFR §11.62(b)]

Injuries to surface water, sedi-
ments, geologic resources,
biota and groundwater at the
Allied plant site, in the tribu-
taries, in the lake and down-
stream of the lake as summa-
rized in Section 6.0 and Table
7-1.

Closure of fishery, reduction in
lake use for boating and swim-
ming,' aesthetic impairment,
reduction in use and enjoyment
of public lands adjacent to lake,
and other injuries to surface
water, sediments, geologic
resources, biota and groundwa-
ter at the Allied plant site, in
the tributaries of the lake, in
the lake itself and downstream
of the lake.

For the period 1970 - 1986 the
loss of the lake as a recreation-
al fishing resource, and from
1986 to today the lake has
provided reduced recreation
opportunities due to
consumption advisories.

Normal development and navi-
gational control in the lake has
been reduced. Wastewater
planning efforts are more
expensive.

Reduction in the ecological
services of quality habitat and
the quality and quantity of food
to biological resources of the
lake and its associated resourc-
es. Reduction in passive use by
humans of a healthy envi-
ronment.?

Reduction in a variety of direct
and passive services of the
lake.

Recreational Impacts Study

Added and Averted Cost Study

Habitat Equivalency Analysis

Total Value Contingent Valua-
tion Study

'Swimming has not been aliowed in Onondaga Lake for many years due to bacterial

contamination and water clarity.

*Passive uses are distinct from direct uses such as fishing, swimming and boating.

13320DAP.DOC (WR R96-1)
November 30, 1996

Onondage Lake Natural R

XXiii

ce Damage A Pian



NORMANDEAU ASSOCIATES

1.0 INTRODUCTION

New York State through the Commissioner of the Department of Environmental
Conservation (NYSDEC) has asserted trusteeship for the natural resources of the State under
Section 107(f) of the Comprehensive Environmental Response, Compensation and Liability Act
(CERCLA) and common law. The trustee asserts that the natural resources in and around
Onondaga Lake (Figure 1-1) have been injured by releases from Allied-Signal Inc. (Allied) of
hazardous substances as defined under CERCLA and non-hazardous substances. In addition,
the trustee asserts that releases of sugstances which are not defined as hazardous substances
under CERCLA (referred to as non-hazardous substances in this plan) by Allied have also
created a public nuisance under New York State common law. Allied is used throughout this
report to refer to Allied-Signal, Inc., its subsidiaries and all of the historical companies that
became Allied-Signal, Inc. and operated in the vicinity of Onondaga Lake.

Allied has maintained several chemical production plants in the vicinity of
Onondaga Lake since 1884 including a soda ash plant and a chlor alkali facility. Up until the
mid 1980's, these plants produced or used, directly or indirectly, hazardous chemicals
including BTEX compounds which include benzene, toluene, ethylbenzene and xylene,
chlorinated benzene compounds, polycyclic aromatic hydrocarbons (PAHs), mercury, lead and
ammonia. Non-hazardous chemicals that were used or produced include calcite, sodium and
chloride. Discharges of all the above mentioned substances from Allied facilities have been
documented. A natural resource damage claim is being pursued under CERCLA for the
hazardous substances released by Allied. A claim for natural resource damages related to the
non-hazardous substances is being brought under New York State common law. These natural
resource damage claims may be amended if future information indicates that additional

substances have been released by Allied to the Onondaga Lake environment.

In June 1989 the State of New York filed a lawsuit against Allied in United States
District Court seeking, in part, to recover damages for injury, destruction or loss of its natural
resources resulting from release(s) of hazardous and non-hazardous substances from Allied to

the Onondaga Lake system. New York State has proceeded with its claim, pursuant to 43 CFR

~
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NORMANDEAU ASSOCIATES

Part 11 (dated March 25, 1994), by issuing a preassessment screen for the Onondaga Lake
system (NYSDEC 1994). This document summarized the hazardous substances released, the
properties of the substances released, the probable pathways of the substances, the areas of
exposure, the affected resources and their services and the suspected sources. The report
concluded, "that there is a reasonable probability of making a successful natural resource
damage claim and that the time and expense of an assessment is justified” (NYSDEC 1994a).
Upon completion of a preassessment screen, the DOI regulations permit, under certain
circumstances, the development of an Assessment Plan (§ 11.30). These circumstances have
been met. New York State has ente;ed into a contract for the preparation of such a plan for the

Onondaga Lake System with Normandeau Associates.

As specified in 43 CFR § 11.10, "A natural resource trustee can determine
compensation for injuries to natural resources that have not been nor are expected to be
addressed by response actions conducted pursuant to the [National Contingency Plan] NCP."
As stated in Ward and Duffield (1992), "the purpose of a natural resource damage claim is to
make up the difference between the injury to the natural resource in its pristine condition and
the injury remaining to the natural resource after the initial CERCLA cleanup.” Under New
York State Common Law, the public has the right to abatement of conditions which cause a
public nuisance and for damages and/or restitution. The document herein provides a frame-
work to inventory and quantify injuries associated with the release(s) from Allied, identify
appropriate methods of restoring these resources and assign monetary value to pay for the

restoration and compensate the public for lost use and non-use values associated with the

injury(s).

The Final DOI Regulations specify material to be included in a natural resource
damage assessment plan brought under CERCLA. This plan has been organized in a manner
that allows the reader easy comparison of the content of the plan with the regulations. Where
possible, specific sections of the regulation have been referenced. The plan foliows the major
steps in the Type B NRDA process: namely, confirmation of exposure, pathway determina-
tion, assessment of injury including injury determination and quantification and damage
determination. The discussion of non-hazardous substances, while not regulated under

CERCLA, was organized in a similar manner, recognizing that some provisions of CERCLA
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cannot be applied to non-hazardous substances. Each substance released from Allied is
discussed individually in the injury determination portion of the plan except in cases where

releases, fate, transport, interactions and/or effects made it logical to group substances.

Plans for assessment of substances with documented releases and a clear pathway to
injured resources are further evaluated in the injury assessment section of the plan. Injuries
related to some releases of substances cannot be documented with existing data. These
substances are discussed in limited detail in this report or are targetted for further study, when

appropriate.

The organization of the Natural Resource Damage Assessment (NRDA) plan is
summarized in Figure 1-2. The NRDA plan relies on currently available information and is
designed to allow revisions as additional information becomes available. This version of the
NRDA plan relies extensively on information developed prior to, or as part of the Remedial
Investigation/Feasibility Study (RI/FS) process for Allied facilities to date. These reports are
referenced throughout the plan and the Appendices. The available information for many
Allied-related substances of potential concern is adequate to identify and quantify complete
exposure pathways (release, pathway, injury). Complete exposure pathways are suspected but
not documented for several additional substances. Several research studies, listed in Figure 1-2
and described later in the text, have been designed to determine whether complete exposure

pathways exist for these additional substances.

The injury assessment portion of the plan is most fully developed for those
substances for which adequate data exist. Some tasks described in later sections of the plan are
dependent on generation of information as the result of tasks described earlier in the plan.
Other tasks depend on the response actions that will be taken under the RI/FS process, which
are currently uncertain. Portions of the plan dependent on currently unavailable information
are presented in more general terms. As the results of earlier phases of the damage assessment
are developed, and RI/FS response action plans are formulated, the NRDA plan can be revised
as needed to provide more site-specific and cost-effective damage assessment planning. A
summary of the substances of concern for the Onondaga Lake system is presented in Table 1-1.

Additional substances may be added to this list if future information indicates that they
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were released from Allied. A summary of injuries that can likely be documented with existing
data is presented in Table 1-2. These injuries are discussed further in Section 6.0 and
Appendix B. Injuries and proposed baseline methodology are presented in Table 1-3. Injury

determination and baseline studies are discussed further in Section 7.0 and Appendix C.

The plan is organized around four major tasks to be accomplished to complete the
damage assessment. These are discussed in Sections 6.0 through 9.0. Sections 6.0 and 7.0
deal with determining and quantifying ecological services lost as a result of releases of
hazardous and non-hazardous substances from Allied. Section 8.0 deals with restoration of
services while Section 9.0 deals with the compensable damage determination and estimation of
lost use and non-use services. The plan also presents 9 specific research studies designed to
address specific questions regarding releases of substances from Allied, pathways from releases
to injuries, injuries or categories of damages. While a damage assessment could be completed
without completing all of the research studies, the results anticipated from some or all of the

research studies may be necessary to insure appropriate recovery for all injured resources.

N
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TABLE 1-1. LIST OF SUBSTANCES OF CONCERN IN ONONDAGA LAKE.

BTEX Compounds
Benzene
Toluene
Ethylbenzene
Xylene

Chlorinated Benzene Compounds
Monochlorobenzene
1,4-Dichlorobenzene
1,2-Dichlorobenzene
1,3-Dichlorobenzene
1,2,4-Trichlorobenzene
1,2.4,5-Tetrachlorobenzene
Pentachlorobenzene
Hexachlrobenzene

Polycyclic Aromatic Hydrocarbons
(PAHs)’

Polychlorinated Biphenyls (PCBs)

Pesticides

+

Metals

Methylmercury
Total mercury
Cadmium
Chromium
Copper

Lead

Nickel

Zinc

Ionic Wastes?

Ammonia (un-ionized)
Ammonia (total)
Calcite

Chloride

Sodium

'A list of specific PAHs can be found in Tables D1-D6 of Appendix D.
Jonic Wastes, except for ammonia are not CERCLA listed hazardous wastes.
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TABLE 1-2. SUMMARY OF INJURED NATURAL RESOURCES ASSOCIATED

WITH SUBSTANCES KNOWN TO HAVE BEEN RELEASED BY
ALLIED BASED ON A REVIEW OF EXISTING DATA'.

SURFACE WATER

SUBSTANCE

OF CONCERN WATER SEDIMENT AIR GEOLOGIC BIOLOGICAL GROUNDWATER
BTEX Compounds Xt X0 Xdef Xrcde
Chlorinated Benzene X® X Xdef Xed
Compounds
PAH Compounds XP X*® Xede! acde
Mercury X*b xXab Xde.Lh Xab Xdh
Other Metals (lead) x¢ X
lonic Wastes Xoe X0 Xede

Location of Injured Natural Resource:
*Onondaga Lake
*Tributaries to Onondaga Lake
‘Semet Residue Ponds
Willis Avenue Plant
*Petroleum Storage Area
fAssociated Hotspots
tSeneca River and Downstream
"Bridge Street Plant

'Only injuries with documented releases from Allied and demonstrated pathways from the
releases to the injured resources are included; X indicates injury.
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NORMANDEAU ASSOCIATES

2.0 AREA AFFECTED BY ALLIED DISCHARGE

This purpose of this section is to describe the physical setting of the study area and set
the study area boundaries based on specific data relating Allied discharge(s) to quantifiable
effects on the natural resources associated with the Onondaga Lake system. The boundaries of
the study area generally include all areas in the vicinity of Onondaga Lake where Allied
released hazardous and non-hazardous substances and all areas associated with the Onondaga
Lake system where injuries to natural resources attributable to those releases have occurred.
Rationale for selection of these bounziaries is presented below based on preliminary estimates of
the extent of natural resource harm in the area (NYSDEC 1994). Where possible, the limits of
the study area are delineated by known violations of New York State water quality standards
which are based on the classifications presented in Table 2-1. The boundaries presented herein
are subject to revision if data reviewed or generated during the implementation of this plan

suggests alternative boundaries are more appropriate.

2.1 LOCATION OF RELEASES OF HAZARDOUS AND NON-HAZARDOUS
SUBSTANCES TO THE LAKE SYSTEM

Allied has a long history of chemical manufacture in the Syracuse, New York area. A
direct result of this chemical manufacture has been the generation and disposal of large
quantities of hazardous and non-hazardous substances as byproducts of the chemical synthesis
process (PTI 1992). Discharges over the years have taken the form of point discharges of
process water, direct disposal of solid, semi-solid and liquid wastes to surface water and land
disposal of liquid and solid wastes in the vicinity of the lake. The result of these activities has
been that, despite the fact that all production at the chlor-alkali facility, which produced caustic
soda (NaOH), caustic potash (KOH) and chlorine (CL,), ceased in 1986, wastes continue to
enter the lake from groundwater seepage, overland flow from the site and shoreline and
streambank erosion in the lake itself and in tributary streams entering the lake. Major sites of
historic and present discharge by Allied are presented in Figures 2-1 and 2-2. There may be
other sources of some of the substances of concern in the vicinity of Onondaga Lake. A

discussion of these other sources is outside the scope of this document. The history of
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TABLE 2-1. NEW YORK STATE WATER QUALITY CLASSIFICATIONS FOR

ONONDAGA LAKE.'

Location
In Lake

NW end of lake

Bloody Brook

SE end of lake

Area around mouth of Ninemile Creek
Lower reaches of Ninemile Creek
Harbor Brook

Onondaga Creek

Ley Creek

Downstream

Onondaga Lake Outlet

Seneca River (Onondaga L. outlet to Three Rivers)
Oswego River (Three Rivers to Phoenix)

Lake Ontario

~

Classificati

noOonNNO0Oww

> www

Class A fresh surface waters. The best usages of Class A waters are as sources of water

supply for drinking. culinary or food processing purposes and any other uses.

Class B fresh surface waters. The best usages of Class B waters are primary and
secondary contact recreation and fishing. These waters shall be suitable for fish propaga-

tion and survival.

Class C fresh surface waters. The best usage of Class C waters is fishing. These waters
shall be suitable for fish propagation and survival. The water quality shall be suitable for
primary and secondary contact recreation, although other factors may limit the use for

these purposes.

Class D fresh surface waters. The best usage of Class D waters is fishing. Due to such
natural conditions as intermittency of flow, water conditions not conducive to propagation
of game fishery, or stream bed conditions, the waters will not support fish propagation.
These waters shall be suitable for fish survival. The water quality shall be suitable for
primary and secondary contact recreation, aithough other factors may limit the use for

these purposes.
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NORMANDEAU ASSOCIATES

Allied activities in the vicinity of Onondaga Lake has been summarized, at least in part, in the

RI/FS site history report (PTI 1992a).

The history of discharge can be organized based on releases from five sites
currently being investigated: the Semet Residue Ponds and the Willis Avenue Plant, Site Nos.
734008 and 734026, respectively on the New York Registry of Inactive Hazardous Waste Sites,
Onondaga Lake system, Site No. 734030 (by consent decree dated March 17, 1992, under
State Law and CERCLA pursuant to NCP, 40 CFR 300, and applicable State and federal
guidance); the LCP-Bridge St. Piant}USEPA ID No. NYD095586376); and the Solvay Waste
Beds Site (Figure 2-2) where a field investigation and feasibility study are being conducted via
consent order under the auspices of the New York State Division of Hazardous Waste

Remediation.

2.2 DISTRIBUTION OF CONTAMINATION

The distribution of hazardous substances in the Onondaga Lake environment is
described in the Onondaga Lake RI/FS Substance Distribution Data Report (PTI 1993a).
Sufficient evidence exists to demonstrate injuries to Trust resources related to these substances
(Table 1-2) throughout the Lake. However, while this report and other reports relating to
remedial actions on the site describe in some detail the distribution of contamination in
Onondaga Lake and several of the tributaries in the vicinity of historical Allied activity, they do
not address the migration of contaminants out of the lake through the outlet to the Seneca and

Oswego Rivers or migration of contaminated biota from the lake.

2.2.1 Surface Water and Sediments

Contamination of the surface and tributary waters of Onondaga Lake and the
sediments underlain by these waters is most severe near the point(s) of discharge of the
substances. From these points in space and time, concentrations of substances in water are

reduced by dilution, precipitation, sedimentation, transformation and to a lesser extent
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evaporation, and sublimation. Sediment concentrations of mercury above expected natural
background levels have been reported throughout the lake (PTT 1993a). Effler (1987) has
documented the presence of a density stratification layer in the lake which has decreased in
strength in recent years in response to decreases in loading of ionic substances. The Seneca
River (described further in Section 6.8.4) and the Oswego River have also exhibited density
induced stratification caused by the migration of high ionic strength water from the lake. This
layer extends, at times, as far downstream as the dam in Phoenix. This downstream stratifica-
tion has contributed to dissolved oxygen depletion in the lower waters of the river and as a
result likely increased nutrient cycling from the sediments as well as restricted habitat for biota.
Calcium and calcite deposition has accelerated the "filling in" of the lake and caused the
formation of oncolites and light, flocculent sediment in the littoral zone restricting the growth
and distribution of macrophytes (Madsen et al., 1992,1995). Other contaminants released by
Allied appear to be distributed over a smaller area than mercﬁry and ionic wastes (Blasland and
Bouck 1989, O'Brien and Gere 1991, 1993, PTI 1993a, 1993b).

2.2.2 Groundwater

Contamination of groundwater is most severe below the waste beds and downgrad-
ient of the Semet Residue Ponds, Willis Avenue Plant and Bridge Street Plant. Groundwater
contamination migrates from that point downgradient towards the lake. Once in the lake,
concentrations of substances are diluted. The wastebeds are generally close to the lake. In
most instances, groundwater contamination from the wastebeds encompasses the entire area
between the wastebeds and the lake. Groundwater contamination is also present in the vicinity

of several former Allied production facilities including the Bridge Street Plant.

*

2.2.3 Geologic Resources

Contamination of soil is generally limited to the area of the wastebeds and the
berms surrounding them; the Semet Residue Ponds, the Willis Avenue Plant and the Bridge

Street Plant sites. In places where the wastebeds have overflowed onto adjacent ground and not
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directly intc surface water, there is additional soil contamination. Again, the wastebeds are
generally close to the lake and discharge to the lake so land-based contamination is limited to

the general area of the wastebeds.

224 Air

Contamination of air resources from the site has been reported in several verbal
accounts. The only quantitative dat:: regarding a violation of air standards is an exceedence of
the standard for benzene immediately over the Semet Residue Ponds (NYSDEC 1991 unpub-
lished).

2.2.5 Biota

Most of the reported contamination of water, sediments, groundwater, geologic
resources and air is generally reduced downgradient of the source. Some of these same
substances are accumulated by biota in concentrations higher than those found in the surround-
ing media. These biota can then transport the contamination to other areas. This makes
delineation of the area of contamination for biota more difficult than for the other relatively
immobile resources or resources within which contamination moves in relatively predictable
ways. For purposes of this study, injuries to biota are assumed to encompass all of the areas
defined for other resources. In addition, wetland and uplands considered contiguous with the
lake were included insofar as they have the potential to support populations of flora and fauna
that depend at least in part on the lake for survival. The potential for these resources to be
contaminated is fairly high given the level of contamination observed in the lake. An example
is provided by Bode et al. 1993, who concluded that Ninemile Creek in the vicinity of Allied
was severely impacted based on macroinvertebrate sampling. Fish, birds and mammals can
and, in all likelihood do migrate from the site. Tagged walleyes from Onondaga Lake were
found in Oneida Lake in the spring of 1995 (NYSDEC 1995). Mammals may also be injured
and leave the site. However the pathway from Allied to injured biota (fish and possibly

mammals) becomes less clear once they have left the site. At this time, the extent of the study
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area for documenting injury to biota is limited to the areas where injuries to habitat (other
resources) for injured biota can be demonstrated. If future information including results of
studies proposed in this plan indicates that biological resource injuries are occurring outside of
this defined study area and that these injuries can be linked to releases of hazardous or non-

hazardous substances by Allied, they shall be investigated, quantified and included at that time.

2.3 BOUNDARIES OF STUDY AREA

Based on the information currently available on the Onondaga Lake environment
and releases to this system by Allied, the boundaries of the damage assessment study area have
been designated as the entire lake including all sediments and bordering wetlands, contiguous
upland areas, the boundaries of all listed active or inactive Allied-related hazardous waste sites,
any other locations in the vicinity of Onondaga Lake or its tributaries where Allied released or
disposed of wastes, tributary streams passing through Allied active and inactive hazardous
waste sites including Ninemile Creek, the East Flume and Tributary 5A, Harbor Brook as well
as the outlet of Onondaga Lake, the Seneca River upstream from the Outlet to the upstream
boundary of density induced stratification, the Seneca River from the Outlet to the Three Rivers
junction and the Oswego River from Three Rivers to the Phoenix Dam. This determination of
the boundaries of the study area is based on existing data and should not preclude the addition
of areas in the future based on the results of further studies. The features used above to

describe the boundaries of the study area are presented in Figures 1-1, 2-1 and 2-2.
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3.0 DECISION ON TYPE A OR B ASSESSMENT

The Natural Resource Damage Assessment (NRDA) regulations (43 CFR Part 11)
provide guidance for Type A assessments and Type B Assessments. The guidelines for
developing an assessment plan require presentation of the rationale for selecting between a
Type A or Type B assessment. The study area in question, the Onondaga Lake system, as it
has been impacted by the release of hazardous and non-hazardous substances from Allied-
Signal, Inc. does not meet the deﬁmtlon of a coastal or marine environment as defined in §
11.41(b). Therefore, the Type A standardlzed assessment procedures do not apply. This
assessment plan has therefore been developed to conform to the Type B Assessment procedures
detailed in 43 CFR 11 Subpart E. These Type B procedures allow a range of alternative
scientific and economic methodologies to be used for Injury Determination, Quantification and

Damage Determination.
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4.0 CONFIRMATION OF EXPOSURE

This section presents the results of the confirmation of exposure for the Onondaga
Lake system and has been prepared in accordance with 43 CFR 11 § 11.34 which requires
documentation that at least one resource has been exposed to the release of hazardous sub-
stances. Confirmation of natural resource exposure to at least one hazardous substance 1s
required in order to use the Type B methodologies in the assessment plan (§ 11.34(a)(2)). We
will use the exposure of fish to mercury released by Allied and closure of and subsequent

consumption advisory with respect to the fishery for confirmation of exposure.

Mercury was used extensively by Allied-Signal Inc. at the Willis Avenue Plant
from 1947 to 1977 and at the Bridge Street Plant from 1953 to 1979 as a part of the chlor-alkali
process. In 1979, LCP bought the Bridge Street Plant and operated it until 1988. Between
1946 and 1970 approximately 75,000 kg of mercury (combined total from both plants) were
lost through the process and released to the Onondaga Lake environment without a discharge
permit (USEPA 1973). The daily mercury load from the facility was reduced from 10 kg/day
to 0.5 kg/day after the U.S. Department of Justice took legal action against Allied in the
summer of 1970. This legal action resulted in the addition of a mercury removal unit and
diversion of the discharge from the Onondaga Lake tributaries to the Solvay wastebeds. A
discharge permit allowed the continuing discharge of 0.028 pounds of mercury per day to the
West Flume. Also at that time, Onondaga Lake was closed to fishing due to mercury contami-
nation in fish tissue. In 1986 with closure of the soda ash facility on Onondaga Lake, direct
inputs to the wastebeds ceased. However, since closure, mercury has been reported in the soils
on Allied property (O'Brien and Gere 1993a) and the sediments of Ninemile Creek and
Onondaga Lake (PTI 1993a, CDR 1991, NYSDEC 1989) in concentrations well in excess of
NYS soil cleanup objectives and sediment criteria. Recent m::rcury mass balance investigations
indicate that Ninemile Creek and residual mercury in the METRO system continue to contrib-
ute a large percentage of the mercury load to Onondaga Lake (PTI 1993b, Wang 1993).
Allied’s contribution to the historical and ongoing mercury load from METRO will be

evaluated during the conduct of the damage assessment.
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Intensive fisheries sampling in Onondaga Lake was conducted from 1970 through
1992. In 1970, 13 species of fish were analyzed for mercury in flesh with nearly all concentra-
tions exceeding the FDA action level of 1.0 ppm. As a result, Onondaga Lake was closed to
fishing. Since that time fish tissue has been monitored almost annually, with smalimouth bass
as the primary indicator species. Trends from 1970 to 1990 (Effler 1987, and Ringler et al.
1995) indicate fish flesh contamination in smallmouth bass decreased through the 1970's
followed by increases in the 1980's. Of the smallmouth bass analyzed from 1981 to 1990, 95%
exceeded the FDA action level for mercury in fish flesh. Onondaga Lake was reopened to
fishing in 1986 with a consumption aévisory that fish from the lake are not to be eaten. The
fishery remains highly impacted by historic mercury releases from Allied which has resulted in

the continuation of this advisory.

Elevated mercury concentrations in Onondaga Lake fish as discussed above
confirm that one resource in Onondaga Lake (the fish) and an associated service (the sport
fishery) has been exposed and adversely impacted by the release of mercury from Allied. In
addition, it is documented in Section 6.6 that mercury is present throughout the pathway to the
fisheries, namely the soil, groundwater, sediments and water of Onondaga Lake. This SCenario
fulfills the confirmation of exposure requirement (§ 11.34) of the damage assessment regula-
tions and allows the trustees to continue with the preparation of a natural resource damage

assessment plan using the guidelines for a Type B assessment.

13320DAP.DOC (WR R9¢-1) Onondaga Lake Natural Resource Damage Assessment Pian
November 30, 1996 21



NORMANDEAU ASSOCIATES

5.0 COORDINATION WITH RI/FS ACTIVITIES

This plan has been prepared with the full participation of the agencies responsible
for the remedial response actions under the CERCLA action brought by the State against Allied
Signal Corp. in U.S. District Court, Northern District of NY as well as those responsible for
the National Priorities List (NPL) site under CERCLA which encompasses the entire Onondaga
Lake system. These latter NYSDEC staff have fully informed the Natural Resource trustees of
the scope, breadth and schedule of all response actions under CERCLA with reference to these
sites to date. Data collected as a part of the remedial actions associated with Allied and the
lake has been considered in this plan. This plan is being prepared prior to completion of the
response actions under CERCLA. As such, the future extent of remediation under CERCLA is
currently not known with certainty. Where specific response actions are known, they have
been considered in the preparation of this plan. Where they are not yet known because of
dependence on investigations in progress, this plan makes assumptions about the probable
extent of remedial activities. Where appropriate, data from the RI/FS have been incorporated
into this plan in the confirmation of exposure, documentation of releases, pathway determina-
tion, the injury determination, and the injury quantification portions of the plan. Sampling,
analytical and quality assurance procedures developed as a part of the RI/FS have been
incorporated into sampling plans for the natural resource damage assessment either explicitly or
by reference. The use of similar protocols in the RI/FS and the natural resource damage
assessment is critical to insure that data collected are comparable, particularly in cases where

work proposed in this plan builds on work conducted as a part of the RI/FS.

Individuals at the NYSDEC, the lead agency in the RI/FS development, have been
involved in the scoping and review of the damage assessment plan to insure that effort
expended in the recovery of damages through the damage assessment process does not
duplicate effort expended in the RI/FS process and that restoration proposed for natural
resources does not duplicate response actions that have been taken or are anticipated. This plan
has been prepared after full review of all documents that have been submitted under the RI/FS
process through June of 1994. This step was essential to avoid a duplication of effort under the
two programs or conflict between the two programs in data collection, evaluation and develop-

ment of remedial and restoration alternatives.
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5.1 SPLIT SAMPLES. PROCEDURES AND SCHEDULES FOR SHARING
DATA

Allied will be given the opportunity, as deemed appropriate by the Trustee, to
obtain validated data from studies conducted under this plan. Data requests should be made in

writing to the Trustee. Data will be provided when it is available.

Allied will also be given the opportunity, as deemed appropriate by the Trustee, to
split samples or obtain duplicate samples while sampling is being conducted under this plan.
Notice of the intent to collect split or duplicate samples should be made in writing to the

Trustee.
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6.0 TASK 1: INJURY DOCUMENTATION FOR THE ONONDAGA LAKE
SYSTEM ~
Purpose: To document which injuries are attributable to releases of hazardous and

non-hazardous substances by Allied to the Onondaga Lake system.

Approximate Cost: $200-300K (Does not include cost of specific research studies 1-5 described
in this section)

Task 1 (detailed in this section) provides guidance for determining injuries to the
natural resources within the study area as defined in Section 2.3. Task 2 (Section 7.0) provides
guidance for establishing a baseline level of services for the Onondaga Lake system. Injuries
will be quantified by comparing the results of this Task with Task 2 results. These quantified
injuries will then be used to develop a restoration plan (Task 3 - Section 8.0) and establish lost
use and non-use values (Task 4 - Section 9.0).

The natural resource injury assessment plan developed in this section has been
designed to establish that injury(s) have occurred and that the injury(s) are the result of the
release(s) of hazardous substance(s) (§11.61) and non-hazardous substances. A review of
existing data on the Onondaga Lake system for contaminants of concern is presented in the
RI/FS work plan for the site remedial actions (PTI 1991a). This review provides a basis for
our data assessment to the extent that data reviewed are relevant to the assessment of natural
resource damages. We have augmented this review with information and data collected under
the various ongoing Allied related remedial actions since 1991, peer reviewed publications, The
State of Onondaga Lake (UFI 1994), NYSDEC and other State agency publications, research
reports from the Onondaga Lake Management Conference and other university and govern-
mental unit reports. These publications and reports are citedthroughout the plan as data are

discussed.

A discussion of general injury assessment procedures common to all contaminants
of concern for the Onondaga Lake system is presented below. The list of contaminants of
concern for the natural resource damage assessment is a modified version of the list presented

by PT1(1991a). The lists of substances of concern with respect to natural resource damages
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Table 1-1 was derived through consultation with the New York State Department of Environ-
mental Conservation and the New York State Department of Law. Subsequent sections are
organized by contaminant or group of contaminants where distribution and behavior of the

contaminants makes grouping logical.

The discussion of each contaminant contains general characteristics and effects in
the environment, source(s) of the substance(s) at Allied, discussion of releases, discussion of
the pathway(s) from Allied to the injured resource(s), and summary of injuries. Due to the
large volume of existing data availat;]c for some substances of concern, an evaluation of
existing injury data for BTEX compounds, chlorinated benzene compounds, PAH compounds,
mercury, other metals (lead), and ionic wastes is presented in Appendix B. A summary of the
Appendix B data review is provided in this section. The plan proposes both general tasks
common to all contaminants of concern (Section 6-1) and research studies specific to individual
contaminants or groups of contaminants (Research Studies 1 through 5 in Sections 6.2 through
6.8).

Details of the plans to quantify injury and establish baseline (general studies) are
provided in Appendix C. The results of these efforts will be used to evaluate restoration

alternatives and estimate lost use and non-use values.
Specific studies for individual or groups of contaminants will fill the data gaps and
allow the injury assessment to be completed. Summaries of the studies are provided in this

section. Some studies are dependent on the results of studies not yet completed or remedial

actions not yet undertaken. These studies are presented in general terms.

6.1 GENERAL INJURY ASSESSMENT PROCEDURES
6.1.1 Releases of Substances

The site history, production schedules and waste disposal of Allied are reviewed in
detail by O'Brien and Gere (1990), PTI (1991a) and PTI (1992a). Releases of hazardous and
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non-hazardous substances related to Allied are discussed in the hydrogeological study reports
on the Solvay Waste Beds (Blasland and Bouck 1989b), the Semet Residue Ponds (O'Brien and
Gere 1991a); and the Willis Avenue Plant, the petroleum storage facility and associated hot-
spots (O'Brien and Gere 1993a). Additional information on releases can be found in USEPA
(1973), Doerr et al. (1994), Effler et al. (1995) and Effler and Whitehead (1995). Major
physical site features related to Allied's production and disposal of hazardous and non-
hazardous substances are presented in Figures 2-1 and 2-2. Specific contaminants of concern
are not discussed further in the plan if releases of these substances from Allied have not been

documented.

6.1.2 Pathway Determination

The plan discusses only pathways from the releases of hazardous and non-hazard-
ous substances from Allied that have been documented (pathways from releases as yet
undiscovered will not be addressed in this plan). Should sources and/or releases of substances
other than those discussed herein related to the Allied operations be discovered in the future,
the pathway section will be more fully developed at that time. Pathways are discussed in the
plan as conceptual models of contaminant movement. Most contaminants of concern are
transported by water and through the food web. Data are sufficient to link injuries in the
Onondaga Lake system to releases from Allied for many of the substances listed in Table 1-1.
If a substance with a known release from Allied has no demonstrable pathway to injured
resources in the Onondaga lake system, this substance is not discussed further in this plan.
Studies may be proposed to establish a pathway for some of these substances. If the results of
these latter proposed studies indicate that a pathway does exist, this plan would be revised to

- . . . . - > -
include an evaluation of natural resource injuries associated with the release of the substances.

6.1.3 Injury Assessment

The discussion of injuries in this plan is limited to those injuries caused by

substances confirmed to have been released by Allied and for which there is a clear pathway
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from the release to the observed injury. This plan may be revised in the future if additional

releases, pathways or injuries are documented.

A review of historical monitoring information for substances of concern specific to
Onondaga Lake is presented in the Onondaga Lake RI/FS Work Plan (PTI 1991a). This report
summarizes hazardous and non-hazardous substance data collected prior to 1991, including
studies conducted by the New York State Department of Environmental Conservation
(NYSDEC 1989), identifies data gaps and proposes studies to be conducted during the remedial
investigation. The results of these st*udies comprise much of the recent data on the lake and are
provided in subsequent data reports (PTI 1993a, 1993b, 1993c, 1993d, 1993e, 1993f, 1993g).
Much of the data presented in these data reports are directly applicable to the assessment of
injuries to natural resources. The most comprehensive sets of data on the concentrations and
distribution of many of the substances released by Allied to the Onondaga Lake system can be
found in the Substance Distribution Report and Appendices (PTI 1993a, 1993c¢), and the

Mercury and Caicite Mass Balance Data Report (PTI 1993b, 1993e). Injuries related to the
discharge of mercury are also presented in USEPA (1973), Bioom and Effler (1990), Wang

(1993), Driscoll and Wang (1995) and NYSDEC (1989). Injuries related to ionic waste
discharges are also documented in Doerr et. al. (1994), Effler et al. (1995), Effler and White-
head (1995) and Rowell and Effler (1995).

A hydrogeologic investigation has been completed at the Solvay Waste Beds
(Blasland and Bouck 1989b). Remedial investigations have been undertaken at the Semet
Residue Ponds (O'Brien and Gere 1991a, 1991b) and at the Willis Avenue Plant, Petroleum
Storage Facility and hot spots associated with the Willis Avenue Plant (O'Brien and Gere 1990,
1993a, 1993b, 1993c). These three sites, historically operated by Allied, have been identified
as sources of hazardous and non-hazardous substances to the Onondaga Lake system. An
investigation of Ninemile Creek was also conducted (CDR 1991a). This latter study evaluated
sources of substances to the Ninemile Creek system and the impacts of those substances on the

biological community.

Acceptance criteria for demonstration of injury to natural resources caused by

releases of hazardous substances from the NRDA regulations (43 CFR Part 11) are presented in
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Appendix A. In addition to injury acceptance criteria based on exceedence of standards or
resource-specific responses, the regulations generally allow the presence of the contaminant in
a resource in sufficient concentrations to have caused injury to another resource as a demon-

stration that the resource has been injured.

This plan uses the term injury criteria to denote a benchmark for measuring injury.
The proposed injury criteria discussed herein, are generally the lowest criteria, standard or
response level found in a review of state and Federal standards, criteria and guidance values
except when available data could not be appropriately compared to the lowest criteria, standard
or response level. For example, it may not bc. appropriate to compare chronic criteria in
surface water that are based on 4-day average concentrations to instantanecus concentrations of
water quality parameters. A review of criteria, standards, guidance values and proposed injury
criteria for the substances of concern in the natural resources of the Onondaga Lake system are
presented in Appendix D. It is assumed in the discussion of substances of concern that the
injury criteria proposed herein in this plan are appropriate benchmarks for documenting natural
resource injuries. The injury discussion would be modified if the trustees decide to use
alternate injury criteria. This plan has been developed so that the injuries defined by
exceedence of injury criteria or the presence of resource-specific responses identified in the
regulations are evaluated first. If this evaluation does not indicate that injury has occurred,
potential effects on other resources are considered. In the case of injury criteria for soils and
sediments, the NYS cleanup levels and sediment criteria, respectively are used as screening
criteria for injury in this plan. Final decision on an injury criteria for soils and sediments has

not been made.

Acceptance criteria for demonstration of injury to natural resources caused by
releases of non-hazardous substances are not covered by the NRDA regulations. There are no
concentration standards for use in the demonstration of injury for most of the non-hazardous
substances included in this plan. The discussion of injuries related to the release of non-
hazardous substances by Allied is centered around the direct and indirect effects of these
substances on the lake system, demonstration that Onondaga Lake does not function like a
typical lake system and that desired human uses and ecological services provided by the lake

system are precluded or diminished because of the presence of these non-hazardous substances.
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Where there are standards and/or criteria for non-hazardous substances, exceedences are

discussed.

Injuries to the natural resources and associated ecological services of the Onondaga
Lake system are documented in this s;ection. Secondary services such as recreation are
discussed in Section 9.0. Sufficient data exist to document many injuries associated with
releases related to Allied operations. However, much of the data used in the preliminary injury
assessment presented in this plan are related to the ongoing remedial actions, have not been
formally accepted by the NYSDEC to date and are not available in electronic form. We
recommend delaying implementation of the portions of the plan that rely on data from the
remedial action until these data receive formal acceptance by NYSDEC and are available in
electronic form. The preliminary evaluations made in this plan (this section and Appendix B)
are based on the provisiona! data found in remedial action reports and will be modified, if
appropriate, once the data are formally accepted. Where there are insufficient data, the plan
specifies either collecting additional data or not pursuing the injury at this time. Specific
subtasks to be completed to assess specific injuries to the Onondaga lake system related to
documented releases by Allied are detailed below. Unless otherwise specified, these subtasks
will be completed using existing data.

1) Data on Allied releases of substances of concern that have caused natural
resource injuries to the Onondaga Lake system will be compiled building
on the review presented in this plan.

2) Data documenting pathways from releases of substances of concern to
natural resource injuries in the Onondaga Lake system will be compiled
building on the review presented in this plan.

3) Data regarding injuries documented during the injury assessment will be
entered into the geographically based data set developed in conjunction
with the remedial program, if appropriate. This data set will be used to
estimate guantities of resources that have been injured by comparison to
baseline data (Section 7.0, Task 2).

~
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4)

5)

6)

8)

9)

Locations, durations and concentrations of substances exceeding injury
criteria that meet the definition of injury under the regulations will be
calculated for each substance of concern known to have caused a surface
water injury (Table 6-7).

The extent and volume of water that did not meet the dissolved oxygen
standards for each year since the facility began operations will be calculat-
ed, using an existing lake model (Doerr et al. 1994) and historic ionic
substance loading data. Simulations will also be made into the future until
the restoration is expected to be complete. The results of this effort will be
used to estimate the amount of cold water fisheries and aquatic life habitat
that must be restored.

Volumes of sediment that meet the criteria of injury under the regulations
will be calculated for each contaminant associated with a sediment injury.
Sediment contamination will be mapped using GIS. Places where sedi-
ments are injured by more than one contaminant will be identified. Sedi-
ment data will be evaluated using the discussion of implementation of
sediment criteria for screening (NYSDEC 1993). These data will also be
used to evaluate sediment restoration techniques.

The volumes of contaminated soil that meet the definition of injury under
the regulations will be calculated for each substance of concern associated
with a soil injury. Soil contamination will be mapped using GIS. Places
where soils are injured by more than one contaminant should be identified.
These data will be used to document releases and pathways of substances
and geologic injuries attributable to releases of these substances. The
contamination of the soils (geologic resources) provides a continuing source
of contamination to the groundwater and ultimately the surface waters,
sediments and biota of the study area. As a source of contamination to
other resources, soils on site meet the definition of injury (Appendix A).
Places where soil contamination is a source of contamination to other
natural resources will be identified.

The volume of contaminated groundwater will be estimated for each
substance of concern associated with an injury. Groundwater contamina-
tion will be mapped using GIS. Places where groundwater is injured by
more than one contaminant will be identified. These data will be used to
document releases and pathways of substances of concern and groundwater
injuries anributable to releases of these substances..

Past and present population estimates and/or catch per unit effort data for
all species of fish currently in Onondaga Lake, in tributaries in the vicinity
of the Allied facility and in the Seneca River between the outlet from
Onondaga Lake and the Phoenix dam will be compiled. These estimates
will be compared to baseline.
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10)  Numbers of fish and biomass in excess of and below the mercury criteria
for fish flesh contamination will be estimated. This estimate will be made
using existing fisheries population data, if available, and contamination
data.

11)  The community composition of the Onondaga Lake aquatic community will
be evaluated including macroinvertebrates, phytoplankton and zooplankton
using existing data. These data will be compared to baseline and used to
evaluate the success of restoration.

12)  Areas of macrophytes and wetlands related to the site will be estimated.
Results of researsh studies 3, 4 and 5 (Section 6.8.5) will be incorporated
into this analysis. Uses of wetlands and macrophytes as habitat for aquatic
life, fisheries and wildlife will be included. These data will be used to
characterize the nature and extent of wetlands, and macrophytes to be re-
stored.

13)  Wildlife populations and critical habitat information in the vicinity of the
site will be compiled from existing data to the extent possible. This will
include any information on current uses by wildlife of the Allied property
and the adjacent wetlands and shore areas. In particular, the results of the
Ecological Risk Assessment currently being completed as a part of the
remedial action will be reviewed. Although injuries to wildlife cannot be
documented with data reviewed to date, if injuries are determined to have
occurred, this plan will be revised to include wildlife injuries or studies to
further demonstrate them and the results will be compared to an appropriate
baseline.

14)  If additional data must be collected on any of the resources listed above, a
project-specific sampling and analysis and quality assurance plan will be
developed using methods from PTI (1991b and c¢) wherever possible to
ensure that data are comparable to the extensive data set already collected.

15)  An injury assessment report will be prepared which details all injury
assessment methodologies and summarizes the results of 1-14 above as well
as the results of the baseline investigation proposed in Section 7.0.

This report will include a comparison of injuries in Onondaga Lake to
baseline which will serve to quantify natural resource injury to the Onon-
daga Lake system attributable to releases of substances of concern from
Allied.

Once the above data have been compiled and mapped, the entire nature resource
database will be reviewed. It may be necessary or desirable to collect some limited additional

data to quantify injury in selected areas. Data collection methods that are not specified in PTI
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(1991b) are detailed in Appendix C. These focused investigations cannot be developed until
the later stages of the injury assessment. Data compiled and collected during this effort will be

compared to data collected through the plan for baseline determination in Task 2 (Section 7.0).

6.2 BTEX COMPOUNDS
6.2.1 Introduction to BTEX Compounds

BTEX compounds include benzene and benzene derivatives; toluene, ethylbenzene
and xylenes. These compounds are generally associated with the distillation of coal and
petroleum fuels.

Physical characteristics of these compounds are similar. Those characteristics that
are relevant to the Allied site are reviewed in PTI (1991a) and briefly summarized here. In
general, the water solubility of these compounds is moderate with xylenes being least soluble
and benzene most soluble. The compounds are highly volatile and only slightly bioaccumula-
tive. Bioaccumulation factors range from 6.5 for benzene to 95 for ethylbenzene (PTI 1991a).

Densities are also low at approximately 0.87 g/cm’ (Merck 1983).

The aquatic fate of the BTEX compounds has been described in detail in USEPA
(1979). The primary fate is through volatilization. Increased volatilization rates have been
shown to occur when shallow waters become turbulent (USEPA 1979). Another possible fate
is through sorption; more so for toluene and ethylbenzene than benzene. Bioaccumulation and
biodegradation are less likely pathways for the BTEX compounds because of the relatively
limited extent of these processes. Potential injury criteria for BTEX compounds are presented

in Table 6-1.
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TABLE 6-1. PROPOSED INJURY CRITERIA FOR BTEX COMPOUNDS".

SURFACE
WATER SEDIMENTS® AIR SOIL* BIOTA GROUNDWATER
(xg/) gy ke Geke (ke (g
Benzene | 1950 12 30 60 - 0.7
Toluene 10,000 - 8900 1,500 -- 5
Ethylbenzene 3,100 - 100,000 5,500 - 5
Xylenes --* - 100,000 1,200 - 5

1See Appendix D for summary of available standards, criteria and guidance values.

b dashed lines means injury criteria not available.

*For purposes of this plan, values are being used as screening criteria for injury. Decisions on
final injury criteria for the assessment have not been made.

6.2.2

Historic activities in the vicinity of Onondaga Lake by Allied have involved the
use, production, storage and disposal of BTEX compounds. Sources of contamination from
Allied can generally be divided among two categories; 1) spills and releases associated with
consumption of or production of BTEX compounds and 2) discharges of process waste
including BTEX compounds to the land surface, waste lagoons or watercourses in the vicinity
of the plant. These are discussed below. Production and waste discharge of BTEX compounds
is reviewed in detail in PTI (1992a).

6.2.2.1  Production, Consumption and Spills

The Willis Avenue Plant produced chlorinated benzene compounds from 1918 to
1977 from benzene and chiorine. It is estimated that 280,000 tons of benzene were used in the
process at this facility between 1918 and 1977 (PTI 1992a). While benzene was a raw material
and not a product of the process, unreacted benzene was likely present in the wastestream. The

Willis Avenue Plant also produced :; number of benzene derivatives in a pilot plant or process.
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Coke ovens operated at the main plant location from 1892 to 1923. During that
time period it is estimated that 56,000 metric tons of tar and light oil was produced (which
included BTEX compounds) which was subsequently sent to the Benzol plant for refining (PTI
1992a). Records detailing production and disposal of wastes during this period are not
available. The Benzol Plant, located at the main plant location produced benzene, toluene,
xylenes and naphthalene by distillation of coke light oil from 1917 to 1970 (PTI 1992a). The
major products of this process were benzene, toluene and xylenes. No production records are

available for this facility.

Pure benzene was piped from the Benzol Plant to the Willis Avenue Plant to make
chlorinated benzene products. In addition, a wastewater pipeline existed from the Benzol Plant
to the Allied main plant. Leaks in that pipeline have caused localized areas of soil and ground-
water contamination with chlorinated benzenes as well as benzene in an area referred to as the

chlorobenzene hotspot area (Figure 2-1).

Hydrogen peroxide was produced at the Bridge Street Plant from 1956 to 1969.
3900 metric tons of Xylene were consumed in this process over the production period (PTI
1992a).

6.2.2.2  Waste Discharge

According to the Site History Report (PTI 1992a), there are no quantitative data on
the discharge volumes of waste material available from the BTEX production process at the
Benzol Plant because there were no permitting requirements prior to closure of the plant and
the plant records cannot be located. However, it has been es?imated that 178-322 million liters
of still bottoms (including acid sludge, waste caustic solution and heavy gums from distillation)
were applied to the Semet Residue Ponds (Solvay Wastebed A) between 1917 and 1970 (PTI
1992a). The Semet residue ponds are a series of five ponds covering an area of 11 acres. The

average depth of wastes in the ponds is 6 meters.
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Similar to the BTEX production line, little information is available regarding the
waste production of the chlorinated benzene production line except that, between 1918 and
1977, when waste products (still bottoms containing mostly tri- and tetrachlorobenzenes) were
not sold, they were either discharged to the East Flume or pumped to the Solvay waste beds
(PTI 1992a). Because benzene was a key raw material in the production of chlorinated
benzenes, it can be assumed that some unreacted benzene must have been in the waste stream
but quantities cannot be determined. Soils and groundwater data from the Willis Avenue and
Main plant locations indicate that the}'e were spills of benzene products from both the produc-

tion and waste discharge lines (O'Brien and Gere 1990).

In addition to the land disposal of wastes detailed above, there were three discharge
points to surface water from the Allied operations. Discharges to the East Flume (001), West
Flume (002) and Geddes Brook (003, Solvay Waste Bed Overflow) are characterized in PTI
(1992a). Of these, the East Flume received spills and leaks from the Willis Avenue chlorinated
benzene plant while Discharge 003 contained surface water runoff from wastebeds 12-15 which

received still bottoms.

In 1980, Discharge 002 was rerouted to Discharge 001 and Discharge 003 was
rerouted to the METRO treatment plant. Testing at Discharge 001 in 1985 indicated that
volatile organic compounds including BTEX compounds were not present at detection limit of
10 pg/1 (PTI 1992a). Benzene concentrations below this detection limit could be still above the

surface water injury criteria.

The releases detailed above are the direct sources of BTEX compounds to the soils
beneath and adjacent to the sites, the groundwater beneath the sites and the surface water
flowing over the sites. Contamination has also been observed off-site (NYSDEC 1989, PTI
1993a). These releases, particularly migration of BTEX compounds from the Semet Residue
Ponds, are continuing. Probable pathways between this contamination and releases from Allied

are discussed in Section 6.2.3.
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6.2.3 Pathway from Releases to Injured Resources

~

Concentrations of benzene that meet the definition of an injury have been reported
in the soil and groundwater below and downgradient of the points of release, in Tributary SA
and in the sediments of Onondaga Lake (Appendix B). Toluene and xylene concentrations that
meet the definition of injury have been reported in groundwater below the points of release
(Appendix B). The pathway from the releases at the plant to the groundwater below and
downgradient of the site is clear. There are no other substantial sources of BTEX compounds
in the vicinity except the Allied activities yet BTEX contamination (benzene) is present on site.
Upgradient monitoring wells in most instances had BTEX concentrations that were orders of
magnitude lower than concentrations observed on site and downgradient (O'Brien and Gere
1991a). Groundwater flows from site of the releases detailed in Section 6.2.2 directly to
Onondaga Lake or to surface water tributaries which ultimately drain to the lake. Major routes

of water transport from the site to the lake are presented in O'Brien and Gere (1991a, 1993a).

Tributary water benzene concentrations were reported in excess of standards in
Tributary SA, Harbor Brook and the East Flume (PTI 1993b). Both Tributary SA and the East
Flume have a clear hydraulic pathway to releases of BTEX substances at Allied. Since the
sources of benzene are substantially reduced from what they would have been at the time of
maximum production of the plants, it is probably accurate to infer that historically, rates of
migration of benzene compounds from the release site(s) to the lake via the tributaries may

have been much higher.

Benzene concentrations in excess of the sediment injury criterion were found in
Tributary SA, Ninemile Creek and the East Flume (PTI 1993a, PTI 1994) all of which serve as
surface water conduits from the Allied property where releas;s of benzene were known to have
occurred to Onondaga Lake. Data from two studies (NYSDEC 1989, PTI 1993a) show
benzene concentrations in the lake sediments in excess of sediment criteria in the vicinity of the
Allied facility. Once benzene is in the water or in the sediment, there is the potential for

exposure to biota.
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BTEX compounds have been found in the groundwater beneath the points of
release, between the point of release and the tributaries draining to Onondaga Lake, in the Lake
itself and in the sediment porewater beneath Onondaga Lake. Benzene has been found in the
surface water of Tributary SA and the East Flume as well as in the sediments of Ninemile
Creek, Tributary 5A, the East Flume and Onondaga Lake. These data document the pathway
from Allied to the contaminated sediments in Onondaga Lake.

6.2.4

Injuries to the resources of Onondaga Lake related to releases of BTEX compounds
from Allied can be determined. Existing data are sufficient to define injury to groundwater
under the site and the lake for benzene, toluene and xylene. Injury to the soils on the site can
be determined for benzene despite the fact that these soils may not be trust resources because
these soils are a source for contamination of groundwater, tributary water, tributary sediments
and lake sediments which are trust resources. Injury to sediments under the lake and in the
tributaries can be determined for benzene. The pathway from the releases to the soils and the
groundwater on site is sufficiently documented to establish that releases from Allied caused the
injury. Likewise, injury to the sediments of Tributary SA and the East Flume can be attributed
to releases from Allied. Injuries to the sediments of Onondaga Lake immediately offshore of
Allied, Ninemile Creek and Geddes Brook can also likely be tied to releases from Alhed.

Injuries to surface water related to the release of BTEX compounds have been

demonstrated in Tributary 5A and Harbor Brook.

Sediment contamination by BTEX compounds in other tributaries to Onondaga
Lake and elsewhere in Onondaga Lake meets the definition of injury, but the pathways from
the Allied releases are less clear, particularly with respect to tributaries that do not cross Allied
property. Although there are few other sources of BTEX compounds in the vicinity of the
Allied property besides Allied, there are other documented sources of BTEX compounds to the

Onondaga Lake system that could have contributed to contamination of tributaries that do not
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cross Allied property. The data demonstrate, however, that Allied is a major contributor to the
sediment injury in the lake itself. Appendix B, Section 1.0 describes the review of the data
available for injury assessment in detail. A summary of the Appendix B review is provided
below.

Injuries to biota associated with exposure to BTEX compounds are not directly
demonstrable from the data. However, additional work on sediment toxicity may demonstrate
past and existing biological injury. Cleanup of sediments to a level that meets the sediment
criterion for benzene, which was developed based on human health and bioaccumulation

criteria, may be sufficient to eliminate any threat of injury to biota related to past releases.

Continued injury to air resources related to the release of BTEX compounds is
probably not demonstrable at this time (recent data as discussed in Appendix B are below injury
criteria). However, there may have been injuries in the past. Based on currently available
data, demonstrating and quantifying injury to air resources from releases of BTEX compounds

will not be a high priority.

In summary, injuries to sediments (surface water), groundwater and geologic
resources (soil) resulting from the releases of BTEX compounds from Allied have been
demonstrated. These injuries will be given priority in the damage assessment. Injuries to
biologic resources from exposure to BTEX compounds would only be pursued if sediment
toxicity studies indicate that BTEX compounds are causing the sediments to be toxic at
concentrations below the injury criteria for BTEX compounds in sediments. Injuries to air

resources will not be given priority at this time.

6.2.5

Existing data detailing the injuries to the Onondaga lake system caused by releases

of BTEX compounds is extensive. Additional data collection in Onondaga Lake is not
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recommended at this time. Once injury data are mapped, additional focussed sampling may be

required in specific areas.

Chlorinated benzene compounds are cyclic aromatic compounds with one or more
chlorine atoms attached to a benzene ring. Compounds in this group differ by the number of
chlorine atoms and location of attachment to the benzene ring. Included in the group are
monochlorobenzene: three isomers each of dichlorobenzene, trichlorobenzene, and tetrachloro-

benzene; pentachlorobenzene; and hexachlorobenzene.

Some physical characteristics vary with the degree of chlorination and are
described in PTI (1991a). In general, these compounds have low water solubilities with lower
solubilities associated with the more highly chiorinated compounds. Densities are greater than
that of water and range from about 1.1 to 2 g/cm’® with the highest density associated with the
most chlorinated compound, hexachlorobenzene (Merck 1983). Chlorinated benzene com-
pounds are also considered to be lipophilic, indicating an affinity for animal tissue (fats) and the
potential for bioaccumulation (USEPA 1979). Bioaccumulation factors have been reported to
range from 12 for monochlorobenzene to greater than 44,000 for hexachlorobenzene (PTI
1991a).

Aquatic fate of the chlorinated benzene compounds has been described by USEPA
(1979) to include competing processes of volatilization, sorption, and bioaccumulation. These
compounds are considered volatile to semi-volatile; the least chlorinated compounds are the
most volatile. Hexachlorobenzene is probably much slower to volatilize than the other
chlorinated benzenes (PTI 1991a). Sorption is most important for hexachlorobenzene, but all
the compounds have the potential to be adsorbed by sedimentary organic material (USEPA

1979). Bioaccumulation potential increases with the amount of chlorination. Hexachloroben-

~
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zene has the greatest potential to bioaccumulate. Biodegradation of these compounds,
particularly the highly chlorinated ones, is most likely a slow process (USEPA 1979).

6.3.2

Historic activities in the vicinity of Onondaga Lake by Allied have involved the
use, production, storage and disposal of chlorinated benzene compounds. Sources of contami-
nation from Allied can generally be divided between two categories; 1) spills and releases
associated with consumption or production of chlorinated benzene compounds and 2) discharg-
es of process waste including chlorinated benzene compounds to the land surface, waste

lagoons or watercourses in the vicinity of the plant. These are discussed below.

6.3.2.1  Production. Consumption and Spills

The Willis Avenue Plant produced chlorinated benzene compounds from 1918 to
1977 from benzene and chlorine. The primary products of the plant were monochlorobenzene,
1,2-dichlorobenzene and 1.4 dichlorobenzene. 1,3-dichlorobenzene and trichlorobenzene were
produced as by-products. It is estimated that 200,000 metric tons of monochlorobenzene and
173,000 metric tons of dichlorobenzene were produced at this facility between 1918 and 1977.
While chlorinated benzene compounds were products from the process, they were also present

in the wastestream (PTI 1992a)

In addition, a wastewater pipeline existed from the Willis Avenue Plant to the
Allied main plant. Leaks in that pipeline have caused localized areas of soil and groundwater
contamination with chiorinated benzenes in an area referred to as the chiorobenzene hotspot

area (PTI 1992a).
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6.3.2.2  Waste Discharge

According to the Site History Report (PTI 1992a), there are no quantitative data
available on the discharge volumes or characteristics of waste material from the chlorinated
benzene process. It is estimated that 1800 metric tons of heavy organic residue (still bottoms
containing mostly tri- and tetrachlorobenzenes) were produced during the production of
chlorinated benzenes between 1918 and 1977 (PTI 1992a). A portion of this material was sold
while the remainder was discharged to the Solvay Waste Beds (1970-1979) or the East Flume
(Discharge 001). Waste containing chlorinated benzene compounds from Willis Avenue was
diverted from the East Flume to the waste handling station in 1970 for discharge into the
Solvay Waste Beds 12 and 15, (after 1975), although spills and leaks from the Willis Avenue
Plant were still discharged into the East Flume via Discharge 001 (PTI 1992a). Sobolewski
(1992, pers. comm. as cited in PT] 1992a) indicated that chlorinated benzenes vaporized when
disposed in the Solvay Waste Beds because of the high temperature of the Solvay waste (90
°C). Overflow from the Solvay Waste Beds, where still bottoms from Willis Avenue were
disposed was discharged to Geddes Brook vié Discharge 003.

In 1980, Discharge 002 was rerouted to Discharge 001 and Discharge 003 was
rerouted to the METRO treatment plant. Testing at Discharge 001 in 1985 indicated that
volatile organic compounds, including chlorinated benzene compounds, were not present at a
detection limit of 10 pg/l1 (PTI 1992a).

The releases detailed above are the direct sources of chlorinated benzene contami-
nation to the soils beneath and in the vicinity of the Willis Avenue Plant, the groundwater
beneath the sites and the surface water flowing over the sites. Indirect contamination has also
occurred. These releases, particularly migration of chlorinated benzene compounds from the
Willis Avenue Plant, is continuing. Probable pathways of indirect exposure are presented in
Section 6.3.3.
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6.3.3

Concentrations of chlorinated benzene compounds that meet the definition of an
injury have been reported in the soil and groundwater below and downgradient of the points of
release, in the water and sediments of the East Flume and in the sediments of Onondaga Lake.
The pathway from the releases at the plant to the groundwater below and downgradient of the
site is clear. There are no other substantial sources of chlorinated benzene compounds in the
vicinky of the Allied properties. Upgradient monitoring wells in most instances had concen-
trations that were orders of magnitude lower than the concentrations observed on site and
downgradient (O'Brien and Gere 1991a, 1993a, PTI 1993a). Groundwater flows from the sites
of the releases detailed in Section 6.3.2 directly to Onondaga Lake or to surface water
tributaries which ultimately drain to the lake. Major routes of water transport from the site to
the lake are presented in O'Brien and Gere (1991a, 1993a).

Concentrations of chlorinated benzenes were reported in excess of standards in the
East Flume (PTI 1993b). This tributary has an established hydraulic pathway to releases of
chlorinated benzene compounds at Allied. Since the sources of chiorinated benzene compounds
are substantially reduced from what they would have been at the time of maximum production
of the plants, it is probably accurate to infer that, historically, rates of migration of chlorinated

benzene compounds from the release site(s) to the lake via the tributaries were much higher.

Chlorinated benzene concentrations in excess of the sediment injury criterion9
were found in the East Flume (PTI 1993a, PTI 1994) which serves as a surface water conduit
from the Allied property where releases of chlorinated benzene compounds were known to
have occurred to Onondaga Lake. Data from two studies (NYSDEC 1989, PTI 1993a) showed
chiorinated benzene compounds at concentrations in the lake sediments in excess of sediment
criteria in the vicinity of the Allied facility. Once chlorinated benzene compounds are in the

water or sediment, exposure to biota can occur.

Chlorinated benzene compounds have been found in the groundwater beneath the
points of release, between the point of release and the tributaries draining to Onondaga Lake

and the lake itself and in the sediment porewater of Onondaga Lake. Chlorinated benzene
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compounds have also been found in the surface water of the East Flume as well as in the
sediments of the East Flume and Onondaga Lake. These data document pathways from Allied

to the contaminated sediments in Onondaga Lake.

6.3.4

Injuries to the resources of Onondaga Lake resulting from the releases of chlorinat-
ed benzene compounds from Allied can be determined based on existing data from reports
described in Section 6.3.3. Data are sufficient to determine injury to surface water resources
of the lake and tributaries, soils on the site, and groundwater under the site and the lake. The
pathway from the releases to the resources is sufficiently documented to link Allied releases to
the injury. A review of existing data on chlorinated benzene compounds in the Onondaga Lake
system is presented in Appendix B, Section 2.0. A summary of the Appendix B review is

provided below. Potential injury criteria are 'presented in Table 6-2.

Surface water injuries can be determined in both the lake and in the East Flume
tributary. The lake injury is based on sediment samples which had concentrations of mono-
chlorobenzene, dichlorobenzene, trichlorobenzene, and hexachlorobenzene in excess of
established injury criteria. With the exception of the East Flume, there were no reported
sediment analyses in the tributaries. Water and sediment samples from the East Flume showed

exceedences of water quality and sediment injury criteria, thus constituting an injury.

Geologic (soil) injuries are associated with soil samples taken at the Willis Avenue
Plant, petroleum storage area, and associated hotspots. Exceedences of injury criteria in these
samples occurred for several chlorinated benzene compounds. These soils despite the fact that
they may not be trust resources are sources for contamination of groundwater, tributary water

and sediments and lake sediments which are trust resources.
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TABLE 6-2. PROPOSED INJURY CRITERIA FOR CHLORINATED BENZENE
COMPOUNDS".

-

SURFACE GROUND-
WATER SEDIMENTS® AIR  SOIL* BIOTA WATER

G ek® ek Gek®  Gehe) e

Monochlorobenzene 5(50)° 70 11,000 1,700 - 5
1.4-Dichlorobenzene 400 _ -4 - 8,500 - 4.7
Dichlorobenzenes 5(50)° 240 30,000 - - -
1,2-Dichlorobenzene 1,120 - - 7,500 - 4.7
1,3-Dichlorobenzene 400 - - 1,600 - 5
Trichlorobenzenes 5(50)° 1,820 - - - 5
1,2,4-Trichlorobenzene 50 - - 3,400 - 5
1,2,4,5-Tetrachlorobe- 38 - - - - 5
nzene

Pentachlorobenzene 74 - - o - =
Hexachlorobenzene 000072 = 3 ~ 410 330;2000  0.35

*See Appendix D for summary of available standards, criteria and guidance values.

*Values are for Class B and C waters with Class D waters in parentheses.

‘For non-carcinogenic and carcinogenic substances, respectively.

d_. dashed line indicates that an injury criterion is not available.

*For purposes of this plan, values are being used as screening criteria for injury. Decisions on
final injury criteria for the assessment have not been made.
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Groundwater sampling has been conducted at several locations at the Allied
facilities and in nearshore sediments of the lake. Exceedences of injury criteria for mono-
chloroben-zene were found at the Semet Residue Ponds and for monochlorobenzene, dichloro-
benzene, and trichlorobenzene at the Willis Avenue Plant. Groundwater samples from
piezometers set in nearshore sediments of Onondaga Lake offshore from the Semet Residue
Ponds and the Willis Avenue Plant showed exceedences of injury criteria for
monochlorobenzene and dichlorobenzenes. The data demonstrates injury to the groundwater

resource at these locations.

Injuries to biota are not directly demonstrable from existing data. However,
additional work on sediment toxicity may demonstrate past and existing injury. Cleanup of
sediments to a level that meets the sediment criteria for chlorinated benzene compounds, which
were developed based on human health and bioaccumulation criteria, may be sufficient to

eliminate future injury to biota related to past releases.

Injury to air resources related to the release of chlorinated benzene compounds is
probably not demonstrable at this time. However, there may be the potential for contamination
of the air at the Willis Avenue Plant site during any future construction activities. Based on

currently available data, injury to air resources will not be a high priority for quantification.

In summary, injuries to sediments (surface water), groundwater and geologic
resources resulting from the releases of chlorinated benzene compounds from Allied have been
demonstrated. These injuries will be given priority in the damage assessment. Injuries to
biologic resources associated with sediments are expected to be addressed through restoration
of sediments because sediment injury criteria are based on toxicity to aquatic life. If future
sediment toxicity studies indicate that chlorinated benzene compounds are causing sediment
toxicity at concentrations below the injury criteria for individual chlorinated benzene com-
pounds then further biologic injury may be demonstrated. Injuries to air resources will not be

given priority at this time.
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6.3.5

Existing data detailing the injuries to the Onondaga lake system caused by releases
of chiorinated benzene compounds is extensive. Additional data collection in Onondaga Lake
is not recommended at this time. Once injury data are mapped, additional focussed sampling

may be required in specific areas.

6.4 POLYCHLORINATED BIPHENYLS AND PESTICIDES

Pesticides and PCBs have been identified as substances of concern in the media of
Onondaga Lake (PTI 1991a), but releases of these substances by Allied have not been con-
firmed to date. If additional information further defining Allied's role as a source of these
substances becomes available, this section should be modified in the future. Injury determina-

tion and quantification plans can only be developed in response to confirmed releases.

6.4.1

Polychlorinated biphenyls (PCBs) are a group of chemicals consisting of bipheny!
with one or more chlorine atoms attached to the carbons in the biphenyl rings. There are 209
possible combinations of chlorination, therefore there are 209 different possible PCB mole-
cules, called congeners. PCBs were used in a number of industrial applications such as
electrical, heat transfer, and hydraulic fluid (NYSDEC 1991 unpublished). PCBs are extreme-
ly stable and very persistent in the environment. Water solﬁbility of PCBs is low and decreases
with increased chlorination. Volatility of PCBs decreases with increased chlorination (PTI
1991a). PCBs are also lipophilic meaning they have an affinity for fatty substances (i.e.,
animal tissue). The primary fate in the aquatic environment is adsorption and bioaccumulation.
Once PCBs are released to water, they adsorb to organic compounds in the water column or the
sediment, then move up the food chain (NYSDEC 1991 unpublished). Bioconcentration factors
for PCBs have been reported to range from 60 to 274,000 (PTI 1991a).
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Pesticides are toxic substances used for the extermination of undesirable organisms.
The greatest use of these compounds has been in the agriculture industry. The chemical nature
of pesticides is quite variable with organochlorine pesticides typically being the most
environmentally damaging because of their extreme stability in the aquatic environment (PTI
1991a). DDT, its degradation products and several other organochlorine pesticides were
detected in Onondaga Lake sediments and fish tissue. These compounds are persistent,

accumulate in biological tissue and sorb to sediments (PTI 1991a).

6.4.2

PCBs and pesticides have been found throughout the natural resources of Onondaga
Lake (PTI 1991a). There is no evidence available at this time that PCBs or pesticides were

released in large concentrations as a result of activities on the Allied property.

A reference to the release of microbiocides to Geddes Brook is offered by Andrews
(1985 as cited in NYSDEC 1989). However, the quantities released are not known. This
potential release is discussed further below in the discussion of support for injuries that can be
provided by existing data. Leaking transformers have been reported in the vicinity of the West
Flume (Lee Flocke 1994 pers. comm. conference call Nov. 29, 1994). Transformers have
been drained and dismantled at the Bridge Street site. Two empty transformers, one empty
rectifier and one active transformer remain on site (Benjamin 1995). It is unknown if these
transformers have or are contributing PCB's to trust resources. Potential sources of PCBs and
pesticides to Onondaga Lake are described generally by PTI (1991a). No references to the
manufacture, presence, use or discharge of PCBs or pesticides by Allied are presented in that
report or the Site History Report (PTI 1992a) completed as a part of the RI/FS. If releases of
these substances related to Allied operations are documented in the future, this plan should be
revised to insure that releases to the environment with the potential to cause injury to trust

resources are quantified.
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6.4.3 Pathway from Releases to Injured Resources

~

At this time, the discussion of the pathway from the point of the releases of
pesticides and PCBs from Allied to potentially injured resources is only relevant with respect to

releases that are known to have occurred.

If releases of PCBs in the vicinity of the West Flume are confirmed then the
presence of PCBs in the water or sediments of the West Flume, Geddes Brook and Ninemile
Creek may provide evidence that the PCBs have migrated from the site to the lake. The only
documentation available is from November of 1994 when PCB was discovered in the West
Flume in the vicinity of the Bridge Street Plant (E. Thomee personal communication). Should
sources and/or releases of PCBs related to the Allied operations be further documented in the

future, this section should be revised to include them.

Pesticides were detected in water samples from the East Flume (y-hexachlorocyclo-
hexane (lindane)) and Geddes Brook which drains into Ninemile Creek (a-chlordane) and
sediment samples in Ninemile Creek (B-hexachlorocyclohexane), Tributary SA (a-chlordane),
Geddes Brook (a-chlordane) and Harbor Brook (a-chlordane) in the vicinity of the Allied
property (NYSDEC as cited in PTI 1991a). However, these substances are not related to any
known release from Allied. If releases of these or other pesticides related to Allied operations

are discovered in the future, this section should be revised to include them.

6.4.4

Potential injuries to the resources of Onondaga Lake attributable to the releases of
PCBs and pesticides from Allied are not discussed in this plan because at this time there is no
evidence available that confirms that these substances were released by Allied. Only one
reference to a release of pesticides to Geddes Brook was found in a review of the literature.
Quantities and types were not identified. Data documenting PCB and pesticide releases from
Allied are not currently available, although PCBs have been found in the West Flume and the
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biota of the West Flume (NYSDEC 1994c) (E. Thomee, personal communication). These
substances will not be included in the damage assessment at this time unless further evidence is
collected in the future that documents releases of these substances from Allied. At that time,

this plan would be revised to include a discussion of injuries related to those releases.

6.4.5

Additional studies related to potential injuries to natural resources associated with
releases of pesticides and PCBs from Allied operations will not be pursued at this time. If
future work identifies Allied operations as a source of pesticides and/or PCBs in sufficient
guantities to have caused a demonstrable injury to natural resources, this plan would be revised

to include studies to demonstrate pathways and quantify injury with respect to these substances.

6.5

6.5.1 Introduction to PAH Compeounds

PAH compounds are the products of incomplete combustion of organic materials
and are produced in many industrial processes. There are thousands of individual PAH
compounds. PAHs are usually released to the environment as homogenous mixtures of
compounds except where they have been produced as intermediate or end use chemicals,

resulting in higher concentrations of the produced chemical(s) in the mixture.

PAHs have a range of physical properties that are generally related to the number
of fused benzene rings they contain. Those characteristics that are relevant to the Allied site
are reviewed in PTI (1991a) and briefly summarized here. PAHs are often classified as either
high or low molecular weight PAHs, and the physical properties are quite different for these
two groups. Low molecular weight PAHs, represented by naphthalene with only two fused

benzene rings, has higher water solubility, lower soil sorption, and a lower bioconcentration
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factor than higher molecular weight PAHs, such as benzo(g,h,i)perylene with six fused benzene

rings. .

The aquatic toxicity and bioconcentration of PAHs varies greatly among PAH
compounds. Bioconcentration and toxicity tend to increase with increasing molecular weight
and decreasing water solubility. Bioconcentration factors from 100 to 2000 have been reported
for fish and crustaceans. Bioconcentration tends to be limited by metabolism and elimination in

many species.

Acute toxicity to freshwater organisms occurs at concentrations as low as 3,980
wg/1 for fluoranthene and 2300 g/l for naphthalene. Chronic toxicity of naphthalene occurs at
concentrations as low as 620 ug/l. Ambient water quality criteria of individual PAHs for
protection of aquatic organisms are not available due to the lack of sufficient toxicity informa-
tion. When complete criteria are unavailable, the lowest observed effect concentration (LOEC)
from the available literature is used as the injury criterion. Although the LOEC is not a water
quality criterion, it is often interpreted to mean that other, as yet untested, species may be more

sensitive,

6.5.2 Release of PAH Compounds from Allied

Historic activities in the vicinity of Onondaga Lake by Allied have involved the
use, production, storage and disposal of PAH compounds. Sources of contamination from
Allied can generally be divided between two categories; 1) spills and releases associated with
consumption of, or production of, naphthalene and other compounds and 2) discharges of
process waste including naphthalene and other PAH:s to the land surface, waste lagoons or

watercourses in the vicinity of the plant. These sources are discussed below.
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6.5.2.1  Production, Consumption and Spills

Although no records are available, (PTI 1992a) estimated that between 1892 and
1923 approximately 1,640,000 metric tons of coal were consumed to produce 56,000 metric
tons of tar and light oil. The light oil was used to produce products at the benzol plant. It was
estimated that one metric ton of coal produced approximately 1 liter of heavy hydrocarbons and
naphthalene. Tars and still bottoms from the benzol plant operations were disposed in the
Semet Residue Ponds. -

The Benzol Plant, located at the Main Plant location, produced naphthalene and
other products by distillation of coke light oil from 1917 to 1970 (PTI 1992a). According to
PTI (1991a), the major products of this process were benzene (58%), toluene (14 %), xylenes
(9%), unsaturated hydrocarbons (5%), heavy hydrocarbons and naphthalene (8%), and wash
oil (6%).

A wastewater pipeline existed from the Benzol Plant to the Allied Main Plant.
Leaks in that pipeline have caused localized areas of soil and groundwater contamination with

naphthalene and other chemicals.

6.5.2.2  Waste Discharge

According to the Site History Report (PTI 1992a), there are no quantitative data on
the discharge volumes of waste material available from the naphthalene production process

because there were no permitting requirements prior to closure of the plant, and the plant
records cannot be located. However, it has been estimated that 47-85 million gallons of still
bottoms (including acid sludge, waste caustic solution and heavy gums from distillation) were
applied to the Semet Residue Ponds (Solvay Wastebed A) between 1917 and 1970 (PTI 1992a).
The Semet Residue Ponds are a series of five ponds covering an area of 11 acres. The average

depth of the ponds is 20 feet.
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The residue ponds were sampled by coring, and naphthalene was measured at
concentrations between 8,009 and 60,390 mg/kg (O'Brien and Gere 1989). A substituted
naphthalene compound (1,2,3-trimethyl-4-propenyl naphthalene) which may have been a
byproduct of production processes was measured at concentrations between 16,088 and
101,725 mg/kg in this residue. Numerous other naphthalene derivatives were identified in the

residue at high concentrations.

NYSDEC (1991 unpublished) reported that the tar beds contain naphthalene
(20,000 mg/kg), 2-methylnaphthalene (1500 ms/kg), fluorene (250 mg/kg), phenanthrene (200
mg/kg), anthracene (100 mg/kg), and pyrene (25 mg/kg). The source of these data was not
specified in this document.

In addition to the land disposal of wastes detailed above, there were three discharge
points to surface water from the Allied operations. Discharges to the East Flume (001), West
Flume (002) and Geddes Brook (003, Solvay Waste Bed Overflow) are characterized in PTI
(1992). Of these, the East Flume received spills and leaks from the Willis Avenue chlorinated
benzene plant while Discharge 003 received overflow from the Solvay waste beds where still

bottoms were disposed.

In 1980, Discharge 002 was rerouted to Discharge 001 and Discharge 003 was
rerouted to the METRO treatment plant. Testing at Discharge 001 in 1985 indicated that PAH
compounds were not present at a detection limit of 10 ug/l (PTI 1992a).

The releases detailed above are the direct sources of PAH contamination to the
soils beneath and adjacent to the sites, the groundwater beneath the sites and the surface water
flowing over the sites. Contamination has also been observed off site. These releases,
particularly migration of PAHs from the Semet Residue Ponds, are continuing. Probable
pathways between this contamination and releases from Allied are discussed in section 6.5.3
below.
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6.5.3 Pathway from Releases to Injured Resources

Concentrations of naphthalene that meet the definition of an injury have been
reported in the soil and groundwater below and downgradient of the points of release, in
Tributary 5A, and in the sediments of Onondaga Lake. The pathway from the releases at the
plant to the groundwater below and downgradient of the site is clear. There are numerous
other sources of PAH substances in the vicinity of the Allied properties. Upgradient monitor-
ing wells in most instances had concentrations that were orders of magnitude lower than
concentrations observed on site and d;wngradicnt (O'Brien and Gere 1991a, 1993a) suggesting
the Allied site as a source. Groundwater flows from site of the releases detailed in Section
6.5.2 directly to Onondaga Lake or to surface water tributaries which ultimately drain to the
lake. Major routes of water transport from the site to the lake are presented in O'Brien and

Gere (1991a, 1993a).

Concentrations of PAHs were reported in excess of standards (Appendix D) in
Tributary 5A and the East Flume (PTI 1993b). Both tributaries have a clear hydraulic pathway
to releases of PAH compounds at Allied. Since the sources of PAH compounds are substan-
tially reduced from what they would have been at the time of maximum production of the
plants, it probably accurate to assume that, historically, rates of migration of PAH compounds

from the release site(s) to the lake via the tributaries were much higher.

PAH concentrations in excess of the sediment injury criteria (Appendix D) were
found in Tributary SA, Ninemile Creek and the East Flume (PTI 1993a, PTI 1994) all of which
serve as surface water conduits from the Allied property where releases of PAH compounds
were known to have occurred and Onondaga Lake. Data from two studies (NYSDEC 1989,
PTI 1993a) show naphthalene and other PAH concentrations in the lake sediments in excess of
sediment criteria in the vicinity of the Allied facility. Once PAH compounds are in the

sediment, biota can be exposed.

PAH compounds have been found in the groundwater beneath the points of release,

between the point of release and the tributaries draining to Onondaga Lake and the Lake itself
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Injuries to biota are not directly demonstrable from existing data; however,
additional work on sediment toxicity may demonstrate past and existing injury. Cleanup of
sediments to a level that meets the sediment criteria for PAH compounds based on human
health and bioaccumulation criteria may be sufficient to eliminate future injury to biota related
to past releases. If future sediment toxicity studies indicate that the PAH's are causing
sediment toxicity at concentrations below the injury criteria for individual PAH compounds,

then further biologic injury may be demonstrated.

Injury to air resources related to the release of PAH compounds is probably not
demonstrable at this time. Based on currently available data, injury to air resources will not be

a high priority for quantification.

In summary, injuries to sediments (surface water), groundwater and geologic
resources caused by the releases of PAH compounds, and naphthalene in particular, from
Allied can be demonstrated with available data. These injuries will be given priority in the'
damage assessment. Injuries to biologic resources would only be pursued if sediment toxicity
studies indicate that PAH compounds are causing the sediments to be toxic and that the PAH

compounds came from Allied. Injuries to air resources will not be given priority at this time.

6.5.5

Existing data detailing the injuries to the Onondaga Lake system caused by releases
of PAHs are extensive. Additional data collection in Onondaga Lake is not recommended at
this time. Once injury data are mapped, additional focussed sampling may be required in

specific areas.
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6.6 MERCURY

6.6.1 Intreduction to Mercury

A review of the properties of mercury relevant to Onondaga Lake is provided in
the Onondaga Lake RI/FS Work Plan (PTI 1991a). Mercury is one of the earth's naturally
occurring heavy metals. It exists in the environment as elemental mercury or as inorganic
substances or organic mercury compounds. Organic forms of mercury are more toxic than
inorganic forms because of their bio;ccumulative properties. Methylated mercury is the most
toxic form (PTI 1991a). In the aquatic environment, biological processes can convert elemen-
tal and inorganic mercury into methylmercury (PTI 1991a), Bioconcentration factors for
methylmercury range from 10,000 to 85,000 (PTI 1991a). Bioaccumulation factors in food

chain transfer can be much higher.

6.6.2 Release of Mercury from Allied

Historic activities in the vicinity of Onondaga Lake by Allied have involved the
use, storage and disposal of mercury. Releases of mercury from Allied can generally be
divided among two categories: spills and releases associated with consumption of mercury and
discharges of process waste including mercury to the land surface, waste lagoons or water-

courses in the vicinity of the plant. These are discussed below.

6.6.2.1  Production. Consumption and Spills

Allied operated two chlor-alkali plants (Bridge Street and Willis Avenue) on the
western shore of Onondaga Lake. The chlor-alkali process used NaCl brine mined from the
Tully Valley and piped to the facility. The products of the process were elemental chiorine
(Cly(gas)) and an alkali, sodium hydroxide (NaOH). The process includes the electrolysis of a
water solution of NaCl. The overall reaction is

hY
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2NaCl(aq) + 2H,0(l) - 2NaOH (aq) + Cl,(g) + H,(g)

~

Chlorine gas was produced by an oxidation reaction at the anode. Mercury (Hg) was used as
the cathode; a sodium/mercury amalgam was formed. Mercury was recircuiated in the
process. However, there were mercury losses due to leakage and discharge, as the cells were
cleaned or replaced (PTI 1992a).

6.6.2.2 Waste Discharge

The two Allied chlor-alkali facilities which used mercury cells discharged large
quantities of mercury waste to Onondaga Lake without a discharge permit from the start of the
chlor-alkali process in 1946 to 1970 (PTI 1991a). Most of the waste was emitted from two
production cells, one started in 1946 (Willis Ave.), the second in 1953 (Bridge Street) (USEPA
1973) (PTI 1991a). It is estimated that 75,000 kg of mercury were discharged by the facility
into the lake from 1946 to 1970 ( USEPA 1973). The daily load in the latter portion of this
interval was estimated to be 10 kg-d"'. Allied operated the Willis Avenue plant until 1977.
Allied continued to operate the Bridge Street chlor-alkali plant until 1979. It was then sold to
LCP which operated it until 1988. The daily load from the facility was reduced to less than 0.5
kg-d" soon after the U.S. Department of Justice took legal action against the facility in the
summer of 1970, largely through process modifications. Further reductions were achieved by
1977 (PTI 1991a). Treated mercury cell wastewater was applied to wastebeds 12, 13, 14 and
15 in the 1970's (PTI 1991a).

6.6.3 Pathway from Releases to Injured Resources

Mercury releases to the land surface and surface water have been discussed in
Section 6.6.2.2. These releases directly impacted geologic resources on the Allied Plant site
and tributary streams originating on the site (East Flume and West Flume) and passing through
the site (Geddes Brook, Tributary SA and Ninemile Creek).
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Mercury contamination of these tributary streams and the sediments of these
streams has been documented. Injury to these resources has been demonstrated through
numerous exceedences of criteria and guidance values for mercury in soils (on site) (O'Brien
and Gere 1993a), water (primarily tributary) (Geddes Brook, PTI 1993b), sediments (tributary
and lake) (USEPA 1973, EPRI 1987, NYSDEC 1989, CDR 1991a, O'Brien and Gere 1991z,
NYSDEC 1992, PTI 1993a, 1993b, 1994, Rowell and Effler 1995) and biota (lake) (Effler
1987). These injuries are evaluated further in Appendix B. Groundwater contamination by
mercury has been less well documented although contamination has been reported in the
vicinity of the Bridge Street Plant (Bl;sland and Bouck 1990, Advanced Environmental
Services, Inc. 1992). It appears that direct discharge and surface water flow is the primary
pathway from the site to Onondaga Lake and downstream. Sediment contamination in
Onondaga Lake is widespread; sediment criteria are exceeded in virtually all areas of the lake.
Mercury contamination has also been documented in biota. Lower trophic levels (phytoplank-
ton, zooplankton and macroinvertebrates) as well as fish in Onondaga Lake have been shown to

contain mercury (Appendix B).

Wang (1993) constructed a total mercury budget of Onondaga Lake for a 7 mo
period of 1992. Tributary streams and METRO were monitored on 10 dates over the February
to August interval. The estimated external loads and percent contributions are presented in
Table 6-4. The estimated atmospheric load of 0.13 kg (Driscoll and Wang 1995), was minor
by comparison to the principal tributaries (Table 6-4). The largest source by far was estimated
to be Ninemile Creek. Most of the Ninemile Creek load (~ 80%) was estimated to enter
below Amboy, NY, which is just upstream of the Allied waste beds which border the creek.
METRO was the second largest source. Driscoll and Wang (1995) found the output of total
mercury from the lake via its outlet closely matched the estimated inputs over the 7 mo study,
suggesting that Allied wastes continue to release mercury to Ninemile Creek and ultimately

Onondaga Lake.
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TABLE 6-4. MERCURY BUDGET FOR ONONDAGA LAKE

~

Point of Discharge Total Mercury Load (kg/yr) %
Onondaga Cr. 0.76 14
Ley Cr. 0.22 4
METRO 1.52 28
Ninemile Cr. 2.98 53
Other 0.04 1
Total ' 5.45

Source: Wang (1993)

There are no other important sources of mercury in the vicinity of the Allied
properties. Since the sources of inercury are substantially reduced from what they would have
been at the time of maximum production of the chlor-alkali plants, it is probably accurate to
assume that, historically, rates of migration of mercury from the release site(s) to the lake were

much higher.

6.6.4

Existing mercury data suitable for use in the assessment of natural resource injury
in the Onondaga Lake system are numerous. A detailed review of data used for the injury
assessment for mercury is presented in Appendix B, Section4.0. A summary of the Appendix
B discussion is provided below. Potential injury criteria for mercury are presented in Table 6-
5.

Monitoring of the surface water resources (water and sediment) for mercury has
been quite extensive. Mercury concentrations in the water column of the lake have been for

the most part below the injury criterion established for mercury. Exceedence of the injury
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criterion for mercury in the lake was documented during sampling in 1987. Injuries based on
surface water injury criterion exceedences in Geddes Brook, the West Flume and the East
Flume are alsc documented. Mercury contamination of the sediments has been documented
throughout Onondaga Lake. Surface water injuries in both the lake and tributaries (Ninemile
Creek, Geddes Brook, East Flume and Tributary S5A) has been documented by numerous

sediment samples that had concentrations exceeding the injury criterion for mercury.

Geologic (soil) injuries are associated with soil samples taken at the Bridge Street
Plant, the Willis Avenue Plant, petro;eum storage area, and associated hot spots. The
concentrations of mercury exceeded the injury criterion in many of these samples. These soils
may be sources of mercury to other resources of Onondaga Lake. As such, the soils meet the

definition of an injured resource (Appendix A).

Injuries to biota have been documented through extensive sampling of fish.
Sufficient data have been collected in which the concentrations of mercury in fish flesh
exceeded the injury criterion to prove an injury to this resource. In addition to fish, concentra-
tions of mercury in macroinvertebrates, phytoplankton and zooplankton have been shown to be
elevated. Because of the position of these groups of organisms in the food chain of the fish,
contamination in these groups of organisms must be addressed to control contamination in fish.
Fish contamination by mercury resulted in the closure of the fishery from 1970 to 1986 and the

institution of an advisory to eat no fish from Onondaga Lake in 1986.

TABLE 6-5. PROPOSED INJURY CRITERIA FOR MERCURY".

SURFACE
WATER SEDIMENTS® AIR SOIL® BIOTA GROUNDWATER
g/ (kg gk (ghkg  (ug/ke) g/
Methylmercury - - - - - -
Total mercury 02 150 1:12° 100 1.000 (100)° 2

(as HG*)

*See Appendix D for summary of available standards, criteria and guidance values.
®Organic and inorganic mercury, respectively.

“Potential alternative injury criterion - see Appendix B, Section 4.4 and Appendix Table D-5
for discussion.

d_. dashed line indicates that injury criterion is not available.

*For purposes of this plan, values are used as screening criteria. Decisions on final injury
criteria for the assessment have not been made.
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Because of the fact that most of the mercury on and near the Allied facility is either
buried or in the sediments below the lake and tributaries, it is anlikely that mercury would be
present in the ambient air in the vicinity of the site in concentrations in excess of background
except in the immediate vicinity of areas with soil contamination such as the Bridge Street
Plant. However, it is possible that mercury may have been released to the air in the past or

could be released to the air during any remedial or construction activities.

Groundwater injury caused by mercury released by Allied has been documented
based on available data. Samples collected from two monitoring wells at the Willis Avenue
Plant and many wells at the Bridge Street Plant indicated that mercury was present in concen-

trations exceeding the injury criterion.

In summary, injuries to surface water (water and sédiments), geologic, biological
and groundwater resources resulting from the releases of mercury have been documented.
These injuries will be given priority in the damage assessment. The pathway from the releases
to the resources is sufficiently documented to establish that Allied releases caused the injuries.

Injuries to air resources will not be given priority at this time.

6.6.5

As stated in the previous sections, pathways and associated injuries related to
releases of mercury by Allied have been documented in most of the environmental media
associated with the Onondaga Lake system. However, the accumulation of mercury in non-
aquatic wildlife is likely, but has not been evaluated. An Ecological Risk Assessment is
planned for the RI/FS which includes an assessment of pathw;ys and effects of mercury. The
findings of the Ecological Risk Assessment will be reviewed during the conduct of the Natural
Resource Damage Assessment. High concentrations of mercury in fish downstream of

Onondaga Lake are also likely, but have not been documented.
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6.6.5.1  Research Study 1: Injuries to Wildlife from Mercury.
Purpose: To evaluate potential injuries associated with exposure of wildlife to

mercury released by Allied to the Onondaga Lake system.
Approximate cost: $3K (Phase I only).

To assess wildlife injuries from mercury, a review of the Ecological Risk Assess-
ment to be completed by PTI will be ;)erformed. If the exposure assessment indicates a high
risk to wildlife, appropriate sampling will be conducted to document mercury levels in wildlife
during Phase II. Appropriate organisms to sample would include frogs, waterfowl, furbearers,

and songbirds. Feathers, fur, and eggs may be substituted for adult animal organs.

If mercury contamination is found in wildlife, and injury is determined, studies to
establish baseline concentrations of mercury in affected species will be developed and restora-
tion alternatives will be selected which will lower mercury concentrations in wildlife to non-

injurious levels.

Purpose:  To determine if Onondaga Lake is a source for mercury contaminated fish to the
Seneca/ Oswego River.

Cost: $30-50K (Phase ! only).

Mercury contamination of the fish of Onondaga Lake has been documented through
existing data and will be further documented in the Ecological Risk Assessment being con-
ducted as part of the RI/FS. Little data exist on mercury concentrations of fish downstream of
Onondaga Lake. Limited data from the Seneca River near Baldwinsville and the Oswego River
near Phoenix showed the vast majority of fish flesh concentrations of mercury below the injury

criterion for mercury (Sloan 1995), but these sampling sites were quite distant from Onondaga
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Lake and the origin of fish collected cannot be determined. Many of the fish species present in
Onondaga Lake spend some or much of their life outside of the lake in the Seneca/Oswego
River system or in interconnected waterbodies. In Phase 1 of this study, fish will be collected
seasonally (winter, spring, summmer and fall) from the Onondaga Lake outlet near the conflu-
ence with the Seneca River using standard fish collection techniques. During each sampling
event, the edible portions of ten fish from each of three groups of species (benthivores,
planktivores and piscivores) leaving the lake will be collected and analyzed for total mercury.
Fish will generally be of edible size. If any species are found to be contaminated (above FDA
guidance levels or sufficient for advisory/closure), observed concentrations will be compared to
baseline to determine the percentage of the population that is potentially injured. Phase II of
this study will involve additional studies designed to sample fish along a gradient away from
Onondaga Lake and to track movement of contaminated fish species in and out of Onondaga
Lake using mark/recapture techniques or telemetry. Resuits of these studies will be used to
determine how far contaminated fish may disperse and establish the population of fish contami-

nated by releases of mercury from Allied.

8.7 OTHER METALS
6.7.1 Introduction to Other Metals

Other metals in addition to mercury have been detected in samples from Onondaga
Lake. These metals include cadmium, chromium, lead, nickel, and zinc. All the metal
compounds vary widely in solubility and toxicity. Descriptions of the toxicity of the metals is
presented in PTI (1991a). In the aquatic environment toxicity of many metals is reduced with
increased water hardness. Bioconcentration factors for the metals ranges from 0.8 for nickel to
4,190 for cadmium in invertebrates (PTI 1991a). Of these metals, lead is the only one known
to have been released by the Allied facilities (PTI 1992a).
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6.7.2 Release of Other Metals from Allied

Sources of other metals exist throughout the Onondaga Lake system (PTI 1991a).
Lead is the only hazardous metal besides mercury (Section 6.6) to have been released in known
quantities from Allied operations. Much of the lead released from Allied was through
permitted discharges. Other metals are present in the Solvay waste deposited on the site but
sources, guantities and releases of these metals are unknown.

In the absence of speciﬁc:‘reference to substantial releases of other hazardous metals
besides lead from the Allied facilities, these substances will not be addressed further in this plan
at this time. However, if releases of these substances on the Allied property are documented in
the future, this plan should be revised to include an evaluation of existing and future data as

well as future data needs to evaluate potential damages to natural resources from these releases.

6.7.2.1  Production, Consumption and Spills

Lead is not specifically mentioned as a raw material or as a product at any of the
Allied facilities (PTI 1992a). Lead found in the waste stream as described below probably

originated with the components of the plant.

6.7.2.2  Waste Discharge

Lead was present in graphite anodes in the chlor-alkali process and as a result, was
present in wastewater from the site. Periodic renewal of the anodes resulted in wastewater
containing lead. It is not known where this wastewater was discharged prior to 1970.
Presumably, it was discharged to surface water. After 1970, it was discharged to the Solvay
Waste Beds (PTI 1992a). It is estimated that 4.2 metric tons of lead per year were discharged
from the chlor-alkali plants over the history of production. In 1970, 8.2 kg/day of lead was
discharged to the East Flume (Discharge 001), 2.3 kg/day was discharged to the West Flume
(Discharge 002) and 7.7 kg/day were discharged to the Solvay Waste Beds (bischarge 003)

13320DAP.DOC (WR R96-1) Onondaga Lake Natural Resource Damage Assessment Plan
November 30, 1996 65



NORMANDEAU ASSOCIATES

(PTI 1992a). Permit limits for lead in Discharges 001, 002, and 003 are summarized in PTI
(1992a). Limits ranged from 10 to 17.7 kg per day from the-site (all three discharges com-
bined). In 1980 Discharge 002 was combined with Discharge 001. In 1981 Discharge 003 was
diverted to METRO. In 1985 a limit of 0.05 mg/L was instituted for lead at Discharge 001.
Lead concentrations exceeded the permitted lead concentration on one date in 1987 in Dis-

charge 001. The source was not located (PTI 1992a).

The anodes were replaced at the Bridge Street facility in 1977 (PTI 1992a)
eliminating lead in wastewater discharged to the West Flume. Lead was also used in dia-
phragm gaskets at the Willis Avenue Plant until they were replaced between 1975 and 1977,
eliminating the only source of lead from this plant (PTI 1992a). In addition, PTI (1992a)
documented the release of small amounts of lead-bearing water related to spills at the plant that

occurred on average every two weeks during the operation of the chlor-alkali facilities.

6.7.3

There are numerous sources of lead to the Onondaga Lake system. The historical
releases of lead by Allied detailed in Section 6.7.2 above were to the East Flume and Ninemile
Creek. Injuries to surface water and sediments are located primarily in the vicinity of the
Tributary SA and the METRO outfalls, although some lead contamination has been observed in
sediments throughout the lake and at the mouth of many of the tributaries. Lead contamination
of the sediments of Tributary SA is most severe at the most upstream sampling point, suggest-
ing that lead in Tributary 5A may originate above the Allied facility. There are numerous
historical lead sources to Onondaga Lake related to metal finishing, burning of leaded gasoline,
METRO effluent and probably other sources. Allied releases of lead to Tributary SA have not
been documented. Lead concentrations in excess of the sediment injury criterion were noted at
the upstream end and near the mouth of the East Flume and near the mouth of Ninemile Creek
(PTI 1993a, PTI 1994). These data confirm a pathway from Allied releases to these tributaries
and Onondaga Lake, but there are potentially many other sources of lead around Onondaga
Lake.

13320DAP.DOC (WR R96-1) Onondaga Lake Natural Resource Damage Assessment Plan
November 30, 1996 66



NORMANDEAU ASSOCIATES

6.7.4

Data documenting the release of other metals from the Allied facilities is limited at
this time. Releases from the Allied operations and subsequent injuries to the Onondaga Lake
system are not demonstrable for other metals with the exception of lead which was known to
have been released from the Allied facilities (PTI 1992a). Review of existing data for injury
assessment as it pertains to lead is discussed in Appendix B, Section 5.0. A summary of the
Appendix B review is provided beio:;v. Potential injury criteria for lead are presented in Table
6-6.

TABLE 6-6. PROPOSED INJURY CRITERIA FOR LEAD".

SURFACE
WATER SEDIMENTS* AIR SOIL® BIOTA GROUNDWATER
(g welkg)  (eky ke (g/ke g/
Lead 31(798)" 31,000 ¢ SB¢ - 25

*See Appendix D for summary of available standards, criteria and guidance values.
*Values are for Class B and C waters with Class D waters in parentheses.

°SB - Site Background Levels

¢-- dashed line indicates that injury criteria is not available.

¢ For purposes of this plan, values are being used as screening criteria. Decisions on final
injury criteria for the assessment have not been made.

Surface water injuries have been demonstrated by lead concentrations in excess of
the injury criterion. Water samples in Tributary 5A and Harbor Brook exceeded the injury
criteria for lead on three occasions during high fiow periods in 1992. There were no docu-
mented exceedences from samples taken from the lake. Sediment samples from Tributary 5A,
the East Flume and from the lake near the mouth of Tributary SA had lead concentrations in
excess of injury criteria. Although these injuries have been determined, releases of lead to
Tributary 5A from Allied facilities has not been documented. Permitted releases of lead likely
contributed to observed concentrations in the water and sediments of the East Flume and the

sediments of Onondaga Lake.
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Geologic resource injuries can be determined for lead at the Willis Avenue Plant.
Lead in excess of site background concentrations was detected in several soil samples during
the remedial investigation at this location (Appendix B). This degree of contamination meets
the definition of an injury to the geologic resource (soil). These soils may be sources of lead to
the sediments of the tributaries. As such the soils meet the definition of an injured resource

(Appendix A).

Total lead was found in the groundwater downgradient of the Bridge Street Plant
site in the mid-1980's in sufficient quantities to demonstrate injury. However more recent data
(from 1991) indicates that exceedences of the groundwater injury criterion in their vicinity are

rare now. Injury to groundwater can not be determined from the 1991 data.

No other resource injuries from lead have been documented. Injuries attributable
to releases of lead from Allied will not be included in the damage assessment unless further
evidence is collected to document significant unpermitted releases from Allied and injuries to

the resources of Onondaga Lake.

6.7.5

Additional specific studies to evaluate potential natural resource injuries related to
releases of other metals from Allied operations are not recommended at this time because most
lead was released under a discharge permit and there are numerous other potentially larger
sources of lead to the Onondaga lake system. If future work identifies Allied operations as a
source of unpermitted releases of lead or other metals in sufficient quantities to have caused
additional demonstrable injuries to natural resources, this plan should be revised to inciude

studies to demonstrate and quantify injury with respect to these substances.
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6.8 IONIC WASTES
6.8.1 Introduction to lonic Wastes

In addition to organic compounds and metals released to Onondaga Lake, other
materials were also released by Allied. These other materials included ammonia, calcium/
calcite, chloride, and sodium and are referred to throughout the following discussion as "ionic
wastes." Their presence is primarily’the result of wastes from the Solvay process for produc-

ing soda ash (sodium carbonate).

Ammonia

Ammonia is commonly found in aquatic systems as a naturally occurring decom-
position product of organic matter. When compared to other nitrogen forms it is readily
utilized by plants (Wetzel 1983). Ammonia exists in water as un-ionized ammonia (NH;) and
ammonium ion (NH,+). Ammonia is an intermediary reactant of the Solvay process (PTI
1992a). In high concentrations, ammonia can be highly toxic to many aquatic organisms,
particularly fish. Toxicity of ammonia is most associated with the un-ionized ammonia and is
determined by pH, temperature. dissolved oxygen, and ionic strength. Levels of toxicity for
various organisms are presenied by (EPA 1985 as cited in PTI 1991a). Ammonia, unlike other

"jonic wastes" listed in this group, is a listed hazardous substance.

Calcium/Calcite

Calcium is the fifth most abundant element in the earth's crust (NYSDEC 1991). It
is an essential cation in aquatic systems, exhibiting minor seasonal variations in soft-water lakes
and marked seasonal dynamics in hard-water lakes. It plays a critical role in the buffering
system of lakes (Wetzel 1983). It can form calcite (CaCO;) such as that which has precipitated
in Onondaga Lake as a result of calcium discharges from the Solvay process for the production

of soda ash. Calcium/calcite is not.in itself toxic, but precipitates can reduce water transpar-
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ency, affect the benthic community through physical effects and accelerate the rate of deposi-
tion/sedimentation (PTI 1991). Calcium is also a contributor to water hardness which in turn
can influence the toxicity of some metals. Increased hardness reduces the toxicity of some

metals.

Chloride

Chloride is the ion of chlorine and is typically an important but not the dominant
anion in freshwater systems (Wetzel 1983). It is stable and generally unaffected by biological
processes in the aquatic environment (De Zuane 1990). Calcium chloride is a byproduct of the
reaction for producing soda ash (PTI 1992 unpublished). Dissolved chloride can have negative
effects on some freshwater organisms at high concentrations. The toxicity of chloride has been
discussed by PTI (1991a).

Sodium

Sodium is the sixth most common naturally occurring element. It is typically a
conservative cation in lakes with little seasonal variability (Wetzel 1983). Common salt (NaCl)
and soda ash are the two most common sodium compounds. Sodium as well as chloride and
calcium, contribute to the total ionic strength of a waterbody. Increased ionic strength can

have detrimental impacts on freshwater organisms.

6.8.2 Release of Ionic Wastes from Allied .

Historic activities in the vicinity of Onondaga Lake by Allied have involved the
use, production, storage and disposal of ionic wastes. Sources of ionic waste loading from
Allied can generally be divided among two categories; 1) spills and releases associated with

consumption of or production depending on ionic wastes, and 2) discharges of process waste
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including ionic wastes to the land surface, waste lagoons or watercourses in the vicinity of the

plant. These are discussed below.

6.8.2.1  Production, Consumption and Spills

In 1884 soda ash production by the Solvay process began at a facility on the
western shore of the lake. The overall reaction for the process is

-«

CaCO, + 2NaCl - Na,CO, + CaCI2 (1)

Ammonia was required for the chemical reactions, along with calcium carbonate and salt (PTI
1992a). The abundance of the reactants in the Syracuse area,hand the proximity of the lake for
disposal of waste and as a source of cooling water made the area an ideal location for the soda
ash industry. Millions of tons of salt and soda ash, and hundreds of thousands of tons of
calcium chloride, chlorine and ammonia weré‘ used between 1884 and 1985 (PTI 1992a) for the
production of ammonium bicarbonate, sodium nitrate, ammonium chloride, sodium bicarbon-
ate, sodium sesquicarbonate, ammonia caustic soda, caustic soda and caustic potash (PTI
1992a). Soda ash, calcium chioride and chiorine were manufactured on site and subsequently
used to manufacture other substances. Production and consumption records, dates and
quantities are detailed in PTI (1992a).

6.8.2.2  Waste Discharge

Sources of ionic waste dis,charges to Onondaga Lake from Allied fall into two
categories. First, large quantities of waste were discharged directly to the lake and the
tributary streams. These quantities are well documented (PTI 1992a). The second major
source of ionic waste release from Allied operations is indirect release from the wastebeds.
Unlike most other materials released by Allied, there are numerous other natural and anthropo-
genic sources of ionic wastes in the Onondaga Lake watershed. Attributing releases of ionic

wastes to Allied requires a careful mass balance analysis of ions in the tributaries and

13320DAP.DOC (WR R96-1) Onondaga Lake Natural Resource Damage Assessment Plan
November 30, 1996 71



LAKELAND

NOTE: Mumbers and letzers refer
to specific waste beds.

Onondaga
Lake

Source. Blasland § Bouck {1989)

LIVERPOOL

SYRACUSE

GALEVILLE

Figure 6-1. Onondaga Lake with the location of Solvay waste beds.

24




NORMANDEAU ASSOCIATES

development of a "signature” of the ionic wastes from Allied. Both categories of releases are

discussed below.

Large quantities of waste accompanied the production of soda ash. A waste shurry
(5-10% suspended solids) containing CaCl,, excess CaO and unreacted CaCO, and NaCl,
CaSO, and lime impurities (PTI 1992a) was pumped to waste beds which cover approximately
2000 acres of land in the vicinity of the lake to depths between 6 and 60 ft (Figure 6-1). The
soluble fraction, enriched in Cl, Na"+ and Ca?"*, drained off and entered the lake. Waste beds
were first located immediately adjoining the lake. Later they were placed along Ninemile
Creek (some of the deepest beds), upstream of the creek mouth (Figure 6-1). No impermeable
material was used to line the beds. The capacity of the soda ash plant was expanded in several
steps from the late 1800's through the mid-1960's.

The USEPA (1974) indicated that approximately 0.5 kg of NaCl and 1.0 kg of
CaCl, waste was generated, and subsequently discharged directly or indirectly to the lake, for
each kg of soda ash produced. The ionic waste was discharged directly to the lake, mostly
along the west shore, until the mid-1940's. From the mid-1940's to mid-1981 the ionic waste
was discharged to Ninemile Creek, which enters the lake along its western shore. Blasland and
Bouck (1989) estimate that 4000 tons of chloride were released per day in the early 1980's
compared to 400 tons per day in 1987. Starting in May 1981, a major portion of the ionic
waste was diverted to the Metropolitan Sewage Treatment Plant (METRO), 4.6 km to the
southeast (Figure 6-1), to precipitate phosphorus as a part of a tertiary treatment process. Soda
ash manufacture ceased in early 1986. METRO has continued to receive ionic waste from the
lagoon (Figure 6-1) since the closure of the facility. Effler and Whitehead (1995) also review

loading of ionic wastes to Onondaga Lake.

6.8.2.2.1 Jonic Waste Loading

Several parties have monitored inputs of ionic substances to Onondaga Lake
(Onondaga County 1974-1990, Effler et al. 1975, 1991, 1995; PTI 1993b). Flows of the
important tributaries and METRO-are continuously gauged (Effler and Whitehead 1995).
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Annual loading estimates for CI', Na*, and Ca** to the lake for the 1974-1989
period are presented in Figure 6-2 (a-c; Effler et al. 1995). Variations in the estimated loading
of these three constituents have paralleled each other over this period, consistent with the
uniform ion concentration ratios characteristic of the Solvay Process ionic waste (Table 6-7).
The range of the summed annual loading of ClI', Na™, and Ca?* over the 1974-1985 interval
was 9.5 - 16.4 x 10® kg. The average over this 12 y period was 12 x 10° kg, or 1.2 million
metric tons. Over the 1974 - 1980 period, approximately 86, 71, and 78 % of the annual loads
of CI', Na*, and Ca** that entered ths, lake came from Ninemile Creek (Figure 6-2). The
diversion of the discharge (1981-1986) from the waste beds to METRO represented a major
shift in the point of entry (Figure 6-2). However, the diversion did not result in a substantial

reduction in the overall loading of these constituents to the lake (Figure 6-3).

TABLE 6-7. ION RATIOS, SODIUM, CHLORIDE AND CALCIUM.

Ion Ratio Ratio Values X cv
(1) 2) 3)

Na*/Ca?* 0.45 0.55 = 061 0.54 0.15
CI'/Na* 5.34 488 435 4.86 0.10
Cl/Ca** 2.43 269 267 2.60 0.06

(1) O'Brien & Gere 1969
(2) USEPA 1974
(3) Blasland & Bouck 1989b

Abrupt decreases in loadings of CT, Na*, and Ca®* to the lake occurred in 1986
with the closure of the soda ash facility (Figure 6-2). By 1989, the summed load was 1.4 X 108
kg, or about 12% of the pre-closure load. By 1989, the annual loading of CI', Na*, and Calt
had decreased by 79, 67, and 70% from the average documented for the 1974-1985 period, as

a result of the closure of the facility.
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Ionic waste loading has continued (Effler et al. 1995, Effler and Whitehead 1995)
since closure of the facility. Most of the ionic waste from soda ash manufacture that continues
to be released enters Ninemile Creek in the area of the most recently active waste beds. Large
increases in CI, Na*, and Ca?* concentrations downstream of the waste beds have been
observed (Lakeland station, e.g., Effler et al. 19591, CDR 1991b, Effler and Whitehead 1995).
The constant relationships maintained among these three constituents in the stream below the
beds indicates that it is Solvay Waste (Table 6-7) (Effler et al. 1995, Effler and Whitehead
1995). The average CI' concentration at Amboy (located on Ninemile Creek upstream of the
waste beds) was less than 7% (54 mgTL“) of the average observed at Lakeland (821 mg-L7),
over a 12 month interval in 1989 and 1990 (Effler et al. 1991). A strong inverse relationship
exists between concentrations of ionic wastes and flow downstream of the waste beds in
Ninemile Creek (Effler and Whitehead 1995), indicating that the load is largely independent of
stream flow and therefore probably enters the stream as leachate from the wastebeds. Blasland
and Bouck (1989b) support this finding, estimating that over one-half of the chloride loading to
Onondaga Lake comes from groundwater. The ionic waste from soda ash production also
continues to enter the lake via METRO, associated with irregular reception of waterborne ionic
wastes from a lagoon adjoining the waste beds that continues to fill (Figure 6-1). Approxi-
mately 55% (50% from Ninemile Creek and 5 % from METRO) of the total external CI" load
that continues to be received by Onondaga Lake has its origins as soda ash waste (Effler et al.
1995, Effler and Whitehead 1995). The estimates for loading of Na* and Ca** to the lake from
the soda ash waste are somewhat less certain, but are about 42 and 30%, respectively (Effler
and Whitehead 1995).

Additional potential sources of sodium and chloride to Onondaga Lake related to
Allied operations include artesian discharge of sediment (Effler et al. 1992) and Na* and CI"
(Effler and Whitehead 1995) inputs to Onondaga Creek at "mud boils” upstream of the lake (33
km) in the Tully Valley. Periodic breaks in the brine line that extends from Tully Valley to the
facility on the western shore of the lake have caused short-term increases in Cl and Na”

concentrations and related fish kills in Onondaga Creek in the past.

The concentrations of CI' (Figure 6-4), Na*, and Ca’* in Onondaga Lake decreased

rapidly in response to the abrupt decreases in loading and the rapid flushing rate of the lake
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following the closure of the soda ash/chlor-alkali facility (Doerr et al. 1994). The contribution
of these three constituents to the lake's ionic strength has decreased since closure of the facility
from more than 85% to less than 70%. The volume-weighted average salinity of the lake for
the 1968-198S interval before closure was about 3 parts per thousand (°/..). By 1990 the
salinity had decreased 60% to 1.2°/.. (Figure 6-5). An error in the presentation of the
system-specific equation of state for Onondaga Lake, developed by Effler et al. (1986), was
corrected in the treatment presented by Effler (1995).

Effler (1987) reviewed earlier analyses (O'Brien & Gere 1973, Rooney 1973), that
had been based on limited data, that indicated the soda ash/chlor-alkali facility's contribution to
the Cl" concentration in the lake before closure was 50-60% (i.e., 40-50% originated from
natural sources). Effler (1987) contended the contribution from the facility was much higher,
about 80%, based on the results of a ClI' mass balance analysis conducted at a yearly time step
over the 1970-1981 period by Effler and Driscoll (1986; they concluded > 85%). The average
CI' concentration in the lake over the 1973-1985 period was 1585 mg-L*'; the average for 1990
and 1991 was 430 mg-L' (Doerr et al. 1994). Thus the reduction from the last 13 years of
operation of the facility was 73 %, establishing that the contribution of the facility during its
operation was substantially more than the earlier estimates (30-60%) of O'Brien & Gere (1973)
and Rooney (1973).

6.8.2.2.2 Ammonia Loading

Effler et al. (1991) also found that a substantial load of total ammonia (T-NH,)
enters Ninemile Creek in the area of the most recently filled waste beds. The concentrations of
T-NH; and Cl were highly correlated in the creek, hnplymg*me same source for these
constituents (Effler et al. 1991). Ammonia, an important intermediary reactant in the Solvay
process, was largely recycled. PTI (1991a) estimated that between 1970 and 1986, discharges
of ammonia from Allied (assuming all East Flume and Ninemile Creek ammonia was from
Allied) represented 35 % of the annual loading to the lake from all measured sources. PTI
(1991a) indicated that this contribution was reduced to 7% after closure of the plant based on

data from 1586-1989. However, it would probably represent the single largest source of
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T-NH, to the lake if METRO discharges were diverted. The Allied source is not critical to
meeting the free ammonia standard for the lake for non-salmonids, but it could be critical if a

salmonid goal for the lake was established.

6.8.3

Ionic waste releases to tlle land surface and surface water have been discussed
above in Section 6.8.2. These releases directly impacted geologic resources on the site and
tributary streams originating on the site (East Flume, West Flume) and passing through the site
(Geddes Brook, Tributary 5A and Ninemile Creek).

Ionic wastes discharge to Onondaga Lake and its tributary streams have been
documented (Effler et al. 1991, CDR 1991b, PTI 1992a, Effler and Whitehead 1995).
Groundwater contamination by ionic wastes has been well documented. It appears that
groundwater discharge from beneath the waste beds to tributary surface water is currently the
primary pathway from the site to Onondaga Lake. The sediments of Onondaga Lake are
extremely calcium rich, indicating an extended period of historic ionic waste discharge.
Density-induced stratification in the river caused by the elevated density of Onondaga Lake
water relative to Seneca River water extends upstream from the Onondaga Lake outlet in the
Seneca/Oswego River for an undetermined distance and downstream of the lake outlet
indicating a link between ionic wastes discharged from Allied and injuries in the Sen-

eca/Oswego River system.

Chemical analyses of the ionic waste leaving the wastebeds reported by three
different groups (O'Brien and Gere 1969, USEPA 1974, Blasland and Bouck 1989b) indicate
that the ratios of the concentrations of the three principal ions (Table 6-7) have been constant,
thereby representing a signature of this source of loading of these constituents. Note that the
CI'/Na* ratio of the Solvay Process waste (Table 6-7) differs greatly from that of NaCl brine
(CI'/Na* (by weight) = 1.54).
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Doerr et al. (1994) developed and validated a completely-mixed dynamic Cl" mass
balance model for Onondaga Lake for the period 1973-1991 based on daily time series of
surface inflows and estimates of CI" loads carried by those inflows as well as sediment flux and
backflow from the outlet. The model predicts the average lake concentration would be about
230 mg-L", or about 50% of the prevailing concentration, if the continuing inputs of soda ash
waste were eliminated (Doerr et al. 1994). This analysis indicates that 85% of the pre-closure
CI' concentration (1585 mg-L"') was attributable to the ionic waste discharge from the soda
ash/chlor-alkali facility, consistent with the earlier analysis of Effler and Driscoll (1986). This
estimate of the facility's contribution to the Cl" concentration of the lake was considered
conservative, as direct inputs from the older waste beds bordering the lake were not quantified,

and loadings from the mud boils were not attributed to Allied in the model simulation.

6.8.4

Ionic wastes other than ammonia are not classified as hazardous wastes by USEPA
or NYSDEC. Therefore, determination and quantification of injury pursuant to the Natural
Resource Damage Assessment regulations (43 CFR Part 11) does not apply. Rather, the
discussion of injuries that follows is intended to show that the ionic wastes have significantly
altered the physical, chemical and biclogical processes of the Onondaga lake system. Appendix
B, Section 6.0 provides a detailed discussion of the data to date concerning the impacts of ionic
waste releases. A summary of the Appendix B review is provided below. The limited

proposed injury criteria available for ionic wastes are summarized in Table 6-8.
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TABLE 6-8. PROPOSED INJURY CRITERIA FOR IONIC WASTES".

SURFACE
WATER SEDIMENTS AIR SOIL. BIOTA GROUNDWATER
(g (ng/kg) (ug/kg)  (ug/kg) (ug/kg) (gl
Ammonia (un-ionized) 19° -4 - 2 X o
Ammonia (total) e =i £ . o 2000
Calcite - . i e = -
Chloride Lttt - s = - 250,000

*See Appendix D for summary of available standards, criteria and guidance values.
*At pH 7.5 and temperature of 15°C.

‘NH; + NH,as N

°.- dashed line indicates that an injury criterion is not available.

Surface water impacts result primarily because of the high ionic strength of the
ionic wastes. Inflow to the lake of high ionic strength water creates a plunging underflow
phenomenon whereby the high density ion rich inflow water tends to plunge to the bottom of
the lake. This creates a strong density induced stratification in the lake resulting in a longer
period of stratification than would be typical for Onondaga Lake and an exacerbation of anoxic
conditions in the hypolimnion, by isolating the hypolimnetic water and reducing re-aeration.
Although stratification would likely occur naturally in the lake, the ionic inputs prolong
stratification and in some years have prevented turnover. At turnover, the entire lake water
column at times has been in violation of the water quality standard for dissolved oxygen. The
jonic input has extended to the Seneca River resulting in density stratification due to differences
in the jonic strength of surface water versus water at depth both upstream and downstream of
the outlet of Onondaga Lake. Violations of the State minimum dissolved oxygen standard have
been documented in the lower layers of the Seneca River. Although components of ionic
wastes are not considered hazardous substances, lake samples have shown ammonia, which is
classified as a hazardous substance, concentrations exceeding the Class B and C water quality
standards. Elevated ammonia concentrations have also been documented in the bottom layers
of the Seneca River. Chloride concentrations have been found to be in excess of the chronic

criteria for freshwater aquatic life.,
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Sediments of the lake have been impacted by the deposition and formation of
oncolites and flocculent calcium-rich sediment. The deposition has covered the historical
sediments of the littoral zone of the lake. This sediment is poor substrate for the growth of
macrophytes. In addition, high ammonia concentrations may have contributed to the toxicity of

the sediments but this effect has not been documented sufficiently.

Biological impacts from ionic wastes have been extensive and have resuited
primarily from the change in water chemistry associated with the inputs. Reduced dissolved
oxygen in the hypolimnion has reduced if not eliminated the ability of cold/deep water fish
species to survive in Onondaga Lake. There is documentation of Atlantic salmon and cisco
populations in the lake in the 1800's. The existing fish community is dominated by plankti-
vorous fishes such as gizzard shad (UFI 1994). Bluegill, pumpkinseed and white perch are also
common. The top predators in the lake are smallmouth and largemouth bass. The lake fish
community is now classified as a warmwater fish community. The increased salinity of the
lake has changed the composition of the aquatic community to more salt tolerant species and
reduced species diversity. Macrophytes and benthic invertebrate communities have been
reduced substantiaily due to the formation of oncolites and deposition of flocculent calcium-rich
sediments in the littoral zone. Ammonia toxicity may also play a role in impacting the

biological communities; however, this has not been well documented through the existing data.

Potential groundwater injuries have been documented through the release of sodium
and ammonia. Exceedences of the injury criterion for sodium have been found in groundwater
at the Semet Residue Ponds, Willis Avenue Plant, Petroleum Storage Facility, and associated
hotspots. Ammonia concentrations in excess of injury criterion were documented in groundwa-
ter under Waste Beds 12-15 and under nearshore sediments of the lake.

.

Based on data to date, injuries to air resources and geologic resources cannot be
quantified. Because of the nature of the substances, it is unlikely that injuries to air resources
would result. Standards for ionic wastes do not exist when associated with geologic resources.

However, if the soil is toxic to biota, the soil is injured (Appendix A).
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6.8.5

Several focused investigations to evaluate potential natural resource injuries related

to releases of ionic wastes from Allied operations are described below.

6.8.5.1

Purpose: To determine acreage and ecological functions of wetlands currently
impacted by ionic waste loading.

Approximate Cost: $50-80 K.

Assessment of wetland injury from ionic wastes will include three tasks. Color
infra-red aerial photographs of wetlands in the study area will be taken and reviewed to identify
areas of apparent vegetation stress (identified by a lack of reflectance). Two wetlands with
apparent vegetation stress, in the vicinity of ionic waste discharge points, will be assessed in the
field for plant community structure and composition, and ionic waste concentrations in
sediments and surface waters. Observed and recently reported plant species composition in
wetlands such as Van Druff and Pike (1992) should be compared to any available historical
wetland plant species lists and significant differences identified. Finally, functional assessments
of these wetlands will be performed to identify services that are performed by these wetlands.
Identical vegetation and functional assessment studies will be performed in two reference
wetlands (see Section 7.0). Injury to the wetlands of Onondaga Lake will be quantified by
comparing vegetation density and functional values in wetlands impacted by Allied releases to

unimpacted reference wetlands. A detailed assessment plan is included in Appendix C.
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6.8.5.2

Purpose: To assess the extent and value of historic wetlands filled with Solvay and
other process waste.

Approximate Cost: $30-50K.

Physical impacts to wetlands from discharge of wastes to the waste beds can be
assessed by interpretation of historical maps and aerial photographs of the Allied property,
facilities and lakeshore, and review of existing soil boring data (from sources such as NYDOT
and O'Brien & Gere, 1991 and 1993) which documents the location of peat deposits encoun-
tered below fill attributed to Allied. Historical aerial photographs available span the years from
1938 to 1988 (Blasland and Bouck 1989c). Historical maps of Onondaga County dating back
to 1860 may also indicate swamp and marsh locations. A chronology of wetland impacts
corresponding to photography and map dates and other historical references will be established.
Relevant dates of regulatory authority over discharges to wetlands will also be identified on the
timeline, and compensable impacts identified. General functional assessments can be per-

formed to identify the probable functions the lost wetlands once performed.

Purpose: To compare the current extent, species composition and habitat value of
macrophyte beds in Onondaga Lake with reference lakes.

>

Approximate Cost: $80-150K.

An assessment of the condition and extent of aquatic macrophyte beds should be
performed and compared to macrophyte bed data from Onondaga Lake obtained during the
RI/FS (PTI 1991b). Low altitude, overlapping true color aerial photographs will be taken of
the reference lake(s) if appropriate existing photos are not available. The cost of taking these

photos is not included in the cost estimate above. The photography dates should be as close as
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possible to the month and day the Onondaga Lake photographs were taken to maximize
comparability of seasonal plant development. If aerial photography dates cannot be closely
matched, new aerial photos of Onondaga Lake will be taken along with the reference lake
photos. The cost of taking new photos is not included in the cost estimate provided above.
The photos will be reviewed with stereoscopes and macrophyte beds mapped. The influence of
water clarity and light penetration will be taken into account in the evaluation of photographs.
The 10 largest macrophyte beds on each lake will be field checked by boat, and species
composition and relative abundance will be recorded. These data will be compared to the
macrophyte abundance and composi';ion of Onondaga Lake as mapped and described by PTI
(1991b). Differences not attributable to natural lake features will represent the macrophyte
injury assuming that the services provided by macrophytes in lakes to fish, other aquatic biota
and wildlife are proportional to macrophyte abundance and composition. The results of this

study can also be used to evaluate the effectiveness of macrophyte restoration alternatives.
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7.0 TASK 2: BASELINE DETERMINATION

oY

Purpose: To determine a baseline level of ecological services for the natural resourc-
es of Onondaga Lake.

Approximate Cost: $250-350K

Injury quantification is proposed to be determined in this plan by comparison of the
resource (the Onondaga Lake system) and the level of services associated with the resource to a
baseline level of the resource and associated ecological and human services that would have
been provided by the lake had the Allied releases not occurred. This section addresses only
ecological services. Other services are addressed in Section 9. The same procedure is applied

to both hazardous and non-hazardous substances.

In preparing the NRDA sampling plan, the enabling federal regulations were used
for guidance. The regulations specifically define "Baseline as:

"...the condition or conditions that would have existed at the assess-
ment area had the discharge of oil or release of hazardous substance
under investigation not occurred.”

43 CFR 11 §11.14(e)

These regulations further provide that:

"Baseline data should reflect conditions that would have been expected
at the assessment area had the discharge of oil or release of hazardous
substances not occurred, taking into account both natural processes and
those that are the result of human activities.”

+ 43 CFR 11 §11.72(b)X1)

Further, in the absence of appropriate historical data, baseline data should be

collected from control areas and:

"One or more control areas shall be selected based on their similarity to
the assessment area and lack of exposure to the discharge or release.”

43 CFR 11 §11.72(d)(1)
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And

"For each injured standing water body, such as a marsh, pond, lake,
bay or estuary, a controlled area shall be designated consisting of a
standing water body of similar size that is as near to the assessment
area as practical, such that the sediment characteristics and the water
and inflow-outflow characteristics of the control area, because of
location, have not been exposed to the discharge or release.”

43 CFR 11 §11.72(g)(3)ii)
In addition

" the definition of baselige takes into account decreases, as well as
increases, in the level of services that would have been provided in the
absence of the discharge or release.”

58 F.R. 39338 (July 22, 1993)

Establishment of baseline conditions for quantifying injuries related to the discharge
or release of hazardous and/or non-hazardous substances requires one of two things: a)
extensive historical data of the injured resources prior to the release, or b) a carefully selected
unimpacted control area(s) where focused sampling can establish what the baseline conditions

were likely to have been in the damaged resource prior to the release.

For Onondaga Lake, there are few historibal data to make a baseline assessment
because releases of substances from Allied predate any systematic data collection on the
ecological components of the lake system. Some anecdotal historical evidence related to the
fishery and water quality is available and may prove useful as a confirmation or supplementa-
tion of baseline, but these data alone are not sufficient to meet the quantification needs of an
NRDA. This plan therefore proposes establishing baseline conditions through the selection and
use of a reference lake system(s). Data collection efforts focused on the reference system(s)
will generate data that can be directly compared to data used for injury determination for
Onondaga Lake.

Calculating a baseline for the natural resources of Onondaga Lake, however,
presents a number of challenges. The cited guidelines call for a determination of "expected”
conditions at the site had Allied not caused a release of hazardous substances, taking into

~account "natural processes” and "human activities.” The guidelines also call for taking into

Y
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account anticipated decreases or increases in the level of services provided by the resource.
The application of these guidelines is relatively straight forward when applied to a release of a
hazardous substance at a specific place and time even where the site had been previcusly
impacted by, for example, municipal effluent. See example cited in March 25, 1994 Federal

Register notice, at 14270.

Determining "expected” conditions for the Onondaga Lake system is more difficult
in light of discharges by Allied which span almost one hundred years, involve different waste
streamns whose characteristics change over time, overlap, at times, with discharges by third
parties of municipal and industrial effluent, and appear to influence and promote discharges by
third parties. Consequently, establishing "expected” conditions may require a review of
historical discharge activities and related matters at and in the environs of the Lake, as well as
improvements in the ecological condition of the Lake resulting from anticipated remedial

actions by other parties.

dl

The above cited guidelines were interpreted to mean that control or reference

area(s) should be as similar as possible to the injured resource, except that the control areas
should have no exposure to the hazardous and non-hazardous materials released by Allied.
These similarities should include physical, chemical and biological characteristics to insure that
the control area(s) serves as a suitable surrogate for Onondaga Lake. With respect to water
quality and sediment resources, reference lake selection criteria must be developed which focus
on those characteristics which play dominant roles in inﬂueﬁcing water and sediment quality.
These criteria should include but are not limited to size (length, width, mean depth), flushing
rate, epilimnetic to hypolimnetic volume ratio, orientation to prevailing winds, proximity to
Onondaga Lake, and comparable marl lake calcium concentrations. Other limnological
parameters may also be considered for inclusion, but all parameters should be independent of

one another to avoid biasing similarity comparisons.
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Selection criteria should be rigorously evaluated using an appropriate statistical
method capable of grouping lakes with similar characteristics. One method that could be
considered is cluster analysis. Alternative approaches for selection of reference lake(s) may

also be employed, if appropriate.

After an appropriate reference lake(s) has been selected, available data must be
reviewed and sampling must be conducted to establish baseline conditions where existing data
are insufficient. Methods for sampling and analysis of surface water and sediment resources to
establish baseline are discussed funh;r in Appendix C. Sampling and analysis should be
conducted in accordance with procedures outlined in PTI (1991b) and the quality assurance
protocol presented in PTI (1991c¢) to ensure that data collected are comparable to data collected

on Onondaga Lake and used for injury determination.

7.2

Numerous instances of injury to tributaries at Onondaga Lake have been docu-

mented (Section 6.2-6.9, Appendix B). Quantification of these injuries can only be accom-
plished through comparison of data with an appropriate baseline. Baseline data for Onondaga
Lake tributaries influenced by releases of hazardous and non-hazardous substances from Allied
(Harbor Brook, the East Flume, Tributary 5A, Geddes Brook, the West Flume and Ninemile
Creek) should ideally come from samples collected upstream of the Allied facilities and
wastebeds. This is possible for Harbor Brook, Tributary SA, Geddes Brook and N inemile
Creek. It is not possible for the East and West Flumes which originate on the Allied property.
It is suggested that upstream data from Geddes Brook and Ninemile Creek be used to establish
baseline conditions for the East and West Flumes. Much of these data already exist. Existing
data to be used for baseline estimation for surface water and sediments should be compiled. If
data are determined to be insufficient, additional focussed investigations may be required. Any
additional data should be collected according to the procedures for sampling and analysis

presented in PTI (1991a) and the quality assurance protocol presented in PTI (1991c).

N
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13

Injuries to groundwater resources are limited almost exclusively to hazardous
organic compounds and mercury, at least with respect to NRDA criteria. Several groundwater
investigations in the vicinity of the waste beds, the Semet Residue Ponds, the Willis Avenue
Plant, the Petroleum Storage Facility and associated hotspots have clearly established ground-
water contamination by BTEX compounds, chlorobenzenes and PAH's. Upgradient monitoring
wells show that Allied activities are the source of organic compounds seen in downgradient
monitoring wells, although in some upgradient wells, low concentrations of organic compounds
apparently from other sources are evident. Regardless, organic compounds are not expected to
be found in natural groundwaters that are not influenced by significant sources of contamina-
tion. Thus, baseline determination assumes undetectable concentrations of these site organic
compounds and upgradient reference wells are not essential té determine baseline for these
substances. If upgradient wells can be established which accurately reflect upgradient

conditions on the site, they will be sampled to confirm baseline.

With respect to mercury, the Willis Avenue Plant site and the Bridge Street Plant
site have documented groundwater mercury concentrations in excess of injury criteria.
Upgradient wells at the site are sufficient to establish a background concentration of mercury in

groundwater in the area to be used as a baseline.

Groundwater beneath Allied property is also contaminated with ionic wastes. In
particular, ammonia concentrations in groundwaters associated with the waste beds generally
exceed Class GA groundwater standards. This contamination can be clearly attributed to Allied
and upgradient wells are sufficient to establish baseline conditions.

.

Other ionic wastes such as chloride, sodium and calcium also have elevated
concentrations, but it is not known to what extent those concentrations are attributable to Allied
or to natural background levels. It is known that historic salt springs on the Allied site were
used extensively, first for salt production and later as brine for the Solvay process. When this
source of brine was depleted, brine was "mined" from nearby Tully Valley. Calcium concen-

trations in groundwater were likely also elevated due to the dissolution of gypsum in the
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Syracuse and Vernon formations. The extent to which elevated levels of jonic wastes were
distributed uniformly throughout the site or perhaps isolated to spring areas is not known. A
"fingerprinting" method for identifying ionic substances which originated at Allied was
presented in Section 6.8.2.2.1. This method should be employed in the evaluation of
upgradient monitoring wells to insure that Allied related substances have not influenced the
water quality of candidate wells. This is especially important in the vicinity of the waste beds
where mounding of groundwater under the beds may make it difficult to distinguish between

upgradient and downgradient monitoring locations.
-+

7.4 BASELINE DETERMINATION FOR GEOLOGIC RESOURCES

No specific baseline soil studies are recommended. Instead, injury quantification
will be accomplished using guidance provided by USGS's "Element Concentrations in Soils,”
(1984). Preference will be given to the use of "predisposal” soil conditions to represent
baseline. The extent to which soils may continue to cause injury to other natural resources
under any RI/FS remedial response plan that permits concentrations higher than those found
under "predisposal” conditions will be evaluated as a part of the baseline determination for

geologic resources.

1.5

The absence of accurate limnological records for Onondaga Lake and its tributaries
prior to the release of substances by Allied requires selection of one or more control areas to
establish baseline conditions for natural resource damage assessment. The baseline condition
for the fish community of Onondaga Lake is the fish population abundance and diversity that
would be present now if the release of substances by Allied had not occurred. The difference
between the existing fish community in Onondaga lake (that has been subjected to Allied’s
releases) and the baseline condition (community that would now exist without Allied's effects)

represents the loss of the fish community to be quantified for restoration or replacement. The

Y
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assessment of lost fishing opportunity and related economic effects are described in Section 9.0

of this plan. .~

Lake restoration plans are generally formulated around the premise that restoring
or improving the habitat conditions will lead to a concomitant increase in fish stocks up to
equilibrium carrying capacity. However, the nature of the relationship between habitat
improvement and the increase in fish production is functionally complex and generally difficult

to model.

Whole lake empirical models correlating ecosystem attributes to observed fish yield
have been widely used since their inception by Ryder (1965) as the morphoedaphic index
(MEI). The MEI is essentially an index of the lake ecosystem derived from statistical analysis
of a large number of lakes. The MEI originated as a quick method of predicting potential total
fish yields from unexploited north-temperate lakes (Ryder et al. 1974). In its original form, the
MEI is a log-linear regression equation predicting annual fish yield (kg/hectare/year) in a lake
as a power function of the ratio of total dissolved solids (TDS in mg/liter) divided by the mean
depth of the lake in meters. As an empirical model, the underlying functional dynamics
between habitat and carrying capacity are not modeled. The behavior of the MEI model in
predicting fish yield for lakes whose conditions fall outside the range of the empirical set is
unknown. Therefore, selection of a representative set of baseline lakes is critical to effectively
applying the MEI approach to predicting fish yield or related parameters like standing crop or

biomass (kg/hectare) for Onondaga Lake under baseline conditions.

7.5.1 Study Design Considerations

S

The MEI approach appears to be suited for developing an empirical model to
predict baseline conditions for the Onondaga Lake fish community. The two primary consider-
ations for developing the model are that the statistical assumptions of the modeling technique

must be met, and that the limnological requirements of Ryder et al. (1974) must be satisfied.
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Annual fish yield (kg/hectare/year) or biomass (kg/hectare) for Onondaga Lake
should be predicted using a multiple regression model that characterizes the morphometry and
fertility of the reference lakes. The fish community represented by the fish yield or biomass
parameter is intended to represent primarily gamefish, including fishes in the families
Salmonidae (trouts), Esocidae (pikes), Moronidae (temperate basses), Centrarchidae (sunfish-
es), and Percidae (perches). The predicted yield or biomass may also be apportioned into cold-
and warm-water gamefish based on the percentage of Saimonidae (cold-water) among the
reference lakes. The selection of yield or biomass as the response variable for measuring the
fish community in the multiple regre;sion model will depend on the availability of these data

for the reference lakes.

The multiple regression approach overcomes the statistical concerns with the MEI
by not relying on simplifying ratios (Jackson et al. 1990; Rempel and Colby 1991). The
multiple regression model will relate morphometric and limnological features of the reference
set of lakes to select the set of parameters that are best correlated with annual gamefish yield or
biomass in these lakes. The simplest model with the fewest significant independent variables

that accounts for the greatest amount of variability in the reference lake set should be used.

Performance standards for developing an acceptable multiple regression model to
predict annual gamefish yield (biomass) in Onondaga Lake under baseline conditions are
precision and accuracy based on point estimate 95% confidence limits from the regression
model of +25% of the true baseline condition. This level of precision and accuracy is
consistent with the data requirements for studies with specific management objectives (Robson
and Regier 1964), and is also similar to the accuracy observed for the MEI as applied to the
Great Lakes (Leach and Herron 1992).

A set of control lakes will be used to represent the "average" baseline condition for
the Onondaga Lake fish community. To achieve the target level of precision and accuracy of
the multiple regression model, it will be important to include at least ten or eleven lakes in the
reference set that represent the range of limnological and habitat conditions considered to
bracket the baseline condition for Onondaga Lake. If the reference set of lakes for limnological

conditions contains fewer lakes or lakes that are clustered about a single level of gamefish yield
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(biomass), it will be necessary to add lakes to create a reference set appropriate for developing
a regression model. The reference lake set should include several that have lower gamefish
yields (biomass) and several that are higher than the baseline condition for Onondaga Lake, and
should ideally be distributed relatively evenly along the continuum from low to high gamefish
yields (biomass). The lakes in the reference set should not be clustered at one or two levels of
gamefish yields (biomass), otherwise the predictive power of the model may be artificially

enhanced but the accuracy may be diminished.

It is likely that the Finger Lakes or related, smaller lakes in the region wiil serve as
the set of reference lakes for determining baseline fisheries conditions in Onondaga Lake.
Morphometric and limnological features to be evaluated as independent variables in the
multiple regression model for each reference lake will include, but will not be limited to,
surface area, lake volume, mean depth, epilimnion volume, metalimnion volume, hypolimnion
volume, Secchi depth, trophogenic zone volume, shoreline development index, flushing rate,
degree days during the growing season, TDS, total alkalinity, inorganic turbidity, July mean
daily air temperature, winter total phosphorus, chlorophyll a, total organic carbon, and
hypolimnetic dissolved oxygen concentration (July). These independent variables should be
selectively evaluated in the multiple regression model to reduce possible influence of intercor-

relation or multicollinearity.

The criterion of “moderate to intensive fishing effort” for establishing gamefish
yield (biomass) as the dependent variable in the multiple regression model is intended by Ryder
et al. (1974) to mean any harvest that takes different species opportunistically with an effort
that is sufficient to influence growth rates, natural mortality rates, recruitment or changes in
abundance of a multi-species fishery. Lakes from the reference set must also have one or more
annual estimates of gamefish yield or biomass corresponding* to the limnological parameters

that will be evaluated as the independent variables in the model.

We suspect that existing fisheries and limnological data already exist in the DEC
files for the Finger Lakes and related, smaller lakes to select a set of reference lakes that best
describe the predictive relationship for gamefish yield or biomass under baseline conditions in

Onondaga Lake. If some of the parameters have not been determined or cannot be derived
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from existing data, the best predictive model could be developed with the available data and
evaluated to see if it satisfies the performance standards. If supplemental data are needed, these
data should be obtained according to the protocols in Appendix C of the plan. Additional data
may be reguired to apportion the fish community into cold-water and warm-water communities

based on hypolimnetic and epilimnetic gill net catches.

7.6

7.6.1 Wildlife

To date, few injuries to Onondaga wildlife have been documented. Therefore, no
baseline studies are proposed at this time. However, if continuing field work finds conclusively
that wildlife has been injured appropriate studies should be developed to quantify the baseline
condition for these resources. For example: Ducey and Newman 1994, have found evidence
of impact to reptile and amphibian populations. If review of these data during the assessment
indicates injury that can be attributed to Allied releases, review of baseline data, and/or design

of baseline studies will occur such as those provided in Ducey and Newman (1994).

7.62  Aquatic Biota

In order to determine the extent of damage to the aquatic biota in Onondaga Lake,
a comparison of biological communities must be made between Onondaga Lake and the
selected reference lake. To make this comparison, there must be sufficient data on the biota of
the reference lake. After selection of the reference lake as described above existing data will
be reviewed. If the existing data are inadequate, field studies will be initiated to characterize

the biota of the reference lake.

The field studies will involve sample collection of phytoplankton, zooplankton and

benthic invertebrates. The sampling data will be used to determine types and populations of
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species present in the reference lake. In addition, studies will be conducted to determine the

bioaccurnulation of methyl mercury and total mercury similaro the studies conducted as part
of the remedial investigation (PTI 1993b, PTI 1993c, PTI 1993{ and PTI 1993g). A detailed
description of the study plans is presented in Appendix C.

7.6.3 Wetlands

Wetland vegetation community sampling, sediment and surface water sampling and
functional assessments performed on Onondaga Lake wetlands will be also performed on
selected reference wetlands. A reference wetland without contamination will be selected for
each study wetland based on similarity of wetland classes, soils and surficial geology, hydro-
logic regime, aspect, watershed size, and topographic position. Review of existing resource
maps (i.e., NWI maps, NRCS maps, topographic maps, etc.) coupled with site reconnaissance
will be necessary for selection of reference wetlands. The universe of potential reference
wetlands will include all those near the mar! lakes in the reference lake set. The reference

wetlands need not all be located on the same lake.

7.6.4 Aquatic Macrophytes

While qualitative evidence suggests that the abundance and species diversity of
Onondaga Lake aquatic macrophytes is low compared to other lakes in New York State
(Madsen et al. 1993; PTI 1991c; USACOE 1991; Dean and Eggleston 1984 as referenced in
UFI, 1994), quantification of injury requires direct comparisons of existing Onondaga Lake
macrophyte data with pre-injury conditions or with reference lakes. Loss of macrophytes and
associated services should be determined through comparison of the extent and species diversity
of Onondaga macrophyte beds with predicted macrophyte bed abundance derived from
reference lake studies. The baseline reference lake characteristics of importance includes
bathymetry, fetch, exposure, nutrient concentrations, water level fluctuations, and sediment
type. The extent of macrophyte beds on the reference lake set should be determined through
aerial photo review, as described in the RI/FS Work Plan (PTI 1991a). The ten largest
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macrophyte beds on each reference lake should be visited and species composition and relative
abundance recorded. This information should then be compared with similar data collected
from Onondaga Lake by PTI (1991b). This will determine the acreage and composition of

macrophyte beds injured and in need of restoration.
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8.0 TASK 3: RESTORATION PLANNING

~

Purpose: To develop a list of alternatives for restoring natural resource services in
Onondaga Lake, evaluate those alternatives through a feasibility study,
develop a restoration plan, and estimate restoration costs.

Approximate Cost: $100-250K

8.1

Restoration of natural resources via a damage claim includes the restoration,

replacement or acquisition of the equivalent of the injured resources (and their services) (§
107(f)(1) of CERCLA). Remedial actions are currently being considered for the Onondaga
Lake system as a part of the CERCLA site remediation efforts. Some of these efforts will, in
part, restore resource services lost as a result of releases of substances from Allied. The extent
of restoration to be completed through the site remediation efforts is largely unknown at this
time. In order to develop this plan assumptions were made regarding the extent of restoration
to be expected through the remedial efforts. A summary of all natural resources with sufficient

existing data to document injury is presented in Table 8-1.

8.1.1

It is assumed for purposes of this natural resource damage assessment plan that the
following actions will be undertaken as a part of the remedial actions currently underway in
response to Allied releases. The restoration options detailed later in this section were devel-

oped assuming that the remediation described here will be completed.

1 All organic contamination sources including BTEX, chlorinated benzenes,
and PAHs on the historic Allied property will be located and remediated to
soil cleanup objectives (NYSDEC 1994b). Implicit in this assumption is
that the upland portion of the Allied site(s) will no longer be a source of
organic contamination to Onondaga Lake. It is further assumed that
groundwater beneath the upland portion of the Allied site(s) will be
remediated to groundwater standards with respect to the site organic
compounds. While it is possible that organic contamination in the sedi-
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TABLE 8-1. SUMMARY OF INJURED NATURAL RESOURCES ASSOCIATED
WITH SUBSTANCES RELEASED FROM ALLIED BASED ON A

REVIEW OF EXISTING DATA'.
SURFACE WATER

SUBSTANCES

OF CONCERN WATER SEDIMENT AIR GEOLOGIC _ BIOLOGICAL  GROUNDWATER
BTEX Compounds XP Xk Xdef xacdef
Chlorinated Ben- X" X=b Xdef Xac.d
zene Compounds .
PAH Compounds X® Xub xedef Xacdef
Mercury Xub Xab Xd.eth X Gl
Other Metals (lead) % X0
Ionic Wastes X' , Xrb Xed.ef

Location of Injured Natural Resource:
*Onondaga Lake
*Tributaries to Onondaga Lake
*Semet Residue Ponds
*Willis Avenue Plant
*Petroleum Storage Area
fAssociated Hotspots
£Seneca River and Downstream
EBridge Street Plant

'Only injuries with documented releases from Allied and demonstrated pathways from the
releases to the injured resources are included; X indicates injury.
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ments may be remediated by a combination of source elimination and
perhaps removal of hotspots, the functions of the sediments in the vicinity
of the contamination may not be fully restored as a result of the remedial
efforts.

It is assumed that the upland portion of the Allied site(s) will no longer be a
source for mercury contamination in the lake.

It is assumed that lead concentrations in soil on the upland portion of the
Allied site(s) will be remediated to the soil cleanup objective (injury
criterion) and that the upland portion of the Allied site(s) will no longer be
a source of lead to the Onondaga Lake system.

It is expected that infiltration of water to the wastebeds will be limited or
eliminated and that surface water from the upland portion of the Allied
site(s) will be controlled and/or treated prior to discharge to the lake as a
part of the site(s) remediation.

The impact of the Allied releases of ionic wastes (primarily sodium and
chloride) on the water quality of Onondaga Lake and the Seneca/Oswego
River are expected to be addressed in part through the remedial action on
the Allied site(s) through source control of continuing releases from the
Allied site(s) to the lake.

Continued releases of calcium and calcite to the lake are expected to be
addressed in part, through the remedial actions. However, the lake may
remain supersaturated with respect to calcium for some time into the future.

Surface water contamination in the tributary streams is expected 1o be
addressed based on remedial actions (see assumptions #1) on the Allied
site(s).

If any of the above actions are not taken as a part of the remediation of the Allied

site(s) or the actions do not result in the reduction of the contamination to the extent that it is no

longer a threat to the trust resources of the Onondaga Lake environment, this plan should be

>
revised to allow for development of a damage claim for restoration of residual injuries to the

Tesources.

The impact of the Allied releases on the fisheries, wildlife, wetlands and macro-

phytes in the vicinity of Onondaga Lake are expected to be addressed to a degree by the

remedial actions. Any remaining impacts and restoration of these resources will be addressed

as a part of the natural resource damage assessment.
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8.1.2 Restoration Under NRDA

Restoration in Onondaga Lake under the NRDA will encompass restoration of all

injured resources and the services that these resources provided (Table 8-1) as a result of the

releases of substances from Allied. The following discussion does not include techniques to

restore resources expected to be addressed through remedial actions. The primary services to

be restored are:

Fishery of Onondaga Lake and Tributaries. Substances, in particular
mercury, that have been released from Allied have accumulated in the fish
of Onondaga Lake. High concentrations of mercury in the fish caused the
closure of the lake to all fishing in 1970. Subsequent reductions in mercury
discharges from the Allied plant led to a revision of this policy to a catch
and release fishery in 1986. This policy remains in effect today. The loss
of the sport fishery represents a loss of a service which requires restoration.

Coldwater Fish Habitat. Onondaga Lake was historically a cold water
fishery community with Atlantic salmon and cisco present along with lake
sturgeon and burbot (Webster 1982; UFI 1994). The existing fish commu-
nity is dominated by planktivorous fishes such as gizzard shad (UFI 1994).
Insectivores such as bluegill and pumpkinseed are also common along with
omnivorous white perch. Top predators in the lake include smallmouth and
largemouth bass which are relatively common. Small populations of
walleye, tiger muskellunge, and northern pike are also present. Discharge
of ionic wastes from Allied (Section 6.8; Appendix B, Section 6.4) has led
to density-induced stratification in Onondaga Lake. This stratification,
coupled with the discharge of both treated and untreated wastewater to the
lake has lead to the presence of extended periods of anoxia in Onondaga
Lake which has resulted in the virtual elimination of all coldwater fishery
habitat as well as a restriction in the total volume of lake water that is
suitable for fish survival for large portions of the year. Temperatures in
waters with sufficient dissolved oxygen for coldwater fish survival are well
above preferred temperature range(s) for much of the year and as a result
many species cannot currently be found in the lake. The density induced
stratification that persists in Onondaga Lake also occurs beyond the outlet
of the lake into the Seneca/ Oswego River system. The loss of all cold-
water fish habitat and a portion of the total fish habitat represents the loss
of an ecological service that requires restoration.

Aquatic Community (non-fish). In addition to the reduction in suitable

fisheries habitat, the ionic discharges and resultant anoxia has likely caused
the following indirect effects in the lake. There has been a large reduction
in the production of deepwater benthic macroinvertebrates. These macro-
invertebrates form an important component of the diet of fishes in similar
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unimpacted lakes (Wetzel 1983) and thus represent an ecological service.
The deep water habitat that was eliminated is often important to the sur-
vival of species of young fishes at critical life history stages, zooplankton
and macroinvertebrates which use the lack of light penetration in deeper
waters to escape predation. There has been a documented species shift
among the zooplankton and phytoplankton of the lake to salt tolerant
species (Meyer and Effler 1980; Rowell 1992). The impact of this shift on
the food chain and ultimately the fishes of Onondaga Lake is unknown.
What is known is that this community is not typical of lakes in the region
and not representative of what Onondaga Lake would be like without the
discharge of ionic wastes. The ecological service provided by a normal
zooplankton and phytoplankton community to water quality and the food
chain has been lost.

Sediments (calcite). The release of calcite from the operations at Allied has
caused the lake to become supersaturated with respect to calcium. This
supersaturation has led to an abnormally high rate of sedimentation in the
lake, primarily in the form of calcite and oncolites. Calcium precipitation
on the surfaces of macrophytes has caused a precipitous decline in
macrophyte abundance in the lake. The existence of large areas of onco-
lites on the bottom of the lake has exacerbated the problem by providing
poor substrate for macrophytes to recolonize the lake. The lack of macro-
phytes in Onondaga Lake has been linked the following reduction in
ecological services; poor recruitment of many species of fish which rely on
macrophyte beds for spawning, refuge from predation and as substrate for
production of macroinvertebrates and bivalves which provide food for
juvenile and adult fishes. These ecological services must be restored.

Sediments (contamination). The release of organic byproducts and other
contaminants on Allied property has led to migration of organic compounds
via the groundwater to Onondaga Lake and the accumulation of high
concentrations of these compounds in the lake sediments in the vicinity of
Tributary SA and the East Flume. These concentrations are in excess of
New York State Criteria for contaminated sediment developed for aquatic
life. Sediments of the tributaries have been contaminated with BTEX and
PAH compounds. Mercury contamination in sediments is widespread in
both the lake and tributaries. The ecological services provided by uncon-
taminated sediment such as habitat for aquatic life has been lost or impaired
and must be restored.

. The deposition of waste
material in the vicinity of the lake has resulted either directly or indirectly
in the filling of historic wetlands bordering Onondaga Lake. In addition,
wetlands that were not filled but are adjacent to the wastebeds have been
adversely affected by the activities of Allied in the area. These wetlands
were likely to have been valuable wildlife habitat as well as important
spawning and nursery areas for the fish of Onondaga Lake. These wet-
lands also may have served to remove nutrients from runoff prior to
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discharge to the lake. Little quantitative work has been completed to date
on the wildlife populations and wildiife habitat in the vicinity of Onondaga
Lake. Particularly little is known about historic wildlife populations in the
vicinity of the lake. This is not expected to be addressed as a part of the
remedial efforts currently underway. Uses, in particular current uses, by
wildlife will be addressed as part of the natural resource damage assess-
ment. Populations of birds as well as exposure of their populations to
contamination by nesting in the exposed waste outcrops along the lake will
be assessed. It is anticipated that injuries to wildlife will be documented by
these studies and require restoration. The ecological service of wetlands to
fish, wildlife, and water quality has been lost.

+

8.2 POTENTIAL RESTORATION ALTERNATIVES

Although the injuries to natural resources and services provided by those resources
have not yet been quantified, some potential restoration options are summarized in Table 8-2
and are described below. Restoration options to be considered in the natural resource damage
assessment are described briefly below. Options should not be limited to those presented here.
Some of the proposed alternatives may restore more than one lost service. For example,
wetland creation will restore both fish and wildlife habitat. Also, it may take more than one of
the proposed alternatives to restore a given service. Final selection of restoration alternatives
should be completed after injuries are quantified and response actions under the ongoing
CERCLA remedial process are identified. Additional studies related to the application of some
restoration alternatives may need to be completed before the feasibility of these alternatives can
be established. Further studies may be required prior to implementation. If needed, these
studies will be detailed in a restoration plan for the Onondaga Lake system. Preliminary cost

estimates are presented in Table 8-3 on page 115 of this document.

Sedi R :

Sediments will be addressed in the remedial phase but the extent of restoration is
still unknown. There will be contaminated sediments remaining after remediation. Both

dredging and capping have been identified as options for sediment restoration. These options
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were presented in a discussion of the range of sediment alternatives in NYSDEC (1990). Other
options investigated for remedial alternatives included chemical stabilization, rotovating, and
biological remediation. These latter options will not be considered for restoration because they

are unproven technologies or ineffective for mercury contamination.

Dredging may not be feasible for the entire lake because of cost, effectiveness and
the potential to resuspend contaminants which have been buried. The amount of dredging
(likely hydraulic) to be considered ranges from hotspot dredging in small areas in the tributaries
to dredging of the entire lake. Drcdge::l areas should then be suitable for other options such as
macrophyte or spawning area restoration. Capping shouid also be considered in small highly
contaminated areas. Capping material should be suitable to allow the benthic community to
recover to baseline. Capping, as discussed in NYSDEC (1990) includes 0.5 feet deep sand
cover over deep water sections coupled with an armor cover consisting of 3 feet of sand
covered by 2 feet of gravel and 2 feet of armor stone in water depths less than 15 feet
(USACOE 1991). The nature of the bottom sediments of Onondaga Lake (loose and floccu-
lent) would require the installation of a geotextile material prior to application of the cap to

prevent sand and other capping material from sinking through the sediments.

Water Column
Diversion of Ionic Waste Inputs from Ninemile Creek to the Seneca River

Ninemile Creek is a continuing source of ionic wastes (chloride, sodium, calcium,
ammonia) to Onondaga Lake. Elimination or reduction of the importance of Ninemile Creek as
a source of ionic wastes to Onondaga Lake has the potential to greatly improve the stratification

regime of the lake.

One option for eliminating or reducing loading of ion rich water from Ninemile
Creek to Onondaga Lake would involve interception of ion rich groundwater flow from below
the wastebeds prior to discharge to Ninemile Creek. This ion rich water would be diverted to

the Seneca River. This would help in the restoration of water quality in Ninemile Creek near
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the wastebeds and reduce loading to Onondaga Lake. By eliminating this discharge to the lake
salt-induced stratification would be reduced. This option would require the installation of
approximately 4 km of gravel lined trench with a perforated pipe to intercept the groundwater
flow and 4 km of pipe and a pump station to move water from the mouth of Ninemile Creek to

the Seneca River.

Clay, Alum or Selenium Treatment

The water column can be remediated to some degree by reducing or eliminating
pollutants discharged to the lake, but there would still be some residual water column contami-
nation. Three restoration options for water column treatment have been identified as selenium,
alum and clay addition. These options were discussed during the Onondaga Lake Remediation
Conference (NYSDEC 1990). Clay or alum addition reduces the availability of mercury to fish
by scavenging it from the water column and settling it to the bottom. Selenium treatment
lowers the solubility of mercury and thus lowers mercury availability to the food chain
(NYSDEC 1990). The problem with these techniques is that the mercury remains in the lake

environment.

Aeration

Dissolved oxygen depletion has been documented throughout the lower waters of
Onondaga Lake. Aeration which involves the introduction of air to specific layers of a lake
without breaking thermal stratification can be used to compensate for a high dissolved oxygen
demand at depth in lakes. The loss of aeration of the lower waters caused by extended periods
of stratification of Onondaga Lake associated with releases of dense ionic wastes would be
restored by aeration. This option was discussed during the Onondaga Lake Remediation
Conference (NYSDEC 1990). Aeration has not been proven to reduce mercury contamination.

Aeration would increase the volume of deeper water aquatic habitat.
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Fis} j Fish Habitat R .
Artificial Habitat

Artificial habitat can increase the standing crop of fishes if it supplies a habitat that
is limiting, or it may only concentrate fishes by drawing them from other regions of the lake.
Bluegills and pumpkinseeds are important forage fish for predatory fishes such as smallmouth
bass, largemouth bass and walleye in Onondaga Lake. An increase in the standing crop of
those predatory fish would be of mogt interest to anglers. The periphyton community was
found to be an important source of food for bluegills and pumpkinseeds on hard substrate
artificial habitat (Prince and Maughan 1978). Hard substrate habitat used by periphyton may
be limiting in Onondaga Lake. Much of the nearshore lake bottom is composed of oncolites
that form an unstable shifting substrate that is unsuitable for colonization by periphyton
(Madsen et al. 1992,1995). This oncolite habitat is not likely to provide the feeding habitat for

forage species.

Deployment of artificial habitat in the nearshore areas of Onondaga Lake may
provide feeding habitat for forage fishes, resulting in an increase in the standing crop of both
forage and predatory fishes. The artificial habitat should provide a variety of microhabitats for
refuge from predation. Artificial habitat can either be designed from raw materials such as
concrete, or fiberglass reinforced plastic (FRP), or constructed from materials of opportunity
such as discarded culverts, or leaching galleys. Designed artificial habitats have the obvious
advantage that specific design criteria for the habitat can be met. Materials of opportunity,

while less costly, may not fit the design criteria for various habitats.

Spawning Habitat

Spawning habitat may also be limiting the production of fishes in Onondaga Lake.
Centrarchids (bluegills, pumpkinseeds, smallmouth bass, largemouth bass) typically build small
depressions in clay, sand, gravel or rock in nearshore areas where eggs are laid (Scott and

Crossman 1979). The adult fish will guard the nest during egg incubation and for a short
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period after hatching. The shifting oncolite substrate found in much of the nearshore area is
not good spawning habitat for centrarchids. This habitat may be enhanced by the deposition of
clean gravel in those nearshore areas with aquatic vegetation and the lowest concentrations of

oncolites.

Spawning habitat for walleyes and northern pike may also be constructed. Walleye
spawning in lakes prefer boulder to coarse gravel shoal areas (Scott and Crossman 1979).
Construction of spawning habitat for northern pike will be more difficult because this species
spawns in shallow, heavily vegetated areas. If areas of shallow, aquatic vegetation are

established, northern pike may use this habitat for spawning.

Studies on spawning habitat manipulation are currently in progress (Madsen 1995).
The results of these studies can be directly applied to the evaluation of spawning habitat

enhancement as a restoration option.

Stream Improvement - Cold Water Fisheries

The tributaries may provide opportunity for habitat enhancement of a cold water
fishery or establishment of a stream coldwater fishery where one does not currently exist. To
replace the coldwater fishery of the lake and tributary streams affected by releases from Allied,
enhancement of stream habitats including placement of gabions, log weirs, lateral log deflec-
tors, multiple log structures and cabled natural debris jams (Frissel and Nawa 1992) could be
considered. These structures increase habitat diversity and can provide specific habitats
necessary for salmonid production such as riffle and pool areas, or clean gravel for spawning

>
areas.

Stream habitat may be cost-effectively enhanced through planting of riparian
vegetation (Platts and Rinne 1985) for shade and cover. However, as with open water
structures, stream modification will only increase the standing crop of salmonids if the habitat
provided by the structures is the limiting factor. Prior to stream modification, a comprehensive

survey of fishing pressure, watershed land use, and stream habitat is necessary. If the
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watershed is not conducive to enhancement, stream structures will soon cease to be productive
(Platts and Rinne 1985).

Stream improvement may also take the form of water quality improvement if water
quality is the limiting factor to establishment of a cold water fishery. Water quality improve-
ments may involve initiation of source controls to reduce the loading of oxygen consuming
substances, nutrients, or toxic substances to the streams. Best management practices should be
selected that are appropriate to the type of stream (urban, residential, agricultural) and the type
of water quality constraints (dissolved oxygen, temperature, nutrients, toxic substances) in the

stream to be restored/improved.

Fish Stocking

Fish stocking is a restoration option for increasing the fish populations in Onondaga
Lake, changing the species composition of the fisheries community and/or making recreational
fishing more attractive to anglers. Stocking is most effective when completed after other
restoration options enhance or create additional fish habitat. The types of species are depend-
ent on the types and populations to be determined during the baseline assessment. It is likely
that salmonid fish species will comprise a major part of any proposed stocking program.
Stocking should not be employed unless water and sediment quality is sufficient to support
stocked species. For many species, substantial improvement in water quality must be realized
before stocking can occur. A stocked fishery would be much more valuable as 2 restoration

option if the stocked fish were safe to keep and eat.

Public Access

An option for replacing recreational fishing opportunities in the Onondaga Lake
area is to provide more public access for anglers. This could involve construction of boat
ramps and associated parking facilities, fishing piers, or a right-of-way for shore fishing and

"carry-in" boats. Increased public.access to the current catch and release fishery may not
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significantly increase numbers of anglers on Onondaga Lake. This option would be more
effectively employed on Onondaga Lake if the fish were safe to keep and eat. Improved access

to waterbodies in the vicinity of Onondaga Lake may offset some of the losses on Onondaga.

Other Biota
Oncolite Removal and Substrate Replacement

Oncolite removal and substrate replacement would involve removal of oncolites
and/or flocculent calcium-rich sediment from selected areas of the lake and replacing them with
lake bottom substrate that could support macrophytes, and other "typical" littoral zone biota.
This restoration option would involve techniques similar to those described in other restoration
descriptions (dredging and capping). Effectiveness is dependent on the type of substrate
replacing the oncolites. Organic soils or spawning gravel are examples of the types of
replacement substrates to be considered. Oncolite regrowth rates and deposition rate of
flocculent sediments should be investigated prior to implementation of this option to ensure its

success.

Wetland Enhancement

Previous recommendations for wetland enhancement and restoration around
Onondaga Lake have primarily focussed on increasing warmwater fish spawning habitat by
creating surface water connections between the lake and existing wetlands (USACOE 1991;

Madsen 1994) or revegetating the littoral zone of the lake (I:;iadsen et. al 1993).

Trial construction of connections between Onondaga Lake and adjacent wetlands,
scheduled for 1995, were placed on hold pending contract negotiations (Madsen 1995).
Premanipulation data has been collected in preparation for construction of connections. The
completion of trial connections and the documentation of effects will help in the further

evaluation of this enhancement opportunity.
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In-kind mitigation of wetland impacts within the same watershed is preferred by the
regulatory agencies. VanDruff and Pike (1992) recommended halophyte restoration in
appropriate wetlands around the lake. If appropriate genotypes of the endemic plants are
available, this restoration would also require some studies to determine the availability and

viability of such plantings.

Wetland Creation

Wetland enhancement opportunities in existing wetlands around the lake as
described above may not adequately restore all of the lost wetland services. Additional
mitigation, such as wetland creation in currently non-wetland areas or restoration of disturbed
wetlands, may be necessary. Regulatory agencies currently prefer to see in-kind and on-site or
near-site mitigation. Wetland creation includes site selection, mitigation design, construction
and monitoring (5 years post-construction). If a wetland creation cannot be implemented on-
site, off-site creation and out-of-kind mitigation, including donations to land protection agencies

can be considered.

Macrophyte Enhancement

Several studies designed to assess the possibilities of restoring macrophyte beds in
Onondaga Lake have been completed or are currently underway (Madsen, 1994). Recommen-
dations based on these studies include creation of artificial reefs to reduce the effects of wave
action, placement of geotextiles on substrates to reduce substrate instability and encourage plant
establishment, sediment replacement, and revegetation of these areas with plants tolerant of or
adaptable to ambient water chemistry and light penetration conditions (Madsen, 1993).
Construction of permanent habitat modules to improve fish habitat (and macrophyte establish-
ment) awaits contract finalization (Madsen, 1995). The evaluation of permanent habitat
modules is essential to long-term macrophyte establishment, as temporary modules did not
provide protection from waves for sufficient length of time to promote macrophyte survival

(Madsen, pers. comm.). The permapent modules will establish whether nutrient rich, stable
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sediments can be retained in nearshore areas, and if macrophytes can become established and
thrive. In addition, light penetration and macrophyte survival experiment results (Madsen,

1995) must be assessed to select appropriate species for early recolonization.

No Action Natural Recovery

The No Action-Natural Recovery alternative is based on the characterization
provided in 43 CFR §11.73(a)(1). The success of this alternative depends on the ability of the
resource to recover without additional actions beyond those taken under the NCP and normal

management actions.

The no-action natural recovery alternative represents the continuation of the
recovery processes that began when the releases of hazardous and non-hazardous materials by
Allied into Onondaga lake decreased during operation of the facility and decreased further
when the facility closed. The discussion of this restoration option that foliows is predicated on
the implementation of all of the assumed remedial actions described in Section 8.1.1.
Contamination of the sediments by hazardous organic compounds is expected to slowly
diminish over significant time as compounds weather, biodegrade and are buried by continued
sedimentation. Mercury concentrations near the sediment/water interface should continue to
decline once Allied sources are removed and relatively "clean" sediment accumulates on top of
the highly contaminated sediment deposited when Allied discharges were at a maximum. Ionic
loading from the Solvay waste beds, while reduced from historic levels, will continue. It can
be expected to decline gradually over a number of years. However, the volume and extent of
Solvay waste in the vicinity of the lake virally guarantees that Allied will remain a major
source of ionic waste to the lake for years into the future. Dissolved oxygen depletion caused

in part by density-induced stratification will likely persist.

Changes in mercury concentrations in fish may decline in response to reduced
loading but cannot be predicted with certainty under this scenario because a large reservoir of
mercury will remain in the sediments. The future persistence of the oncolites in the littoral

zone of the lake is unknown.
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These restoration components are alternatives that should be considered during the
restoration feasibility study. This list is not all inclusive. Addition of restoration alternatives
and refinement of those described above should occur as this Onondaga Lake Damage

Assessment Plan is implemented.

8.3

The Restoration and Compensation Determination Plan cannot be fully developed at
this time. Services lost have not been quantified. Effectiveness and costs of alternatives for
restoration of lost services are dependent on remedial actions yet to be taken along a schedule
that has not been determined. The DOI regulations allow for the issuance of a Restoration and
Compensation Determination Plan as a separate document if existing data available at the time
the overall Assessment Plan is developed are insufficient (43 CFR §11.81(d)(1)). The
Restoration and Compensation Determination Plan should be developed when remedial plans
are in place and a schedule for implementation is set. At that time the type and magnitude of
services to be restored will be better defined as portions of the Assessment Plan will have been
implemented. General procedures to be included in the Restoration and Compensation

Determination Plan are provided in 43 CFR §11.82-11.83 and are summarized below.

D Define reasonable number of restoration alternatives
2) Select one of the alternatives and actions required to implement the alterna-
tive
3) Document rationale for selecting the alternative

4) Identify the methodology that will be used to determine the costs of the
selected alternative

Define Restoration Alternatives

Based on the quantified lost resources and/or services, restoration alternatives will

be defined. During this task, altcr}ihtives are refined based on estimated quantities of service
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loss. For example, if a particular service loss was determined to be 10,000 pounds of cold
water fish production per year, then a restoration alternative would need to provide 10,000
pounds of fish production per year. Options discussed in Section 8.2 should be included among

the restoration options considered.

A reasonable number of alternatives will be developed which consists of actions,
singly or in combination, that would restore, rehabilitate, replace, and/or acquire the equivalent
of the injured resources. The possible alternatives wiil be limited to those actions which return

the injured resources and services to no more than their baseline condition.

The possible alternatives to be considered could range from intensive actions to
return the various resources and services to baseline conditions as quickly as possible to natural
recovery with minimal management actions. Alternatives within this range could reflect
varying rates of recovery, a combination of management actions, and needs for resource
replacements or acquisitions. A "No Action - Natural Recovery” alternative must be included
as part of the list of possible alternatives. Each alternative will clearly state what will be

accomplished relative to restoration of services lost.

Select One of the Alternatives

After a list of possible alternatives has been compiled, one of the alternatives and
corresponding actions required to implement the alternative will be selected for each service
lost. When selecting the alternative, each one will be evaluated based on all relevant consider-

ations. The factors to consider will include:

1) Technical feasibility

2) The relationship of costs of the proposed actions versus benefits of the
restoration
3) Cost-effectiveness
4) The results of any actual or planned response actions
13320DAP.DOC (WR R96-1) Onondaga Lake Natural Resource Damage Assessment Plan

November 30, 1996 116



NORMANDEAU ASSOCIATES

5) Potential for additional injury resulting from proposed actions, including
long-term and indirect impacts to the injured resources or other resources

6) The natural recovery period

T Ability of the resources to recover with or without alternative actions
8) Potential effects of the action on human health and safety
9) Consistency with relevant federal, state, and tribal policies

10) Compliance with applicable federal, state, and tribal laws

Rationale for Selecting Al v

After the alternative has been selected, a rationale will be documented showing

why the alternative was selected over others.

Costs associated with the selected alternative will be determined by methodologies
described in 43 CFR §11.83. Both direct and indirect costs will be determined. In addition to
costs of implementing the restoration alternative, compensable values will be determined which
are the values of services lost to public from the time of injury. The compensable value also

includes lost non-use values such as existence and bequest values.

8.4 PRELIMINARY RESTORATION COSTS

A preliminary estimate of restoration costs must be included in the natural resource
damage assessment plan. As discussed in Section 8.3 above, development of a Restoration and
Compensation Determination Plan is premature. However, it is possible to estimate the range
of possible costs associated with the implementation of some of the potential restoration options

described in Section 8.2. Where the magnitude of services to be restored can be reasonably
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estimated at this time, costs ranges for implementation of restoration measures are provided.
The true magnitude of the services to be restored can only be determined after the extent of
injury in Onondaga Lake is determined and the baseline level of services is established. Where
the service to be restored cannot be reasonably estimated at this time, costs are provided on a
per-unit basis. It is not possible to provide cost estimates for some restoration alternatives at
this time. Preliminary restoration cost estimates are summarized in Table 8-3. All costs are in
1995 dollars and have been estimated pursuant to the guidance in 43 CFR §11.83 (b). The
Restoration and Compensation Determination Plan to be developed as described in Section 8.3

will contain cost estimates or ranges of costs for all restoration alternatives.

8.5 RESQURCE RECOVERABILITY

Resource recoverability must be addressed in the damage assessment mandated by
the DOI regulations 43 CFR §11.73:

"The time needed for the injured resources to recover to the state that
the authorized official determines services are restored, rehabilitated,
replaced and/or the equivalent have been acquired to baseline levels
shall be estimated.”

Resource recoverability cannot be determined until a schedule for implementation
of site remedial response actions is developed. Many of the restoration options presented in
Table 8-2 cannot be implemented successfully until site remedial response actions are com-

pleted and continuing sources of contamination from Allied are reduced or eliminated.

This plan should be revised to include a resource recoverability analysis once a schedule for the

site remedy is available.
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TABLE 8-3.
ESTIMATES"™

ONONDAGA LAKE POTENTIAL RESTORATION OPTION COST

Capital Cost Range’

Yearly Operational Costs

Options (thousands of dollars) (thousands of dollars)
Sediments
Dredging-7 million yd® 140,000-315,000
Dredging-1 million yd® 25,000-56,000 |
Dredging-0.1 million yd® 3,200-6,200
Capping (' foot sand shaliow water cap & 150,000-200,000
geotextile liner)
Water Column
I Interception/Diversion of Ionic Discharge 150-200
from Ninemile Creek to Seneca River 10,000-12,000
Clay addition (80% of lake area) 1,500-3,000
Alum addition (80% of lake area) 1,500-3,000 “
Selenium treatment (80% of lake area) 1,500-3,000
Aeration (entire hypolimnion) 4,500-6,000 1,000

Fisheries
Artificial Reefs/Spawning Beds

Stream Improvements (structural and/or water

100-200/acre surface area
100-500/stream mile

quality)

Fish Stocking (salmonids) 4-6/pound*

Public Access project dependent Il
Other Biota I

Wetland Enhancement 1-2/acre

Wetland Creation (offsite) 75-150/acre

Macrophyte Enhancement 5-30/acre

Oncolite Removal/Substrate Replacement 10,000-100,000

No Action/Natural Recovery

1Costs assume differing levels of implementation and a range of uncertainty.

XCosts in 1995 dollars.

3Range reflects differing levels of implementation and a range of uncertainty.

“Cost in actual dollars/pound of fish produced.
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9.0 TASK 4: COMPENSABLE DAMAGE DETERMINATION

~

This section presents a proposed approach for estimating economic damages
resulting from the release of hazardous substances to the environment of Onondaga Lake. This
approach closely follows the U.S. Department of Interior's Final Rule for the conduct of
economic damage assessment (U.S. Dcpamnem of Interior, March 25, 1994, Federal
Register, Vol. 59, No. 58, 14261-14288).

The purpose of the damage determination phase of the natural resource damage
assessment process is to establish the amount of money to be sought in compensation for
injuries to natural resources resulting from the release of a hazardous substance to the environ-

ment. [43 CFR §11.80(b)] Damages are defined to include:

. the cost of restoration, rehabilitation, replacement, and/or
acquisition of the equivalent of the injured natural resources
and the services those resources provide,’ and

. the compensable value of all or a portion of the services lost to
the public for the time period from the discharge or release
until the attainment of restoration, rehabilitation, replacement,
and/or acquisition of the equivalent of the resources and their
services to baseline.® [43 CFR §11.80(b)]

Compensable values are defined by the U.S. Department of Interior to include:

" ...the amount of money required to compensate the public for the loss
in services provided by the injured resources between the time of the
discharge or release and the time the resources and the services those
resources provided are fully returned to their baseline conditions. The
compensable value includes the value of lost public use of the services
provided by the injured resources, plus lost nonuse values such as
existence and bequest values.” [43 CFR §11.83(c)(1)]

2 Throughout this section we use the term "restoration” to refer to any actions to restore,
replace, rehabilitate and/or acquire the equivalent of injured natural resources and their services.

3 In addition, trustees are allowed to recover the reasonable costs of assessing these damages.
This Plan does not address this third component of the damage claim.
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Thus, compensable values can include past lost use and passive use (i.e., nonuse) values, future
values lost up through completion of site restoration activities, and if full restoration is not

possible, any residual damages.

Research plans to fully monetize the compensable damages resulting from the
release of hazardous materials to Onondaga Lake are presented in the following sections. The
plan first presents an approach for estimating the cost of likely actions to restore injured

resources and their services lost as a result of the release. In addition to restoration costs, we

-

consider four studies that may be undertaken to document compensable value losses resulting

from the release of hazardous substances to the Onondaga Lake environment. These include:

| A Recreational Impacts Assessment. An assessment of past,
current and future impacts on recreational activities in the
assessment area resulting from contamination of the environ-
ment of Onondaga Lake with hazardous and nonhazardous
substances.

2. An Added and Averted Cost Assessment. An assessment of
the past, present, and future impacts on routine dredging and
other activities such as wastewater planning associated with
development of the Onondaga Lake resulting from contamina-
tion of the environment of the lake with hazardous and nonhaz-
ardous substances.

3. An Ecological Effects Study. A "habitat equivalency” assess-
ment to generate estimates of the cost of obtaining the equiva-
lent of the quality and quantity of natural resource services
diminished as a result of the discharge of hazardous substances
to the environment of Onondaga Lake.

4. A Total Value Contingent Valuation Study. An application
of the contingent valuation method to generate an estimate of
willingness-to-pay by residents of New York State for actions
to restore the environment of Onondaga Lake.

These studies, as well as several assessments to SUpport a restoration costing determination, are
described further below.
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9.1 COMPENSABLE VALUES DETERMINATION

~

9.1.1 Introduction

In addition to estimating the cost of restoring the injured natural resources of the
Onondaga Lake environment, past, current and future compensable values will be estimated.
Studies proposed to address compensable damages include an assessment of the impact of
pollution on recreational uses of the Onondaga Lake environment and an assessment of the
impact of contaminated sediments on the cost of dredging and other development activities in
the lake. In addition, the Plan proposes application of the "habitat equivalency” approach and

development and application of a total value contingent valuation study.

Table 9-1 summarizes the service flows lost as a result of the release of hazardous
and nonhazardous substances to the Onondaga Lake environment. This exhibit also presents a
summary of the extent to which the proposed damage assessment studies address these lost

service flows.

Below we discuss several factors that must be addressed within the damage
assessment, as called for in the U.S. Department of Interior regulations [43 CRF §11.84].

9.1.2 Determining Uses

Prior to undertaking the studies described below, a detailed review of the uses
made of the injured resources of Onondaga Lake should be completed. This review shall
include past, present, and potential future committed uses of the resources of the lake. [43 CFR
§11.84(b)]. This will be undertaken as a first step in the four research studies detailed below
(Research Studies 6-9).
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TABLE 9-1. ECONOMIC DAMAGE STUDIES PROPOSED TO ADDRESS SERVICE
FLOWS LOST OR DIMINISHED AS A RESULT OF CONTAMINATION
OF ONONDAGA LAKE.

Injury

Service Flows
Lost or Diminished

Proposed Economic
Damage Study

Concentrations of mercury in
fish tissue sufficient to result in
government agency directives
regarding consumption of fish
from the lake. {43 CFR
§11.62(f)]

Concentrations of mercury and
organic compounds in lake sed-
iment sufficient to result in
added costs associated with
dredging of these sediments.
Stratification, particularly in
the Seneca River increases the
cost of wastewater planning.
[43 CFR §11.62(b)]

Injuries to surface water, sedi-
ments, geologic resources, bi-
ota and groundwater at the Al-
lied plant site, in the tributar-
ies, in the lake and downstream
of the lake as summarized in
Section 6.0 and Table 7-1.

Closure of fishery, reduction in
lake use for boating and swim-
ming,' aesthetic impairment,
reduction in use and enjoyment
of public lands adjacent to lake,
and other injuries to surface
water, sediments, geologic re-
sources, biota and groundwater
at the Allied plant site, in the
tributaries of the lake, in the
lake itself and downstream of
the lake.

For the period 1970 - 1986 the
loss of the lake as a recreation-
3! fishing resource, and from
1986 to today the lake has pro-
vided reduced recreation op-
portunities due to consumption
advisories.

Normal development and navi-
gational control in the lake has
been reduced. Wastewater
planning efforts are more ex-
pensive.

Reduction in the ecological ser-
vices of quality habitat and the
quality and quantity of food to
biological resources of the lake
and its associated resources.
Reduction in passive use by
humans of a healthy environ-
ment.?

Reduction in a variety of direct
and passive services of the
lake.

Recreational Impacts Study

Added and Averted Cost Study

Habitat Equivalency Analysis

Total Value Contingent Valua-
tion Study
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ISwimming has not been allowed in Onondaga Lake for many years due to bacterial
contamination and water clarity.

N

2Passive uses are distinct from direct uses such as fishing, swimming and boating.

9.1:3 Double Counting

Several of the studies proposed in this Plan provide overlapping coverage of some
damage categories. For example, the proposed contingent valuation study has the potential to
capture willingness to pay to restore the recreational uses of Onondaga Lake. Thus, the
damage estimates generated by this study may double count the damage estimates generated by
the recreational use impacts study. However, we have intentionally included some overlap in
coverage in selecting studies for inclusion in this Plan for two reasons. First, it would be
difficult to develop approaches to monetize all substantial categories of damage without having
some degree of overlap. Second, valuation of damages using several approaches provides
confirming evidence regarding the existence and magnitude of such damages as well as

providing information regarding the reliability of each individual estimate.

The U.S. Department of Interior regulations specifically require trustees to avoid
the double counting of damages. {43 CFR §11.84(c)] Thus, compensable damages estimated
based on the studies described below will be combined in a manner that avoids double
counting. In addition, these damages will be compared to costs associated with expected

response actions, to avoid double counting of response costs and compensable damages.

9.1.4 Uncertainty

-

The assessment shall explicitly incorporate and report on uncertainty in the various
assumptions and variables used to calculate damages, and the effect that these factors have on
the resultant damage estimate. Such uncertainty analysis shall include, where appropriate, the
derivation and application of probability estimates for the important assumptions and factors
used to determine damages. [43 CFR §11.84(d)]
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9.1.5 Discounting

The U.S. Department of Interior regulations shall be followed in establishing a
discount rate for determining the present value of damages. This shall include presentation of

damage estimates in the form of expected present value dollar amounts. [43 CFR §11.84(e)]

9.1.6 Substitutability

In calculating the diminution of direct use and passive use values resulting from the
release of hazardous and nonhazardous substances to the environment of Onondaga Lake (i.e.,
compensable values), the analysis shall explicitly consider the availability of substitutes for the
public's use. For example, the recreational use impacts study shall explicitly consider

substitute recreational opportunities. [43 CFR §11.84(f)]

9.1.7 Compensable Value During Restoration

The cost of restoring the injured natural resources shall be considered as one
measure of damages to the Onondaga Lake environment. In addition, compensable value
during the period of time required to complete such restoration shall be considered, following
the guidance presented in 43 CFR §11.84(g). This analysis shall consider the ability of the
Onondaga Lake resource - and thus the services it provides - to recover, including both
natural recovery rates and the recovery rates given actions to restore the injured natural

Iresources.

9.1.8 Scope of the Analysis

Since the scope of this analysis is at the State level, only use and non-use losses

suffered by the citizens of the state.of New York shall be considered. Note, however, that it is
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possible that citizens of other states have and continue to suffer economic loss as a result of
contamination of the Onondaga Lake environment, and thus will experience a real economic

benefit as a result of restoration of the resources of the lake [43 CFR §11 .84(h)]

9.19

Purpose: To quantify compensable losses resulting from a reduction in the value of
Onondaga Lake and the Seneca/Oswego River as recreational resources.

Approximate Cost: $100K (for Phase I)

Service Flow Affected

The release of hazardous and non-hazardous substances to Onondaga Lake and the
Seneca/Oswego river system has resulted in reductions in the diversity and abundance of fish
populations (Effler et al. 1995). In addition, due to the presence of high levels of mercury in
fish flesh, the lake was closed to recreational fishing from 1970 to 1986 (Appendix B). In 1986
this closure was partially lifted to allow a catch-and-release policy. A catch-and-release policy
remains in effect today. Restrictions on the use of the lake as a recreational fishing resource
have affected the quantity and quality of recreational activity provided by Onondaga Lake and
may have affected such activities on the Seneca/Oswego River. The purpose of this study is to
quantify the magnitude of economic loss associated with changes in use of these recreational

resources.

The presence of hazardous and ncnhazardous co;taminants in the lake and
associated river system has resulted in a change in a wide range of recreational activities. This
assessment will consider a range of recreational activities common to this region including
angling and pleasure boating, among others. To the extent possible, recreational service losses
attributable to releases of hazardous substances will be separated from losses attributable to

releases of nonhazardous substances.
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Research Plan

This study consists of two phases. The first phase of the assessment should involve
application of existing data on, and models of, the recreation activity in New York State. This
phase of the assessment will apply the unit value approach to consider past losses, as well as
expected future losses (e.g., from a reduction in the recreational value of the lake from today
until the existing fishing restrictions are lifted). If damage estimates cannot be developed based
on existing data and models, the segond phase of this effort should be undertaken. This phase
involves the development of a model of recreational demand for Onondaga Lake and the
associated Seneca/Oswego river system to demonstrate the economic benefit that would result

from improvements in the environmental quality.

The first phase of this effort, as proposed, involves application of the unit value
methodology. Application of the unit value approach is allowed under the final Department of
Interior Rules for Natural Resource Damage Assessment (43 CFR 11.83(c)(2)(vi)). Unit values
are defined as "preassigned dollar values for various types of non-market recreational or other
experiences by the public" [43 CFR 11.83(c)(2)(vi)] While the U.S. Department of Interior's
rules for damage assessment focus on application of existing values, this technique has been
interpreted by Trustees to incorporate all forms of "benefits transfer.” Benefits transfer
involves the application of existing values, data or models to a new valuation problem.
Implementing this valuation approach will involve gathering all data on past and current
recreational activity at Onondaga Lake and the associated Seneca/Oswego river system and at
substitute recreational sites in the surrounding region. This approach should include a review
of the existing recreational-benefits literature (including any existing recreational demand
models that incorporate the study site), and application of this literature to develop an under-
standing of how the contamination has affected recreation in New York State. Preliminary

research indicates that such data and models do exist for some activities relevant to this site.
Specifically, this analysis involves six steps:

1. Full characterization of the nature of the lost recreational service flows,
including factors such as the geographic scope of the fisheries closure and
catch-and-release limit, the time period of the restrictions, including the
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date at which the existing catch-and-release restriction will be lifted (under

various restoration assumptions). :

2. Collection of all data on past and present use of the study area and substi-
tute and comparable sites. This will include gathering all available data on
recreational behavior in New York State, including various New York
State angler surveys and data collected to support the National Acid Precip-
itation Assessment Program.

3. A review of the economics and recreation literature to identify existing
value estimates, data and models.

4. Application of available value estimates, data and models within a unit
valuation (i.e., benefits transfer) framework; for example, to assess
present-value compensable damages associated with fishing restrictions at
Onondaga Lake since 1970 until that point in time when restrictions are
expected to be lifted.

- A Determination of the need for primary research on compensable damages at
this site.
6. Design and completion of primary research based on the results of step 5.

These steps will be followed for all recreational activities.

9.1.10

Purpose: To quantify compensable losses associated with a reduction in the value of
Onondaga Lake for economic development.

Approximate Cost: $35K

Service Flow Affected

The release of hazardous and non-hazardous substances to Onondaga Lake by
Allied has resulted in the contamination of lake sediments with mercury, BTEX compounds,
chlorinated benzene compounds and PAHs and the surface water of the lake and Seneca River

with ionic wastes. (Section 6.0, Appendix B). As a result of this contamination, dredging and
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other development activities at the lake have been — or will be, for planned activities -- more
costly than they would have been in the absence of this contamination. For example, one of
the options being considered to upgrade the Metropolitan Syracuse Wastewater Treatment Plant
is the relocation of the discharge point. The cost of constructing such an outfall may be higher
due to the presence of mercury in the lake sediments or stratification in the lake or Seneca
River. In such a case the economic value of the lake for this purpose will have been reduced
by the presence of hazardous and non-hazardous substances. Thus, the added cost incurred in
utilizing this resource as a result of lakf contamination represents a claimable economic
damage. The purpose of this study is to quantify the added cost associated with development of

the resources of the lake as a result of contamination of lake sediments.

Research Plan

This assessment involves application of the added-cost approach. The added-cost
approach is not explicitly described in the U.S. Department of Interior's Rules on damage
assessment. This method can, however, be considered in the category of "other valuation
methodologies” which are cost effective and consistent with the public's willingness to pay (43
CFR 11.83(c)3)). Added costs are compensable damages recoverable under CERCLA to the
extent that they represent economic rents that could have been collected by the public for use of
the resource, but for the presence of the contaminants (43 CRF 11.83(c)). Preliminary
research indicates that such added costs have been incurred in the past, and may be incurred in
the future.

Application of this approach within the Onondaga Lake damage assessment
involves quantifying the added costs associated with dredging and other activities such as
wastewater planning as a result of the contamination of lake sediments with mercury and other
hazardous and non-hazardous materials. These might include, but not be limited to, added
costs associated with: project planning or permitting; sediment analyses or other sample
analyses; and sediment disposal or management. In addition, these costs include the costs

associated with canceled or delayed projects.

=
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This analysis involves three steps:

~

1. Interviews with local, state and federal resource management
and regulatory agencies to inventory all projects on or near
Onondaga Lake that have been, or are expected to incur addi-
tional costs as a result of the contamination of lake sediments.

2 Full characterization of those projects (or planned projects) that
have been affected as a result of contamination of lake sedi-
ments. This includes detailed characterization of the added
costs resulting from sediment contamination (i.e., costs that
would not have been incurred, but for the release of hazardous
and non-hazardous materials to the lake), and the nature of
these costs. For projects that have not yet taken place, the
extent to which these projects represent a "committed use" of
the resource, as defined under 43 CFR 11.14(h) should be
considered.

< Calculation of the present value of these added costs.

The budget proposed for this effort reflects the fact that it may be necessary, in
some cases, to generate primary added cost estimates for projects for which existing estimates

are not available.

9.1.11 Research Study 8: Ecological Effects

Purpose: To estimate the cost of providing additional environmental services in the
future, as a means of compensating for past losses in these services.

Approximate Cost: $50K (including estimation of the cost of compensatory restoration actions).

-~

Service Flow Affected

The release of hazardous substances to Onondaga Lake has resulted in a wide-range

of injuries to the natural resources of the lake and a subsequent reduction in the service flows
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from these resources. These include injuries to surface water, sediments, geologic resources,

biota and groundwater. These injuries were summarized in Tabie 8-1 and Section 6.0.

One method available to compensate the public for interim lost use (i.e., compen-
sable values) is the habitat equivalency method. The principal concept for this method is that
the public can be compensated for past losses in environmental services through the provision
of additional services of the same type in the future. These services are in addition to those
provided to restore the resource to bass:line condition, since simply restoring the resource to

baseline after an extended period of injury will not make the public whole.

The purpose of this study is to apply the habitat equivalency approach to identify
actions that could be undertaken to make the public whole for comparable losses from the time
the releases first occurred through full restoration of the resource. Note that this method will
also be applied to identify actions to compensate the public for future lost environmental
services due to CERCLA site remediation actions (e.g., the loss of habitat resulting from
remediation actions at a CERCLA site). Examples of the latter actions that may qualify for
compensation under this category of damages are: loss of wildlife habitat by capping of waste
beds, temporary loss of aquatic habitat during dredging, and disruption of patterns of surface

and groundwater flow during treatment.

Research Plan

This assessment involves application of the habitat equivalency approach. While
the habitat equivalency approach is not described in the U.S. Department of Interior's Final
Rule, the rule does state that other valuation methodologies that measure the public's willing-
ness to pay in a cost effective manner are acceptable methodologies to determine compensable
value (43 CFR 11 §11.83(c)(3)). In addition, NOAA's proposed regulations for damage
assessment under the Oil Pollution Act specifically allows for the use of this technique (15 CFR
Part 990 §78(c)(2)).
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This analysis involves three steps:

~

1 Inventory affected natural resource service flows, with the goal
of identifying several broad measures of natural resource ser-
vice flow loss (e.g., acre-years of injured wetland, acre-years
of productive lake bottom).

2. Once one or more service flow metrics have been identified,
assess the availability (and feasibility) of actions to provide
additional service flows of the same type in the future. For
example, if wetland has been lost for some time in the past, it
may be possible to construct (or preserve) additional wetland
acres in the future.

3. Estimate the costs associated with each of these proposed
actions.

This study should consider (1) natural resource services lost in the past, (2) natural
resource services that will be lost in the futlire prior to completion of the selected restoration
actions, and (3) residual natural resource service flow losses that will remain once selected
restoration options are completed. This study shall also consider service flows that may be lost

as a result of CERCLA site remediation activities in the Onondaga Lake environment.

Purpose: To establish the loss in economic rent associated with non-market values
such as passive use and existence values associated with contamination of
the Onondaga Lake system.

Approximate Cost: $100K (for Phase 1). Budgets for Phasgs 2 and 3 will be developed based
on the results of Phase 1.

Service Flow Affected

The studies described above will capture several categories of economic loss

associated with the release of hazardous wastes to Onondaga Lake. Specifically, the recre-
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ationa] impacts study will consider losses in recreation opportunities at the lake, the dredging
impact study will consider the loss in economic rent associated with contamination of lake
sediments, and the habitat equivalency analysis will address some categories of environmental
service flow reductions. In addition, it is reasonable to assume that other direct use and passive
use values for the lake have been lost or diminished as a result of the release of hazardous
substances to the lake. Passive use values include the values individuals hold for a natural
resource for reasons other than use, such as the value of knowing that the resource exists and
knowing that the resource will be availfnb}e to future generations. The purpose of this study is

to apply the contingent valuation method to elicit these values.

The Contingent Valuation Method

The contingent valuation method is a survey based approach to value non-market
goods and services, including their passive use values. This method relies on direct elicitation
of values for commodities not typically traded in the market. As such, application of the
contingent valuation method involves presentation of a contingent market to survey respondents
that provides (1) a description of the good or service being valued and the institutional
framework under which the good will be provided (e.g., a government sponsored program), (2)
a hypothetical payment vehicle (e.g., increase in income taxes), and (3) a decision rule (e.g., a
referendum that the respondent may vote for or against). For further discussion of this method
see Mitchell and Carson (1989), and NOAA's proposed rules for natural resource damage
assessment under the Oil Pollution Act (15 CFR Part 990).

While the contingent valuation method was first applied in the early 1960s, there
has been, and continues to be, some controversy regarding its application for the elicitation of
passive use values. Specifically, some economists question the validity of the approach, while
others believe that a well-designed contingent valuation survey can generate useful information.
Those economists who question the method are primarily concerned with whether contingent
valuation surveys elicit value estimates that accurately reflect an individual's willingness-to-pay

for a particular policy or the provision of a particular commodity.
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To determine whether the contingent valuation method could be used to generate
valid estimates of willingness to pay for use in damage assessment, NOAA appointed a panel of
noted social scientists to evaluate the reliability of this method for measuring passive use values
for damage assessment. This panel was co-chaired by Nobel Prize winning economists
Kenneth Arrow and Robert Solow. Other members included three prominent economists and 2
leading survey researcher. This panel concluded that contingent valuation studies "can produce
estimates reliable enough to be the starting point of judicial process of damage assessment,
including lost passive-use values" given a set of conditions defined by the panel to improve the
quality of these studies. These conditions included, but were not limited to: a conservative
study design; a willingness to pay format; a referendum-style valuation question; probability
sampling; minimization of nonrespondents; accurate description of the program being offered;
careful pretesting of the instrument; checks within the instrument on understanding and

acceptance; and a reminder of substitute commodities or opportunities. (Arrow et al. 1993)

Research Plan

In its final rule on conducting natural resource damage assessment under CERCLA,
the U.S. Department of Interior did not provide guidance on the application of the contingent
valuation method for assessing passive use values. Instead, the Department stated that it would
issue a set of rules at a later date (Federal Register vol. 59, no. 58, 14261-14288). However, it
is expected that any rules defined by Interior will be similar to those proposed by NOAA at 15
CFR 990. The conditions defined by the NOAA panel for the generation of reliable damage
estimates were considered by NOAA in the development of proposed rules for damage
assessment under the Oil Pollution Act. This assessment should consider the proposed NOAA
guidelines for the conduct of contingent valuation, recent céntingent valuation research that has
been conducted for damage assessment purposes in the U.S., as well as any guidelines issued

by the U.S. Department of Interior prior to or during the course of the study.

This study should be conducted in three phases: (1) survey instrument design,
pretesting and preliminary research; (2) administration of a full scale survey instrument; and (3)

data analysis and report preparation. The goal of this effort is the development of a survey
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instrument to elicit willingness to pay for a program to speed recovery of the natural resources

of the lake. These stages are described further below.

Development of a survey instrument involves several levels of testing and design.
The first stage in this effort includes t.hei development and testing of a detailed injury descrip-
tion. This description makes clear any important uncertainties (e.g., the period of recovery).
Focus groups, one-on-one interviews and pilot tests may all be used, as deemed appropriate, to
gauge respondents understanding of and reaction to the draft injury description, the proposed

program, payment vehicle and referendum. These testing methods are discussed further below.

Focus Groups

Focus groups are groups of six to 10 individuals assembled by a market research
firm. The make-up of these groups is based on a predetermined set of demographic character-
istics, as defined by the survey research team to best meet the goals of these sessions. In focus
group sessions a moderator leads the participants in a one to two-hour informal discussion, the
goal of which is to better understand how the general public, or some selected population sub-
group, views the good or service of concern (e.g., the current condition of Onondaga Lake),
various proposed programs, payment vehicles, and the referendum. While early focus groups
may be unstructured, later ones normally focus on a draft of the survey instrument. Some of
the issues raised by the NOAA panel will be considered at this and other phases of the design
stage. Similarly, the likely acceptance of the restoration scenario by the general public should

be considered.
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One-on-One Interviews and other Pretest Methods

One-on-one interviews and other survey pretest methods (e.g., verbal protocols)
are used to garner specific information and insights into the form of and questions to include in
the draft survey instrument. For example, verbal protocols ask respondents to "think aloud” as
they answer questions, to allows researchers to better understand the information considered by
the respondent in considering the questions in the draft instrument. Such methods should be
used as required to allow for sufficient pretesting of the proposed survey instrument and
methods.

Small-scale survey pretests generally follow focus groups and one-on-one inter-
views. These methods are also used to consider broad survey design issues, and to test the
ability of the survey research team to administer the survey in an effective manner. The
samples used in survey pretests are not meant to be representative of the target population and
the sample sizes are generally too small to draw statistical inference. Issues that can be
addressed include whether respondents are able to follow the proposed survey instrument, and
whether they are able to fully understand the information being presented. The form and
substance of the draft instrument may be modified as these tests are completed, as the research

team moves to a final instrument.

Pilot Field Tests

Pilot field tests generally follow the completion of survey pretesting. These pilot
surveys can be thought of as "mini" full surveys and are administered to representative samples
of the population or representative sample of selected sub-po;;uiations. Unlike pretests, pilot
studies are often conducted using sample sizes large enough to draw statistical inference from
the results. Pilot field tests are used to test the results and viability of alternative instrument
designs, and to test specific hypotheses. For example, the research team may be interested in
the effect of variations in the expected time period of site restoration, if this factor is deter-

mined to have significant uncertainty. Pilot tests are often used to allow for the consideration
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of changes in various factors on responses, such as the amount of information presented on the

site (i.e., the level of detail presented in the injury and program descriptions).

The results of this effort will be a survey instrument(s) that can be administered to
the selected sample frame. For example, the result of the design stage might be a survey
instrument that describes the current status of Onondaga Lake, and presents various options for
the restoration of the resources and service flows of Onondaga Lake. The instrument might
then ask respondents to vote for or algainst a program to undertake these options, given some
expected tax increase to fund the described options. In this way the contingent valuation
method could be used to determine New York State resident's willingness-to-pay for actions to

restore the resources and service flows of Onondaga Lake.

Full Scale S Cditinterat

Once a final survey instrument(s) has been selected and fully tested, the next step in
the contingent valuation research process involves administration of the full-scale survey.
Factors that determine the nature of the full-scale survey will include, but not be limited to, the
following: the mode of survey administration chosen (e.g., in-person versus telephone), the
sample frame (discussed further below), and the number of survey instruments used. For
example, multiple versions of an instrument may be administered to test the effect of variations

in the injury description (i.e., scope) on respondents’ willingness to pay.

The sample frame for this study includes all households in New York State and
may include more intensive sampling of households in the Onondaga Lake area. For example,
the survey might be administered at two geographic levels: households in Onondaga County
and households throughout New York State. This approach will assure sufficient data to allow
for the consideration of the effect of distance to the site on willingness to pay for actions to
restore the resources of the site, as well as the relative importance of direct use and passive use
values for the site. The NOAA Panel guidelines will be considered in development of the

survey sample.
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The final stage of this task involves analysis of the results of the contingent
valuation survey to estimate respondent willingness to pay. The analytic approaches used
depend on the nature of the final survey instrument(s). For example, the use of debriefing
and/or scope questions will determine the need for specific analyses. A final report shall be
deveIoped that fully describes the methods used, difficuities encountered, and resuits obtained

from this research effort.
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APPENDIX A

DEFINITION OF INJURIES
Pursuant to 43 CFR Part II



The Injury Determination phase of the Natural Resources Damage Assessment is
described under §11.61 of 43 CFR. It requires that the authorized official determine if an injury
to one or more of the natural resources has occurred according to procedures outlined in the

Injury Determination phase.

The purpose of the Injury Determination phase is to provide guidance so only
damage assessments involving injuries resulting from the discharge of oil or release of a
hazardous substance proceed through the type B assessment as described in §11.60. The first
step in the Injury Determination phage is to determine what type of natural resource has been
potentially injured. These include surface water, groundwater, air, geologic and biological
resources. Sediments are included with surface water as defined in §11.14. Once the resources

have been identified the determination of injury is made.

In order to determine injury, guidance is provided by certain injury definitions.

These definitions are presented below as they appear in §11.62(b) through §11.62(f).
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§11.62(b) Surface water resources

1.

iii.

v.

2.(1)

An injury to a surface water resource has resulted from the discharge of oil or release of a
hazardous substance if one or more of the following changes in the physical or chemical
quality of the resources is measured:

Concentrations and duration of substances in excess of drinking water standards as
established by sections 1411-1416 of SDWA, or by other Federal or State laws or regula-
tions that establish such standards for drinking water, in surface water that was potable
before the discharge or release;

Concentrations and duration of substances in excess of water quality criteria established by
section 1401(1)(D) of SDWA, or by other Federal or State laws or regulations that
establish such criteria for public water supplies, in surface water that before the discharge
or release met the criteria and is a committed use, as the phrase is used in this part, as a
public water supply;

Concentrations and duration of substances in excess of applicable water quality criteria
established by section 304(a)(1) of the CWA, or by other Federal or State laws or regula-
tions that establish such criteria, in surface water that before the discharge or release met
the criteria and is a committed use, as that phrase is used in this part, as a habitat for
aquatic life, water supply or recreation. The most stringent criterion shall apply when
surface water is used for more than one of these purposes;

Concentrations of substances on bed, bank, or shoreline sediments sufficient to cause the
sediment to exhibit characteristics identified under or listed pursuant to section 3001 of the
Solid Waste Disposal Act, 42 U.S.C. 6921; or

Concentrations and duration of substances sufficient to have caused injury as defined in
paragraphs (c), (d), (e), or (f) of this section to ground water, air, geologic, or biological
resources, when exposed to surface water, suspended sediments, or bed, bank, or shoreline
sediments.

The acceptance criterion for injury to the surface water resource is the measurement of
concentrations of oil or a hazardous substance in two samples from the resource. The
samples must be one of the following types, except as specified in paragraph (b)(3) of this
section:
-
A. Two water samples from different locations, separated by a straight-line distance of
not less than 100 feet; or

B. Two bed, bank, or shoreline sediment samples from different locations separated by a
straight-line distance of not less than 100 feet; or

C. One water sample and one bed, bank, or shoreline sediment sample; or

D. Two water samples from the same location collected at different times.
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ii. In those instances when injury is determined and no oil or hazardous substances are
detected in samples from the surface water resource, it must be demonstrated that the
substance causing injury occurs or has occurred in the surface water resource as a result of
physical, chemical, or biological reactions initiated by the discharge of oil or release of a
hazardous substance.

3. If the maximum straight-line distance of the surface water resource is less than 100 feet,
then the samples required in paragraph (b)(2)i) (A) and (B) of this section should be
separated by one-half the maximum straight-line distance of the surface water resource.
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(c) Ground water resources

1

iii.

v.

iii.

An injury to the ground water resource has resulted from the discharge of oil or release of a
hazardous substance if one or more of the following changes in the physical or chemical
quality of the resource is measured:

Concentrations of substances in excess of drinking water standards, established by sections
1411-1416 of the SDWA, or by other Federal or State laws or regulations that establish
such standards for drinking water in ground water that was potable before the discharge or
release;

Concentrations of substances in excess of water quality criteria, established by section
1401(1)(d) of the SDWA, or by other Federal or State laws or regulations that establish
such criteria for public water supplies, in ground water that before the discharge or release
met the criteria and is a committed use, as the phrase is used in this part, as a public water

supply;

Concentrations of substances in excess of applicable water quality criteria, established by
section 304(a)(1) of the CWA, or by other Federal or State laws or regulations that
establish such criteria for domestic water supplies, in ground water that before the dis-
charge or release met the criteria and is a committed use as that phrase is used in this part,
as a domestic water supply; or

Concentrations of substances sufficient to have caused injury as defined in paragraphs (b),
(d), (e), or (f) of this section to surface water, air, geologic, or biological resources, when
exposed to ground water.

The acceptance criterion for injury to ground water resources is the measurement of
concentrations of oil or hazardous substance in two ground water samples. The water
samples must be from the same geohydrologic unit and must be obtained from one of the
following pairs of sources, except as specified in paragraph (c)(3) of this section:

Two properly constructed wells separated by a straight-line distance of not less than 100
feet; or

A properly constructed well and a natural spring or seep separated by a straight-line
distance of not less than 100 feet; or

Two natural springs or seeps separated by a straight-line distance of not less than 100 feet.

If the maximum straight-line distance of the ground water resource is less than 100 feet, the
samples required in paragraph (c)(2) of this section should be separated by one-half of the
maximum straight-line distance of the ground water resource.

In those instances when injury is determined and no oil or hazardous substance is detected
in samples from the ground water resource, it must be demonstrated that the substance
causing injury occurs or has occurred in the ground water resource as a result of physical,
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chemical, or biological reactions initiated by the discharge of oil or release of hazardous
substances.
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(d) Air resources. An injury to the air resource has resulted from the discharge of oil or
release of hazardous substance if one or more of the following changes in the physical or
chemical quality of the resource is measured:

1. Concentrations of emissions in excess of standards of hazardous air pollutants established
by section 112 of the Clean Air Act, 42 U.S.C. 7412, or by other Federal or State air
standards established for the protection of public welfare or natural resources; or

2. Concentrations and duration of emissions sufficient to have caused injury as defined in
paragraphs (b), (c), (e), or (f) of this section to surface water, ground water, geologic, or
biological resources when exposed to the emissions.
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(¢) Geologic resources. An injury to the geologic resource has resulted from the discharge
of oil or release of a hazardous substance if one or more of the following changes in the physical
or chemical quality of the resource is measured:

1.

10.

LL:

Concentrations of substances sufficient for the materials in the geologic resource to exhibit
characteristics identified under or listed pursuant to section 3001 of the Solid Waste
Disposal Act, 42 U.S.C. 6921;

Concentrations of substances sufficient to raise the negative logarithm of the hydrogen ion
concentration of the soil (pH) to above 8.5 (above 7.5 in humid areas) or to reduce it below
4.0;

Concentrations of substances sufficient to yield a salt saturation value greater than 2
millimhos per centimeter in the soil or a sodium adsorption ratio of more than 0.176:

Concentrations of substances sufficient to decrease the water holding capacity such that
plant, microbial, or invertebrate populations are affected;

Concentrations of substances sufficient to impede soil microbial respiration to an extent
that plant and microbial growth have been inhibited;

Concentrations in the soil of substances sufficient to inhibit carbon mineralization resulting
from a reduction in soil microbial populations;

Concentrations of substances sufficient to restrict the ability to access, develop, or use
mineral resources within or beneath the geologic resources exposed to the oil or hazardous
substance;

Concentrations of substances sufficient to have caused injury to ground water, as defined in
paragraph (c) of this section, from physical or chemical changes in gases or water from the
unsaturated zone;

Concentrations in the soil of substances sufficient to cause a toxic response to soil inverte-
brates;

Concentrations in the soil of substances sufficient to cause a phytotoxic response such as
retardation of plant growth; or

Concentrations of substances sufficient to have caused injury as defined in paragraphs (b),
(¢), (d), or (f), of this section to surface water, ground water, air, or biological resources
when exposed to the substances.
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(f) Biological resources.

1.

1il.

ii.

iii.

v,

An injury to a biological resource has resulted from the discharge of oil or release of a
hazardous substance if concentration of the substance is sufficient to:

Cause the biological resource or its offspring to have undergone at least one of the
following adverse changes in viability: death, disease, behavioral abnormalities, cancer,
genetic mutations, physiological malfunctions (including malfunctions in reproduction), or
physical deformations; or

Exceed action or tolerance levels established under section 402, of the Food, Drug and
Cosmetic Act, 21 U.S.C. 342, in edible portions of organisms; or

Exceed levels for which an appropriate State health agency has issued directives to limit or
ban consumption of such organism.

The method for determining injury to a biological resource, as defined in paragraph
(£)(1)(i) of this section, shall be chosen based upon the capability of the method to
demonstrate a measurable biological response. An injury can be demonstrated if the
authorized official determines that the biological response under consideration can satisfy
all the following acceptance criteria:

The biological response is often the result of exposure to oil or hazardous substances. This
criterion excludes biological responses that are caused predominantly by other environ-
mental factors such as disturbance, nutrition, trauma, or weather. The biological response
must be a commonly documented response resulting from exposure to oil or hazardous
substances.

Exposure to oil or hazardous substances is known to cause this biological response in free-
ranging organisms. This criterion identifies biological responses that have been docu-
mented to occur in a natural ecosystem as a result of exposure to oil or hazardous sub-
stances. The documentation must include the correlation of the degree of the biological
response to the observed exposure concentration of oil or hazardous substances.

Exposure to oil or hazardous substances is known to cause this biological response in
controlled experiments. This criterion provides a quantitative confirmation of a biological
response occurring under environmentally realistic exposure levels that may be linked to
oil or hazardous substance exposure that has been observed in a natural ecosystem.
Biological responses that have been documented only in controlled experimental condi-
tions are insufficient to establish correlation with exposure occurring in a natural €cosys-
tem.

The biological response measurement is practical to perform and produces scientifically
valid results. The biological response measurement must be sufficiently routine such that it
is practical to perform the biological response measurement and to obtain scientifically
valid results. To meet this criterion, the biological response measurement must be
adequately documented in scientific literature, must produce reproducible and verifiable
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results, and must have well defined and accepted statistical criteria for interpreting as well
as rejecting results.

3. Unless otherwise provided for in this section, the injury determination must be based upon
the establishment of a statistically significant difference in the biological response between
samples from populations in the assessment area and in the control area. The determina-
tion as to what constitutes a statistically significant difference must be consistent with the
quality assurance provisions of the Assessment Plan. The selection of the control area shall
be consistent with the guidance provided in §11.72 of this part.

4. The biological responses listed in this paragraph have been evaluated and found to satisfy
the acceptance criteria provided in paragraph (f)(2) of this section. The authorized official
may, when appropriate, select from this list to determine injury to fish and wildlife
resources or may designate another response as the determiner of injury provided that the
designated response can satisfy the acceptance criteria provided in paragraph (f)(2) of this
section. The biological responses are listed by the categories of injury for which they may
be applied.

i.  Category of injury—death. Five biological responses for determining when death is a
result of exposure to the discharge of oil or release of a hazardous substance have met the
acceptance criteria. ‘

A. Brain cholinesterase (ChE) enzyme activity. Injury has occurred when brain ChE
activity in a sample from the population has been inhibited by at least 50 percent
compared to the mean for normal brain ChE activity of the wildlife species. These
enzymes are in the nervous system of vertebrate organisms and the rate of ChE
activity is associated with the regulation of nerve impulse transmission. This biologi-
cal response may be used to confirm injury when anti-ChE substances, such as
organophosphorus and carbamate pesticides, are suspected to have resulted in death to
bird and mammal species.

B.  Fish kill investigations. Injury has occurred when a significant increase in the
frequency or numbers of dead or dying fish can be measured in accordance with the
procedures for counting dead or dying fish contained in Part II (Fish-Kill Counting
Guidelines) of "Monetary Values of Freshwater Fish and Fish-Kill Counting Guide-
lines," American Fisheries Society Special Publication Number 13, 1982 (incorporated
by reference, see §11.18).

C. Wildlife kill investigations. Injury has occurred when a significant increase in the
frequency or number of dead or dying birds or mammal species can be measured in a
population sample from the assessment area as compared to a population sample from
a control area. Wildlife kill investigations may be used when acute mortality has
occurred to multiple wildlife species, or when detectable quantities of oil or hazardous
substances have adhered to, bound to, or otherwise covered surface tissue, or had been
ingested or inhaled by dead or dying bird or mammal species.

D. Insitu bioassay. Injury has occurred when a statistically significant difference can be
measured in the total mortality and/or mortality rates between population samples
exposed in situ to a discharge of oil or a release of hazardous substance and those in a
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control site. In situ caged or confined bioassay may be used to confirm injury when
oil or hazardous substances are suspected to have caused death to fish species.

E. Laboratory toxicity testing. Injury has occurred when a statistically significant
difference can be measured in the total mortality and/or mortality rates between
population samples of the test organisms placed in exposure chambers containing
concentrations of oil or hazardous substances and those in a control chamber.
Published standardized laboratory fish toxicity testing methodologies for acute flow-
through, acute static, partial-chronic (early life stage), and chronic (life cycle) toxicity
tests may be used to confirm injury. The oil or hazardous substance used in the test
must be the exact substance or a substance that is reasonably comparable to that
suspected to have caused death to the natural population of fish.

ii. Category of injury—disease. One biological response for determining when disease is a
result of exposure to the discharge of oil or release of a hazardous substance has met the
acceptance criteria.

A. Finerosion. Injury has occurred when a statistically significant difference can be
measured in the frequency of occurrence of fin erosion (also referred to as fin rot) in a
population sample from the assessment area compared to a sample from the control
area. Fin erosion shall be confirmed by appropriate histological procedures. Fin
erosion may be used when oil or hazardous substances are suspected to have caused
the disease.

iil. Category of injury—behavioral abnormalities. Two biological responses for determining
when behavioral abnormalities are a result of the exposure to the discharge of oil or release
of a hazardous substance have met the acceptance criteria.

A. Clinical behavioral signs of toxicity. Injury has occurred when a statistically signifi-
cant difference can be measured in the frequency of occurrence of clinical behavioral
signs of toxicity in a population sample from the assessment area as compared to a
sample from the control area. Clinical behavioral signs of toxicity are characteristic
behavioral symptoms expressed by an organism in response to exposure to an oil or
hazardous substance. The clinical behavioral signs of toxicity used shall be those that
have been documented in published literature.

B. Avoidance. Injury has occurred when a statistically significant difference can be
measured in the frequency of avoidance behavior iy population samples of fish placed
in testing chambers with equal access to water containing oil or a hazardous substance
and the control water. The oil or hazardous substance used in the test must be the
exact substance or a substance that is reasonably comparable to that suspected to have
caused avoidance to the natural populations of fish. This biological response may be
used to confirm injury when oil or hazardous substances are suspected to have resulted
in avoidance behavior in fish species.

iv. Category of injury—cancer. One biological response for determining when cancer is a
result of exposure to the discharge of oil or release of a hazardous substance has met the
acceptance criteria.
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Fish neoplasm. Injury has occurred when a statistically significant difference can be
measured in the frequency of occurrence of the fish neoplasia when comparing
population samples from the assessment area and a control area. Neoplasms are
characterized by relatively autonomous growth of abnormal cells that by proliferation
infiltrate, press upon, or invade healthy tissue thereby causing destruction of cells,
interference with physiological functions, or death of the organism. The following
type of fish neoplasia may be used to determine injury: liver neoplasia and skin
neoplasia. The neoplasms shall be confirmed by histological procedures and such
confirmation procedures may also include special staining techniques for specific
tissue components, ultra-structural examination using electron microscopy to identify
cell origin, and to rule out or confirm viral, protozoan, or other causal agents. Fish
neoplasm may be used to determine injury when oil or hazardous substances are
suspected to have been the causal agent.

v. Category of injury—physiological malfunctions. Five biological responses for determining
when physiological malfunctions are a result of exposure to the discharge of oil or release
of a hazardous substance have met the acceptance criteria.

A.

Eggshell thinning. Injury has occurred when eggshell thicknesses for samples for a
population of a given species at the assessment area are thinner than those for samples
from a population at a control area, or are at least 15 percent thinner than eggshells
collected before 1946 from the same geographic area and stored in a museum. This
biological response is a measure of avian eggshell thickness resulting from the adult
bird having assimilated the oil or hazardous substance. This biological response may
be used when the organochlorine pesticide DDT or its metabolites are suspected to
have caused such physiological malfunction injury.

Reduced avian reproduction. Injury has occurred when a statistically significant
difference can be measured in the mean number of young fledged per active nest when
comparing samples from populations in the assessment area and a control area. The
fledgling success (the number of healthy young leaving the nest) shall be used as the
measurement of injury. Factors that may contribute to this measurement include egg
fertility, hatching success, and survival of young. This biological response may be
used when oil or hazardous substances are suspected to have reduced the nesting
success of avian species.

Cholinesterase (ChE) enzyme inhibition. Injury has occurred when brain ChE activity
in a sample from the population at the assessment area shows a statistically significant
inhibition when compared to the mean activity level in samples from populations in a
control area. These enzymes are in the nervous systems of vertebrate organisms and
the rate of ChE activity is associated with the regulation of nerve impulse transmis-
sion. This biological response may be used as a demonstration of physiological
malfunction injury to birds, mammals, and reptiles when anti-ChE substances, such as
organophosphorus and carbamate pesticides, have been discharged or released.

Delta-aminolevulinic acid dehydratase (ALAD) inhibition. Injury has occurred when
the activity level of whole blood ALAD in a sample from the population of a given
species at an assessmentarea is significantly less than mean values for a population at
a control area. and ALAD depression of at least 50 percent can be measured. The
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ALAD enzyme is associated with the formation of hemoglobin in blood and in
chemical detoxification processes in the liver. This biological response is a measure
of the rate of ALAD activity. This biological response may be used to determine
injury to bird and mammal species that have been exposed to lead.

Reduced fish reproduction. Injury has occurred when a statistically significant
difference in reproduction success between the control organisms and the test organ-
isms can be measured based on the use of published standardized laboratory toxicity
testing methodologies. This biological response may be used when the oil or hazard-
ous substance is suspected to have caused a reduction in the reproductive success of
fish species. Laboratory partial-chronic and laboratory chronic toxicity tests may be
used. The oil or hazardous substance used in the test must be the exact substance or a
substance that is reasonably comparable to that suspected to have caused reduced
reproductive success in the natural population of fish.

vi. Category of injury—physical deformation. Four biological responses for determining when
physical deformations are a result of exposure to the discharge of oil or release of a
hazardous substance have met the injury acceptance criteria.

A.

Overt external malformations. Injury has occurred when a statistically significant
difference can be measured in the frequency of overt external malformation, such as
small or missing eyes, when comparing samples from populations of wildlife species
from the assessment area and a control area. This biological response may be used as
a demonstration of injury when such physical deformations are observed in wildlife
species exposed to oil or hazardous substances.

Skeletal deformities. Injury has occurred when a statistically significant difference
can be measured in the frequency of skeletal deformities, such as defects in growth of
bones, when comparing samples from populations of wildlife species from the
assessment area and a control area. This biclogical response may be used as a
demonstration of injury when such physical deformations are observed in wildlife
species exposed to oil or hazardous substances.

Internal whole organ and soft tissue malformation. Injury has occurred when a
statistically significant difference can be measured in the frequency of malformations
to brain, heart, liver, kidney, and other organs, as well as soft tissues of the gastroin-
testinal tract and vascular system, when comparing samples from populations of
wildlife species in the assessment area and a contro] area. This biological response
may be used as a demonstration of injury when such physical deformations are
observed in wildlife species exposed to oil or hazardous substances.

Histopathological lesions. Injury has occurred when a statistically significant
difference can be measured in the frequency of tissue or cellular lesions when compar-
ing samples from populations of wildlife species from the assessment area and a
control area. This biological response may be used as physical deformations are
observed in wildlife species exposed to oil or hazardous substances.
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APPENDIX B

DATA REVIEW FOR INJURY ASSESSMENT



The following discussion is an evaluation of the existing injury data for BTEX
compounds, chlorinated benzene compounds, PAH compounds, mercury, other metals (lead),
and ionic wastes related to release(s) of these substances by Allied. A summary of this data as
it relates to the assessment of injury to natural resources is presented in Sections 6.2 through

6.8 of Volume 1.
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1.0 BTEX COMPOUNDS

BTEX (benzene, toluene, ethylbenzene and xylene) compounds, in particular
benzene, were used by Allied in the production of chlorinated benzene compounds. Production
and release of BTEX compounds from Allied have been documented and are presented in detail
in Section 6.2 of this document. The following is a review of the existing data used in

determining natural resource injuries.

+

1.1 INJURIES TO SURFACE WATER RESOURCES

1.1.1 Surface Water

The criteria for demonstration of an injury to water from the Natural Resource
Damage Assessment (NRDA) regulations (43 CFR § 11.62 (b)) is summarized in Appendix A
of this report. Potential injury criteria for surface water are summarized in Section 6.2 and
Appendix D. For BTEX compounds in surface water, the following injury criteria apply to the
assessment of natural resource damages: benzene, 6 ug/l (NYSDEC 1993a); toluene 10,000
pg/1 based on protection of human health (EPA recalculated Integrated Risk Information
System (IRIS) value for consumption of water and organisms; assuming that consumption of
water can occur through contact recreation, a designated use of Class B and C waters);
ethylbenzene, 3,100 ug/l (EPA recalculated IRIS value for human health protection based on
consumption of water and organisms) and; xylenes, no standards for non-potable water. Itis
notable that New York State has no standards or guidance for toluene, ethylbenzene or xylenes

in surface waters with a classification other than A.

Few historical data exist evaluating the concentration of BTEX compounds in the
surface waters of Onondaga Lake. An unspecified number of water samples were collected by
Allied in 1980 and 1981 in the vicinity of the Willis Avenue Plant (Lipe, et al. 1983). Lake
concentrations of benzene, toluene and xylene were found in concentrations less than 1 ug/l.
Seven water samples were collected along the shoreline of the Allied facilities in 1982
(Onondaga County 1983 as citedip PTI 1991). BTEX compounds were not detected although
detection limits were not specified. Eight water samples were collected in 1987 (NYSDEC
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1989) at depths of 3 meters or greater and analyzed for BTEX compounds. Toluene was
detected in three samples (concentrations well below injury criteria) but was also detected in the
blank so these data are of questionable value. Benzene, ethylbénzenc and xylenes were not
detected. An injury to the surface water of Onondaga Lake cannot be determined from the data

available from any of the investigations discussed above.

BTEX compounds are on the list of site volatile organic compounds analyzed from
samples collected in 1992 for the lake water chemistry study completed as a part of the
substance distribution investigation (PTI 1993a). BTEX compounds were reported as unde-
tected at two stations and two depths, however, results for three of the four samples have
detection limits of 10 g/l for benzene which is higher than the site injury criterion for
benzene. BTEX compounds in the lake water were also analyzed as a part of the Water
Column Process Study (PTI 1993b). Results from monthly samples collected from April
through September of 1992 at two in-lake stations and multiple water depths were all below the
detection limit for BTEX compounds. An injury determination cannot be made using these
data. To date, BTEX compounds have not been reported in excess of injury criteria in
Onondaga Lake. The presence of a substantial surface water injury to Onondaga Lake related

to BTEX compounds in the water column attributable to Allied releases is not likely.

Onondaga Lake tributary sampling was conducted in 1987 by New York State
Department of Environmental Conservation (NYSDEC 1989). BTEX analysis of samples
showed low concentrations of BTEX compounds in several tributaries but none of the reported
concentrations exceeded site specific injury criteria for surface water. An injury determination

for the tributary waters cannot be made using these data.

The most complete tributary sampling for BTEX compounds was conducted as a
part of the Loading and Flushing Study conducted in 1992 (PTI 1993b). Monthly samples were
collected during low flow conditions from April through December of 1992 (although only
select tributaries were sampled in October, November and December) while high flow samples
were collected from August through December of 1992. Results from most samples from the
high flow sampling events were below the method detection limits for the BTEX compounds.
BTEX compounds were frequently encountered in low flow samples, particularly in Tributary

5A and the East Flume. Of these samples only benzene concentrations exceeded site specific
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injury criteria. These exceedences were noted on four occasions in Tributary SA (maximum of
60 pg/l in April of 1992), on two occasions in Harbor Brook (maximum of 1.7 ug/l) and on
one occasion in the East Flume (15 ug/l). The criteria for injury based solely on surface water
concentrations have been met for only Tributary SA and Harbor Brook (two samples in excess
of the injury criterion for benzene at two different points in time). However, the surface water
exceedence in the East Flume when coupled with sediment concentrations (Appendix B, Section

1.1.2) also indicates that a surface water injury has occurred there.

1.1.2 Sediments

The NRDA regulations present sediment injury criteria with surface water injury
criteria. These criteria are presented and discussed in Appendix A. An injury to sediments is
viewed as an injury to surface water. The only sediment injury criterion with respect to BTEX
compounds for Onondaga Lake is 0.6 ug/gOC (micrograms per gram of organic carbon) for
benzene, based on human health and bioaccumulation which transiates to a criteria of 12 ug/kg
(Appendix Table D-2) based on an average organic carbon concentration of 2% (PTI 1993a)
for the sediments. There are no sediment criteria available for toluene, ethylbenzene or

xylenes.

In 1987, sediment samples were collected from three lake stations (NYSDEC
1989). Samples were sectioned and analyzed by depth intervals. Benzene concentrations
ranged from undetected below 24 inches at sediment station S-29 to 280 ug/kg in the deep
section (36-42 inches) of the core taken at station S-38. In all, the sediment criterion for
benzene was exceeded in 12 of 15 samples analyzed. The exceedences of the injury criterion
for benzene in the sediment data from 1987 meet the criteria for injury determination from the

damage assessment regulations.

Surface sediment sampling and analysis for BTEX compounds was conducted at 96
stations during the summer of 1992 as a part of the Sediment Chemistry Study (PTI 1993a)
Benzene was detected in 40 of 100 surface sediment samples collected from 96 sampling
stations (two stations had triplicate sampling). The station with the maximum concentration

was station S28 (5700 ug/kg), which is located near shore in the vicinity of the Semet Residue
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Ponds. In all,the injury criterion for benzene were exceeded in 25 samples. Twenty-five other
results reported as undetected for benzene had stated detection limits above the site specific
injury criterion. There are numerous examples of standard or cfiteria exceedence for benzene
that can be drawn from these data that meet the injury determination criteria detailed in Section

6.0 for sediments.

BTEX compounds were also analyzed from sectioned cores collected at 72 stations
during the summer of 1992 as a part of the Sediment Chemistry Study (PTI 1993a). The
maximum concentration of benzene observed was at station S15 at a depth of 120-150 cm
(34,000 pg/kg). This station is nearly midway between the mouth of the East Flume and the
mouth of Onondaga Creek. In all, exceedences of the sediment injury criterion for benzene
were noted in 147 of 306 sediment samples collected as a part of the sediment coring program.
Many of the results reported as undetected for benzene had stated detection limits in excess of
the sediment injury criterion. There are numerous examples of standard or criteria exceedence
for benzene that can be drawn from these data that meet the injury determination criteria

detailed in Section 6.0 for sediments.

Sediment samples were collected in 1987 from stations near the mouth of each
major tributary to Onondaga Lake. Results from this sampling event indicated that benzene
was present in low concentrations in Bloody Brook (0.5 ug/kg) and Harbor Brook (0.5 ug/kg)
and at somewhat higher concentrations in Tributary SA (3 ug/kg). These results were all
below injury criteria and therefore do not meet the injury determination criteria for standards

exceedence.

There was no explicit tributary sediment sampling program as a part of the
Sediment Chemistry Study completed in 1992 (PTI 1993a). However, some of the sediment
cores described above were collected near the mouth of each of the tributary streams. Results
from the analysis of cores from these stations indicates exceedence of the sediment injury
criterion for benzene in the lake near the mouth of Ninemile Creek, Tributary SA, the East
Flume, Onondaga Creek, Ley Creek, and the Lake Outlet. Stated benzene detection limits for
samples collected in the remaining tributaries (Bloody Brook and Sawmill Creek) were above
the sediment injury criterion. The highest sediment concentrations observed from among this

group of samples were from Harbor Brook and the East Flume. If we assume that these
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samples are representative of tributary sediment quality rather than the lake then a surface
water injury can be established for the East Flume based on the criteria presented in Appendix
A. The combination of the water quality exceedence discussed above and the sediment
exceedence provides a demonstration that an injury to surface water has occurred in the East
Flume and further demonstrates injury for Tributary 5A. Injury cannot be determined for any

other tributary based on these data which consisted of samples from only cne point in time.

Sediment sampling was conducted along five transects in the East Flume in 1993
(PTI1 1994). Of the 10 samples anaiyzed, six exceeded the sediment injury criterion for
benzene. Injury to the East Flume with respect to sediments can be determined from these

data.

1.2 INJURIES TO AIR RESOURCES

According to the NRDA regulations, an injury to air resources has occurred if
concentrations of emissions in air which resulted from the release of hazardous substances
exceed air standards established for the protection of public welfare or natural resources. The
acceptance criteria for determination of an injury to air resources under the NRDA regulations
is summarized in Appendix A of this report. While there are currently no applicable Federal or
State ambient air standards for BTEX compounds, the Division of Air Resources has estab-
lished guideline values for the control of 189 toxic ambient air contaminants (Air Guide as cited
in NYSDEC 1991 unpublished). The guideline values which may serve as potential injury
criteria for BTEX compounds in air for the Onondaga Lake system are summarized in Section
6.2 and Appendix D. The limited data collected to date has been most comparable to Short-
term Guideline Concentrations (SGC) which are based on 1-hour average concentrations. The
SGC values for BTEX compounds are; benzene, 0.0094 ppm; toluene, 23.7 ppm; ethylben-

zene, 23 ppm and; mixed xylenes 23 ppm.

The NYSDEC Division of Air Resources screened air over the Semet Residue
Ponds in 1985, 1988, and 1989 (NYSDEC 1991 unpublished). Peak benzene concentrations
were detected at 220 ppb, with a-qne-hour average of 50 ppb. During the same one-hour

period, average toluene and xylene concentrations were observed at 24 and 17 ppb, respective-
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ly. The date of these findings was not specified. Benzene concentrations from these sampling

events may meet the acceptance criteria for demonstration of an injury to air resources.

O'Brien and Gere (1991) monitored air upwind and downwind of the Semet
Residue Ponds during monitoring well installation in January of 1991 as a part of the remedial
investigation for that site. Benzene, toluene and xylene were monitored. Upwind concentra-
tions of all three compounds were lower than downwind concentrations. Sample results did not
indicate that airborne contaminants including BTEX compounds were migrating away from the
site. However, volatilization of BTEX compounds is highly temperature dependent (USEPA
1979). Thus, sampling results from January are likely not representative of a worst-case
scenario for air emissions from the site. According to this report, these findings were
consistent with Allied findings in 1978, 1979 and 1983 and NYSDEC findings in 1985. These
concentrations were below site specific injury criteria for air resources. Injury to air resources

cannot be determined from these data.

O'Brien and Gere (1993) investigated the potential for air resources to be impacted
by releases of volatile organics including BTEX compounds from the Willis Avenue Site, the
Petroleumn Storage Facility, and Associated Hot-Spots. Specific air monitoring results are not
presented in this report. However, mention of air resources is made in the baseline risk
assessments for the three areas covered by this report. The Willis Avenue risk assessment
indicates that air provides a complete exposure pathway for volatile organic compounds
including BTEX compounds during future construction activities at the plant site and during
maintenance of pipelines on the site. The exposure pathway was determined to be incomplete
for air associated with the Semet Residue Ponds staging area because soil excavation activities
are not expected under this scenario and ambient air monitoring did not detect volatile organic
compounds including BTEX. Exposure to air emissions was fiot mentioned in the risk
assessments for the petroleum storage area or for the chlorobenzene hotspots area. Injury to air

resources cannot be determined from these data.
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1.3 INJURIES TO GEOLOGIC RESOURCES

Acceptance criteria for an injury to geologic resources under the NRDA regulations
are summarized in Appendix A. Geologic resource contamination relevant to this damage
claim is generally restricted to Allied property. The contamination of the soils (geologic
resources) provides a continuing source of contamination to the groundwater and ultimately the
surface waters, sediments and biota of Tributary 5A, the East Flume and Onondaga Lake. Asa
source of contamination to other resources, soils on site meet the definition of injury (Appendix

A). Groundwater, surface water and biota are trust resources in the study area.

Soil cleanup levels in New York State are based on levels that are considered
protective of human health and groundwater quality and are representative of background

concentrations taking into account method detection limits.

Soil cleanup levels which can be used as injury screening criteria for BTEX
compounds are calculated based on soil organic content. There are few data available on the
organic content of the soil associated with soil samples collected as a part of the remedial
investigations on the Allied site so site specific injury criteria for soil were calculated based on
a soil organic content of 1% (NYSDEC 1994a). Soil injury criteria for BTEX compounds are
then: benzene, 60 ug/kg; toluene, 1500 pg/kg; ethylbenzene, 5500 ug/kg and; xylene, 1200
ug/kg (Appendix Table D-4).

Borings were completed as a part of the remedial investigation of the Semet
Residue Ponds (O'Brien and Gere 1991) but soils were not analyzed for organic compounds.
However, given the extent of contamination of the groundwater and the sediments in the
vicinity of the site, it is likely that soils in the vicinity of the Semet Residue Ponds are also

contaminated.

Soil samples were collected in 1992 as a part of the remedial investigation of the
Willis Avenue Plant, petroleum storage area and associated hotspots (O'Brien and Gere 1993).
Nineteen core section samples (and one duplicate) were collected at 10 locations at depths of 4
feet to 29 feet. The injury criterion for benzene was exceeded in 13 of 19 samples with a

maximum reported value of 40,000 pug/kg. Two other samples had reported detection limits
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above the soil injury criterion. Toluene, ethylbenzene and xylene samples were all below
injury criteria or reported as undetected although reported detection limits were frequently in
excess of injury criterions. Injury to geologic resources with respect to benzene can be

determined from these data.

1.4 INJURIES TO BIOLOGICAL RESOURCES

The criteria for demonstration of an injury to biological resources are summarized
in Appendix A. There are no state or Federal standards or guidelines for BTEX compounds in
edible portions of aquatic organisms that are applicable to Onondaga Lake, however, acute and
chronic criteria for water and sediments were developed to insure the survival of aquatic life
and prevent the bioaccumulation of substances. Potential exceedences of those standards are

addressed in Sections 1.1.1 and 1.1.2 of this appendix.

Benzene was evaluated in the muscle tissue of fishes in 1980 (Hindenlang et al.
1981 as cited in PTI 1991). Benzene was found in concentrations above the detection limit of
0.05 mg/kg in several fish species and as high as 0.2 mg/kg in channel catfish. However,
injury cannot be determined from these data because there are no injury criteria available for

benzene.

Lipe et. al. (1983) reported that Allied had found contamination by organic
compounds including benzene, toluene and xylene in fish at levels of 0.1 to 0.9 ppm.
Individual concentrations were not reported so injury determination is not possible from these
data.

Bioaccumulation of organic compounds in fish flesh was examined by Stearns &
Wheler (1993) but BTEX compounds were not included in the list of analytes. Some limited
data on BTEX compounds in fish is available in the Bioaccumulation Investigation Data Report
(PTI 1993c) prepared as a part of the remedial action for Onondaga lake. In the absence of

standards for BTEX compounds in fish flesh, injury cannot be determined from these data.
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Sediment toxicity was evaluated as a part of the Ecological Effects Investigation
(PTI 1993d) completed as a part of the remedial action for Onondaga Lake. Injury to biologi-
cal resources cannot be determined with these data used independently. However, these data,
when coupled with sediment chemistry data collected as a part of the Sediment Chemistry
Study may yield correlations between presence of BTEX compounds and the toxicity of
sediments that could be used to demonstrate injury. Specific biologic responses such as
changes in reproduction, viability or growth, among others, related to the release of hazardous
materials must be demonstrable for BTEX compounds in order to determine injury in the
absence of specific standards (Appe;ldix A). Pursuit of this line of inquiry may require
carefully controlled, site specific research studies to confirm that correlated information
represents a cause and effect. At present, injury with regard to releases of BTEX compounds

from Allied to biologic resources cannot be demonstrated with existing data.

1.5 INJURIES TO GROUNDWATER RESOURCES

New York State has only one classification for groundwater resources, narnely,
Class GA. Injury criteria for groundwater resources potentially injured by releases of
substances by Allied are therefore based the standards and guidance values associated with this
classification. Injury criteria for BTEX compounds in groundwater in the vicinity of Onondaga
Lake are as follows; benzene, 0.7 ug/l; toluene, 5 pg/l; ethylbenzene 5 pg/l and; xylenes, 5
ug/1 (Appendix Table D-6). The criteria for demonstration of an injury to groundwater are

summarized in Appendix A.

Many studies have investigated groundwater contamination by organic compounds
in the vicinity of the Allied facilities near Onondaga Lake. Contamination of groundwater by
BTEX compounds in the vicinity of the former Willis Avenue Plant and the Semet Residue
Ponds has been frequently reported.

Blasland and Bouck (1990) and Advanced Environmental Services, Inc. (1992)
evaluated groundwater in the vicinity of the Bridge Street Plant. Toluene was not detected in

any samples collected.

~
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A study conducted by Allied in 1980 and 1981 (cited in Lipe et. al. 1983) acknowl-
edged groundwater contamination by benzene, toluene and xylene in the vicinity of the former
Willis Avenue plant and the Semet tar lagoon (residue ponds). "This contamination was
reported to be seeping into Onondaga Lake. Groundwater Technology (cited in PTI 1991)
estimated that hydrocarbons including benzene, toluene and xylene were moving towards the

lake at a rate of 146 kg/day in the shallow groundwater.

Two rounds of groundwater samples were collected from 22 monitoring wells at
eight locations and three depths as a part of the remedial investigation of the Semet Residue
Ponds (O'Brien and Gere 1991). Benzene was detected in excess of the injury criterion in 27
of 30 samples from monitoring wells near or downgradient of the residue ponds. Reported
detection limits for the three other samples were above the injury criterion for benzene.
Benzene was also detected in several upgradient samples (3 of 14) but generally in concentra-
tions well below concentrations observed near the residue ponds or downgradient. Injury
criteria were also exceeded for toluene (15 of 30 samples), ethylbenzene (1 of 30 samples) and
xylenes (4 of 30 samples) near the ponds or downgradient. Reported detection limits for these
analytes were frequently in excess of injury criteria. Injury to groundwater resources can be
determined from these data with respect to benzene, toluene and xylenes in shallow, midlevel

and deep groundwater.

Groundwater samples were also collected as a part of the remedial investigation of
the Willis Avenue Plant, Petroleum Storage Facility and associated hotspots (O'Brien and Gere
1993). Samples were collected at 20 monitoring wells from seven locations at the Willis
Avenue Plant on two occasions in 1992. Wells were screened in shallow, midlevel and deep
groundwater. Three shallow and one deep groundwater monitoring well were installed and
sampled at the petroleum storage area. In addition, seven wells were sampled at the chloro-
benzenes hot-spots area. Monitoring data from the Willis Avenue Site showed benzene
concentrations in excess of the injury criterion in 33 of 40 samples associated with the Willis
Avenue facility. Stated detection limits for benzene from the other 7 samples were in the
excess of injury criterion. Toluene (11 of 40 samples), ethylbenzene (1 of 40 samples), and
xylenes (5 of 40 samples) were also found in excess of groundwater injury criteria. Many of

the reported detection limits for toluene, ethylbenzene and xylenes were in excess of injury
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criteria. Injury to groundwater with respect to releases of benzene, toluene and xylenes in the

vicinity of the Willis Avenue Plant can be determined from these data.

The benzene injury criterion was exceeded in all eight groundwater samples
collected in the vicinity of the Petroleum Storage Facility. Toluene (1 of 8 samples) and
xylenes (2 of 8 samples, both from the same well cluster) were also found in excess of injury
criteria. Injury to groundwater resources with respect to releases of benzene in the vicinity of
the Petroleum Storage Facility can be determined from these data.

The benzene injury criterion was exceeded in 5 of 12 groundwater samples
collected in the vicinity of the chlorobenzene hotspots area. Toluene, ethylbenzene and Xylenes
concentrations were all below injury criteria. Injury to groundwater resources with respect to
releases of benzene in the vicinity of the chlorobenzene hotspots area can be determined from

these data.

_ Groundwater chemistry was analyzed in the nearshore sediments of Onondaga Lake
offshore from the Semet Residue Ponds and the Willis Avenue Plant (PTI 1993a). A total of 17
stations were sampled with either piezometers or minipiezometers at a depth of 8-10 feet below
the sediment-water interface for BTEX compounds. Concentrations in excess of injury criteria
were found for benzene (17 of 17 samples), toluene (11 of 17 samples), ethylbenzene (7 of 17
samples) and xylenes (12 of 17 samples). Injury to groundwater resources can be determined

with respect to releases of all four BTEX compounds based on these data.
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2.0 CHLORINATED BENZENE COMPOUNDS

Chlorinated benzene compounds were the primary chemicals produced at Allied’s
Willis Avenue Plant from 1918 to 1977. Production and release of chlorinated benzene
compounds from Allied have been documented and are presented in detail in Section 6.3 of this
document. The following is a review of the existing data used in determining Natural Resource

injuries.

2.1 INJURIES TO SURFACE WATER RESOURCES
2:1.1 Surface Water

The criteria for demonstration of an injury to water resources from the NRDA
regulations (43 CFR §11.62 (b)) are summarized in Appendix A. Potential injury criteria for
chlorinated benzene compounds in surface water are summarized in Section 6.3 and Appendix
D

New York State has few standards for individual isomers of chlorinated benzene
compounds in waters classified below A. Standards appropriate for Onondaga Lake and its
tributaries (Classes B and C) are generally presented as the sum of the concentrations of the
isomers for compounds with a given level of chlorination. Onondaga Lake and the tributaries
to Onondaga Lake are discussed independently below. Among the tributaries, only Ninemile
Creek, Harbor Brook, Onondaga Creek, Ley Creek (all Class C), and Bloody Brook (Class B)
are classified. Each other tributary was assumed to possess the same classification as Onon-

daga Lake at the point where the tributary enters the lake. *

Few historical data exist evaluating the concentrations of chlorinated benzene
compounds in the surface waters of Onondaga Lake. An Allied investigation conducted in
1980 and 1981 found chlorinated benzenes from an unspecified number of Onondaga Lake
samples in the vicinity of the Willis Avenue Plant at concentrations less than 1 ug/l (Lipe, et al.
1983). It is not known whether these data represent concentrations of individual isomers or

sums of isomers. Seven water samples were collected along the shoreline of the Allied
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facilities in 1982 (Onondaga County 1983 as cited in PTI 1991). Monoclorobenzene and
dichlorobenzene were among the analytes. Monochlorobenzene was detected in one sample at
a concentration of 1 ug/l although detection limits were not specified. This is below the injury
criterion for chiorobenzene (5 pg/l). In 1987, eight water samples were collected from three
sampling locations in Onondaga Lake and analyzed for Hazardous Substance List (HSL)
Organic Compounds. No chlorinated benzene compounds were detected although the reported
detection limits were frequently above injury criteria for the site. Injury to water resources
cannot be determined from these data.

Samples were collected from two depths at two stations in Onondaga Lake in 1992
as a part of the Lake Water Chemistry Study presented in the Substance Distribution Investiga-
tion Data Report (PTI 1993a). Chlorinated benzene results were presented with the Site
Volatile Organic Compounds results and the with the Target Compound List (TCL) Semivola-
tile Organic Compounds results. The reported detection limit for all of the chlorinated benzene
compounds in the Semivolatile list was 10 ug/l which is above the injury criteria for the site for
all chlorinated benzene compounds except the individual isomers of dichlorobenzene. Only one
sample was analyzed for the Site Volatile Organic Compounds which had a reported detection
limit (1 pg/1) below the injury criteria for chlorobenzene and all isomers of dichlorobenzene
and trichlorobenzene. These chlorinated benzene compounds were not detected in this sample.

Injury to water resources cannot be determined from these data.

Onondaga Lake tributary sampling was conducted in 1987 by the NYSDEC (1989).
One sample was collected from each tributary. Samples were analyzed for HSL Organic
Compounds. Monochlorobenzene was detected in Ninemile Creek. 1,2-Dichlorobenzene and
1,2 4-trichlorobenzene were detected in the East Flume. None of the detected concentrations
were above site specific injury criteria for chlorinated benzene compounds although reported
detection limits were frequently above injury criteria for the site. Injury to tributary surface

water resources cannot be determined from these data.

The most complete tributary sampling for chlorinated benzene compounds was
conducted as a part of the Loading and Flushing Study completed in 1992 (PTI 1993b).
Monthly samples were collected during low flow conditions from April through December of

1992 although only select tributaries were sampled in October, November and December).
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High flow samples were collected from August through December of 1992. Data from low
flow sampling showed concentrations of chlorobenzene in the East Flume in April of 7.6 pg/l.
This is in excess of the injury criterion for Class C waters (S,ug}]). Concentrations of chloro-
benzene were not detected during any other sampling events. 1,2 Dichlorobenzene and 1,4
Dichlorobenzene were also detected in samples from the April 1992 low flow event at this
station. The most restrictive injury criterion for these substances is the sum of the isomers of
dichlorobenzene (5 ug/l). This sum was exceeded in the East Flume on 8 of the 9 sampling
dates for the low flow sampling program. These data are sufficient to determine an injury to
surface water with respect to releases of dichlorobenzenes in the East Flume. No other
tributary data for chlorinated benzenes from this sampling program meets the injury determina-

tion criteria.

Exceedences of injury criteria were also noted in the 1992 high flow data from the
East Flume. The sum of concentrations of dichlorobenzene isomers exceeded the injury
criterion of 5 ug/] in September, October and December of 1992. These exceedences are
sufficient to demonstrate that injury to surface water has occurred in the East Flume with
respect to releases of dichlorobenzenes. Injury cannot be determined for any other tributary
from the high flow data.

Hassett and Hubbard (1995) conducted an investigation to identify the sources of
organic compounds to Onondaga Lake. Chlorinated benzenes were found in the southern end
of the lake in the vicinity of the Willis Avenue Plant and in Ninemile Creek suggesting Allied

as the source of their substances.

2.1.2 Sediments :

The NRDA regulations present sediment injury criteria with surface water injury
criteria. These criteria are presented in Appendix A. In some instances, the water quality
criterion is greater than the calculated sediment criterion. In these instances, the water quality
criterion, converted to a mass measure is used as the sediment criterion (NYSDEC 1993b).
Sediment injury criteria with respect to chlorinated benzene compounds for Onondaga Lake are

presented in Section 6.3 and Appendix D.
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In 1987, sediment samples were collected from three lake stations (NYSDEC
1989). Samples were sectioned and analyzed by depth intervals. Monochlorobenzene was
detected in 12 of 15 samples analyzed however, blank contamination in 3 of those samples
makes data from them questionable. Of the remaining 9 samples, concentrations exceeded
sediment criteria for monochlorobenzene in 5 samples from two stations. While isomers of
dichlorobenzene were detected at all three stations at varied sediment depths, the injury
criterion for the sum of the dichlorobenzene isomers was exceeded at only one station at one
depth (sum equals 250 pg/kg). Isomers of trichlorobenzene were detected at two of the three
sediment sampling stations but were not in excess of injury criteria. Based on this sediment

data, injury to lake sediments can only be determined with respect to monochlorobenzene.

Sediment samples were collected in 1987 from stations near the mouth of each
major tributary to Onondaga Lake. Samples were analyzed for the same set of compounds as
the lake sediment samples described above. Results from this sampling event indicated that
chiorinated benzene compounds were present in low concentrations in most tributaries. These
data are somewhat inconclusive due to blank contamination qualifiers on all reported 1,4-
dichiorobenzene concentrations and missing data for many compounds from the East Flume
sample. All usable reported results (eliminating data qualified because of blank contamination)

were below injury criteria. Injury cannot be determined from these data.

Surface sediment sampling and analysis for chlorinated benzene compounds was
conducted at 125 stations during the summer of 1992 as a part of the Sediment Chemistry Study
(PTI 1993a). Samples were analyzed by a combination of volatile and semi-volatile methods
for chlorinated benzene compounds. Not all chlorinated benzene compounds were reported at
all stations. Detection limits reported were frequently in excess of injury criteria so exceedence

numbers may be underestimates.

Monochlorobenzene concentrations reported exceeded the sediment injury criterion
at 13 of 96 sampling stations. The sum of the concentrations of the dichlorobenzene isomers
(assuming that concentrations reported as undetected had concentrations of 0 ug/kg) exceeded
the sediment injury criterion at 7 of 96 surface sediment stations where site volatile compounds
were analyzed. The sum of the concentrations of the trichlorobenzene isomers (assuming that

concentrations reported as undetected had concentrations of 0 ug/kg) exceeded the sediment
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injury criterion at 1 of 96 surface sediment stations. Hexachlorobenzene concentrations
exceeded the sediment injury criterion at 36 of 70 surface sediment stations. In conjunction
with surface sediment samples collected above, samples were céllected from an additional 29
stations with results reported with the chlorinated benzenes analyzed as a part of the TCL
semivolatile organic compound analysis. Injury criteria were exceeded for dichlorobenzenes at
3 of the 29 stations. Samples from 28 of these 29 stations were analyzed for TCL volatile
organic compounds which included monochlorobenzene. The monochlorobenzene injury
criterion was exceeded in 4 of the 28 samples. There are numerous examples of standard or
criteria exceedences for monochlorobenzene, dichlorobenzenes, and hexachlorobenzene that
can be drawn from these data sets that meet the injury determination criteria detailed in

Appendix A for surface sediments in Onondaga Lake.

Chlorinated benzene compounds were also analyzed from sectioned cores collected
during the summer of 1992 as a part of the Sediment Chemistry Study (PTI 1993a). The
maximum concentration of monochlorobenzene observed was at station S15 at a depth of
0-30cm (360,000 pg/kg). This station is nearly midway between the mouth of the East Flume
and the mouth of Onondaga Creek. Maximum benzene concentrations were also observed at
this station. In all, exceedences of the sediment injury criteria for monochlorobenzene were
noted in 110 of 295 sediment core samples (from 73 stations and muitiple depths) collected as a
part of the sediment coring program. Many of the results reported as undetected for
monochlorobenzene had stated detection limits in excess of the sediment injury criteria.
Isomers of dichlorobenzene were analyzed from sectioned core samples coliected from 73
stations (multiple depths). Injury criteria for the sum of dichlorobenzene isomers were
exceeded in 77 of 295 samples with reported results. Many of the results for individual
isomers of dichlorobenzene had stated detection limits in excess of sediment injury criteria.
Isomers of trichlorobenzene were also analyzed from sectionéd core samples collected from 73
stations in Onondaga Lake. However, results from 18 of the stations reported concentrations of
only one isomer (1,2,4-Trichlorobenzene). Nevertheless, injury criteria for the sum of
trichlorobenzene isomers were exceeded in 40 of 295 total samples (3 of 60 with only one
isomer reported). Again, many of the results for individual isomers of trichlorobenzene had
stated detection limits in excess of sediment injury criteria. Hexachlorobenzene was analyzed
from sectioned core samples from 62 stations. Concentrations exceeded injury criteria in 104

of 260 total samples. Most of the reported detection limits for undetected results were above
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the injury criterion for hexachlorobenzene. There are numerous examples of standard or
criteria exceedence for monochlorobenzene, dichlorobenzenes, trichlorobenzenes and
hexachlorobenzenes that can be drawn from these data set that meet the injury determination

criteria detailed in Appendix A for sediments.

There was no explicit tributary sediment sampling program conducted as a part of
the Sediment Chemistry Study completed in 1992 (PTI 1993a). However, sediment cores were
collected near the mouth of each of the tributary streams. Results from the analysis of cores
from these stations indicates exceedence of the sediment injury criterion for monochloro-
benzene in the lake near the mouth of the East Flume, Harbor Brook, Onondaga Creek, and
Ley Creek. The highest sediment concentrations observed from among this group of samples
were from Harbor Brook and the East Flume. The sediment injury criterion for the sum of the
dichlorobenzene isomers was exceeded in the lake near the mouth of the East Flume, Harbor
Brook, and Onondaga Creek however, reported detection limits at several other stations were
above injury criteria. The sediment injury criterion for the sum of the trichlorobenzene
isomers was exceeded in the lake near the mouth of Harbor Brook. Reported detection limits
for trichlorobenzenes were higher than the injury criterion at the mouths of several other
tributaries. Also, concentrations are only reported for one isomer of trichlorobenzene (1,2,4-
Trichlorobenzene) while the injury criterion is based on the sum of the isomers. The sediment
injury criterion for hexachlorobenzene was exceeded near the mouth of Ninemile Creek and
Harbor Brook. Reported detection limits for samples collected at all of the remaining tributar-
ies and the outlet were above the sediment injury criterion for hexachlorobenzene. Injury
resulting from the releases of chlorinated benzene compounds cannot be determined for any
tributary based solely on these data. However, sediment concentrations for monochloro-
benzene and dichlorobenzenes from the East Flume when coupled with water exceedences
reported in Section 2.1.1 of this appendix are sufficient to meet the injury determination criteria

presented in Appendix A.

In 1993 sediment samples were collected along five transects in the East Flume
(PTI 1994). Two samples were taken along each transect. Sediment injury criteria were
exceeded in four samples for monochlorobenzene, six samples for dichlorobenzene isomers and

two samples for trichlorobenzene isomers. Every sample had hexachlorobenzene concentra-
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tions that were well above sediment injury criteria. Injury to the sediments of the East Flume

can be determined from these data.

~

2.2 INJURIES TO AIR RESQURCES

According to the NRDA regulations, an injury to air resources has occurred if
concentrations of emissions in air which resulted from the release of hazardous substances
exceed air standards established for the protection of public welfare or natural resources. The
acceptance criteria for determination of an injury to air resources under the NRDA regulations
is summarized in Appendix A. While there are currently no applicable Federal or state
ambient air standards for chlorinated benzene compounds, the Division of Air Resources has
established guideline values for the control of 189 toxic ambient air contaminants NYSDEC
(1991 unpublished). The guideline values which may serve as potential injury criteria for
chlorinated benzene compounds in air for the Onondaga Lake system are summarized in
Section 6.3 and Appendix D. Data collected to date has been most comparable to Short-term
Guideline Concentrations {SGC) which are based on exposure to 1-hour average concentra-
tions. The SGC values are available only for chlorobenzene and dichlorobenzene (assumed to

be a sum of the isomers) and are 2.4 ppm (2400 ppb) and 5 ppm (5000 ppb), respectively.

The NYSDEC Division of Air Resources screened air over the Semet Residue
Ponds in 1985, 1988, and 1989 (NYSDEC 1991 unpublished). Peak dichlorobenzene
concentrations were detected at 33 ppb at the foundation of the demolished Allied facility.
These concentrations are well below the SGC values for dichlorobenzene. The date of these
findings was not specified. These data does not meet the acceptance criteria for demonstration

of an injury to air resources from releases of chlorinated benZene compounds.

O'Brien and Gere (1991) monitored air upwind and downwind of the Semet
Residue Ponds during monitoring well installation in January of 1991 as a part of the remedial
investigation for that site. Chlorinated benzene compounds were not monitored. However,
upwind concentrations of all monitored compounds were lower than downwind concentrations.
Sample results did not indicate that airborne contaminants were migrating away from the site.

However, volatilization is highly temperature dependent. Thus, sampling results from January
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are likely not representative of a worst-case scenario for air emissions from the site. According
to this report, these findings were consistent with Allied findings in 1978, 1979 and 1983 and
NYSDEC findings in 1985. These concentrations were below site specific injury criteria for
air resources. Injury to air resources from releases of chlorinated benzene compounds cannot

be determined from these data.

O'Brien and Gere (1993) investigated the potential for air resources to be impacted
by releases of volatile organics including chlorinated benzene compounds from the Willis
Avenue Site, the Petroleum Storagc'Facility, and Associated Hot-Spots. Specific air monitor-
ing results are not presented in this report however, mention of air resources is made in the
baseline risk assessments for the three areas covered by this report. The Willis Avenue risk
assessment indicates that air provides a complete exposure pathway for volatile organic
compounds including chlorinated benzene compounds during future construction activities at
the plant site and during maintenance of pipelines on the site. The exposure pathway was
determined to be incomplete for air associated with the Semet Residue Ponds staging area
because soil excavation activities are not expected under this scenario and ambient air monitor-
ing did not detect volatile organic compounds. Exposure to air emissions was not mentioned in
the risk assessments for the petroleum storage area or for the chlorobenzene hotspots area.

Injury to air resources cannot be determined from these data.

2.3 INJURIES TO GEOLOGIC RESOURCES

Criteria for demonstration of an injury to geologic resources under the NRDA
regulations are presented in Appendix A. Geologic resource contamination relevant to this
damage claim is generally restricted to Allied property. The contamination of the soils
(geologic resources) provides a continuing source of contamination to the groundwater and
ultimately the surface waters of Tributary 5A, the East Flume and Onondaga Lake. Both
groundwater and surface water are trust resources. On the basis of continuing impact to the
groundwater and surface water, compensation of the trustee for restoration of the soils on site is

justified.
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Soil cleanup levels in New York State are based on levels that are considered
protective of human health and groundwater quality and are representative of background

concentrations taking into account method detection limits.

Soil cleanup levels which can be used as injury criteria for chlorinated benzene
compounds are calculated based on a soil organic content. There is little data available on the
organic content of the soil associated with soil samples collected as a part of the remedial
investigations on the Allied site so site specific injury criteria for soil were calculated based on
a soil organic content of 1% (NYSDEC 1994a). Soil injury criteria for chlorinated benzene
compounds are then; monochlorobenzene, 1700 pg/kg; 1,2-dichlorobenzene, 7900 ug/kg; 1,3-
dichlorobenzene, 1550 ug/kg; 1,4-dichlorobenzene, 8500 ug/kg; 1,2,4-trichlorobenzene, 3400
ug/kg; and hexachlorobenzene, 1400 pg/kg. There are no injury criteria available for 1,2,5-

trichlorobenzene, tetrachlorobenzene or pentachlorobenzene (Appendix Table D-4).

Borings were completed as a part of the remedial investigation of the Semet
Residue Ponds (O'Brien and Gere 1991) but soils were not analyzed for organic compounds.
However, given the extent of contamination of the groundwater and the sediments in the
vicinity of the site, it is likely that soils in the vicinity of the Semet Residue Ponds are also

contaminated.

Soil samples were collected in 1992 as a part of the remedial investigation of the
Willis Avenue Plant, petroleum storage area and associated hotspots (O'Brien and Gere 1993).
Nineteen core section samples (and one duplicate) were collected at 10 locations at depths of 4
feet to 29 feet. Injury criteria were exceeded for all chlorinated benzene compounds for which
injury criteria are available except hexachlorobenzene which was never reported in excess of
the detection limit although reported detection limits for hexathlorobenzene were frequently
well in excess of the soil injury criterion. Out of 19 samples, injury criteria were exceeded 11
times for monochlorobenzene, 12 times for 1,2-dichlorobenzene, 8 times for 1,3-dichloroben-
zene, 13 times for 1,4-dichlorobenzene and 8 times for 1,2,4-trichlorobenzene. Reported
detection limits were frequently in excess of injury criteria for results reported as undetected.
Injury to geologic resources with respect to each of the chlorinated benzene compounds which

exceeded injury criteria can be determined from these data.
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2.4 INJURIES TO BIOLOGICAL RESOURCES

The criteria for demonstration of an injury to biological resources are summarized
in Appendix A. State guidelines for chlorinated benzene compounds in edible portions of
aquatic organisms that are applicable to Onondaga Lake are only available for hexachloroben-
zene (Appendix Table D-5). The NYSDEC fish flesh criterion for hexachlorobenzene are 330
pg/kg and 200 ug/kg wet weight for noncarcinogenic and carcinogenic substances, respective-
ly. In addition, acute and chronic criteria for water and sediments were developed to insure the
survival of aquatic life and prevent the bioaccumulation of substances. Potential exceedences

of those standards are addressed in Sections 2.1.1 and 2.1.2 of this appendix.

Monochlorobenzene and dichlorobenzene was evaluated in the muscle tissue of
fishes in 1980 (Hindenlang et al. 1981 as cited in PTI 1991). Both monochlorobenzene and
dichlorobenzene were found in concentrations above the reported detection limits of 0.1 mg/kg
in several fish species. Other chlorinated benzene compounds including trichlorobenzene,
tetrachlorobenzene, pentachlorobenzene and hexachlorobenzene were analyzed but not
detected. The detection limit reported for hexachlorobenzene was in excess of the injury

criterion for fish flesh. Injury cannot be determined from these data.

Lipe et. al. (1983) reported that Allied had found contamination by organic
compounds including chlorinated benzenes in fish at levels of 0.1 t0 0.9 ppm. Individual

concentrations were not reported so injury determination is not possible from these data.

Hexachlorobenzene was detected by (NYSDEC unpublished data as cited in PTI
1991) in data collected from 1985-1989. The maximum concentration detected was 71 ug/kg
which is below the injury criterion for hexachlorobenzene in fish flesh. Injury cannot be

determined from these data.

Bioaccumulation of organic compounds in fish flesh was examined by Stearns &
Wheler (1993). Most isomers of the chlorinated benzene compounds were included in the list
of analytes. All results for chlorinated benzene compounds were below reported detection

limits.

~
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Chlorinated benzene compound concentrations in fish were measured as a part of
the Bioaccumulation Investigation Data Report (PTI 1993c) prepared as a part of the remedial
investigation for Onondaga Lake. 1,4-dichlorobenzene was detected in three of four fish species
tested while hexachlorobenzene was detected in one of four fish species tested. There is no
standard available for 1,4-dichlorobenzene. Reported concentrations of hexachlorobenzene
were below the injury criterion for fish flesh. Injury to biologic resources cannot be deter-

mined from these data.

NYSDEC (1994b) measured hexachlorobenzene concentrations in biota taken from
Geddes Brook, the West Flume and a ponded area in the vicinity of the West Flume. Species
collected included macroinvertebrates and small fish species typically consumed by larger fish
and wildlife. Results are not directly comparable to the injury criterion which applies to the
edible portions of fish. All concentrations observed were below this injury criterion. Injury
cannot be determined from these data directly but these concentrations may provide a link in
the pathway between releases of hexachlorobenzene from Allied and concentrations in edible

portions of fish.

Sediment toxicity was evaluated as a part of the Ecological Effects Investigation
(PTI 1993d) completed as a part of the remedial action for Onondaga Lake. Injury to biologi-
cal resources cannot be determined with these data used independently however, these data,
when coupled with sediment chemistry data collected as a part of the Sediment Chemistry
Study may yield correlations between presence of chiorinated benzene compounds and the
toxicity of sediments that could be used to demonstrate injury. Specific biologic responses
such as changes in reproduction, viability or growth, among others, related to the release of
hazardous materials must be demonstrable for chlorinated benzene compounds in order to
determine injury in the absence of specific standards. Pursuit of this line of inquiry may
require carefully controlled, site specific research studies to confirm that correlated information
represents a cause and effect. At present, injury with regard to releases of chlorinated benzene

compounds from Allied to biologic resources cannot be demonstrated with existing data.
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2.5 INJURIES TO GROUNDWATER RESQURCES

New York State has only one classification for groundwater resources, namely,
Class GA. Injury criteria for groundwater resources potentially injured by releases of
substances by Allied are therefore based the standards and guidance values associated with this
classification. Injury criteria for chlorinated benzene compounds in groundwater in the vicinity
of Onondaga Lake are presented in Section 6-3 and Appendix D. The criteria for demonstra-
tion of an injury to groundwater are summarized in Appendix A.

Many studies have investigated groundwater contamination by organic compounds
in the vicinity of the Allied facilities near Onondaga Lake. Contamination of groundwater by
chlorinated benzene compounds in the vicinity of the former Willis Avenue Plant and the Semet

Residue Ponds has been frequently reported.

A study conducted by Allied in 1980 and 1981 (cited in Lipe et. al. 1983) acknowl-
edged groundwater contamination by chlorinated benzene in the vicinity of the former Willis
Avenue plant and the Semet tar lagoon (residue ponds). This contamination was reported to be
seeping into Onondaga Lake. Groundwater Technology (1984 as cited in PTI 1991) estimated
that chlorinated benzene compounds were moving towards but not necessarily reaching the lake
in deep groundwater at a rate of 195 g/day. They further estimated that 146 kg/day of organic
compounds including chlorinated benzene compounds were moving towards the lake in the

shallow groundwater.

Two rounds of groundwater samples were collected from 22 monitoring wells at
eight locations and three depths as a part of the remedial investigation of the Semet Residue
Ponds (O'Brien and Gere 1991) and analyzed for volatile organic compounds including mono-
chlorobenzene. Monochlorobenzene was detected in excess of the injury criterion in 5 of 30
samples from monitoring wells near or downgradient of the residue ponds. Reported detection
limits for many of the other samples were above the injury criterion for monochlorobenzene.
Monochlorobenzene was not detected upgradient samples (14). One round of samples were
also analyzed for semivolatile compounds which included the three isomers of dichlorobenzene.
The injury criterion was exceeded for the combined total of 1,2-dichlorobenzene and 1,4-

dichlorobenzene (2 of 15 samples), and 1,3-dichlorobenzene (1 of 15 samples) near the ponds
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or downgradient. Dichlorobenzene isomers were not detected upgradient of the residue ponds
(7 samples). Reported detection limits for these analytes were.always in excess of injury
criteria. Injury to groundwater resources can be determined from these data only with respect

to monochlorobenzene.

Groundwater samples were also collected as a part of the remedial investigation of
the Willis Avenue Plant, Petroleum Storage Facility and associated hotspots (O'Brien and Gere
1993). Samples were collected at 20 monitoring wells from seven locations at the Willis
Avenue Plant on two occasions in 1992. Wells were screened in shallow, midlevel and deep
groundwater. Three shallow and one deep groundwater monitoring well were installed and
sampled at the petroleum storage area. In addition, seven wells were sampled at the Chloro-
benzenes Hot-spots Area. Monitoring data from the Willis Avenue Site showed monochloro-
benzene concentrations in excess of the injury criterion in 19 of 40 samples associated with the
Willis Avenue facility. Stated detection limits for benzene from the other samples were
frequently in excess of the injury criterion. The combined total of 1,2-dichlorobenzene and
1,4-dichlorobenzene (22 of 40 samples), 1,3-dichlorobenzene (10 of 40 samples), and 1,2,4-
trichlorobenzene (7 of 20 samples) were also found in excess of groundwater the injury
criterion. Many of the reported detection limits for these compounds were in excess of the
injury criterion. Hexachlorobenzene was also on the list of analytes (20 samples). It was not
detected but all reported detection limits were in excess of the injury criterion. Injury to
groundwater with respect to releases of monochlorobenzene, the combination of 1,2-dichloro-
benzene and 1,4-dichlorobenzene, 1,3-dichlorobenzene, and 1,2,4-trichlorobenzene in the

vicinity of the Willis Avenue Plant can be determined from these data.

The chlorinated benzene compounds were not found in excess of injury criteria in
groundwater samples collected in the vicinity of the Petroleutn Storage Facility (O'Brien and

Gere 1993) although reported detection limits were frequently in excess of injury criteria.

The monochlorobenzene injury criterion was exceeded in 2 of 12 groundwater
samples (both samples from the same well) collected in 1992 in the vicinity of the chloroben-
zene hotspots area in 1992 (O'Brien and Gere 1993). The combined total of 1,2-dichloro-
benzene and 1,4-dichlorobenzene (2 of 12 samples), 1,3-dichlorobenzene (1 of 12 samples),

and 1,2, 4-trichlorobenzene (1 of 6 samples) were also found in excess of groundwater injury
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criteria. All exceedences were noted in samples from the same well. Injury to groundwater
resources with respect to releases of chlorinated benzene compounds in the vicinity of the

chlorobenzene hotspots area cannot be determined from these data alone.

The 1992 O'Brien and Gere (1993) groundwater investigation also included two
rounds of sampling from one well cluster (SP-3) installed during the Semet residue pond
assessment (O'Brien and Gere 1991). The monochlorobenzene injury criterion was exceeded
in the shallow and midlevel groundwater during both sampling rounds. The combined total of
1,2-dichlorobenzene and 1,4—dichic;robenzene, and 1,3-dichlorobenzene (individual) was

exceeded in the shallow groundwater during both sampling rounds.

Groundwater chemistry was analyzed in the nearshore sediments of Onondaga Lake
offshore from the Semet Residue Ponds and the Wiilis Avenue Plant (PTI 1993a). A total of 17
stations were sampled with either piezometers or minipiezometers at a depth of 8-10 feet below
the sediment-water interface for chlorinated benzene compounds. Concentrations in excess of
injury criteria were found for monochlorobenzene (11 of 17 samples), the combined total of
1,2-dichlorobenzene and 1,4-dichlorobenzene (5 of 17 samples). 1,3-dichlorobenzene and
isomers of trichlorobenzene were on the analyte list but were not detected although reported
detection limits for these compounds were frequently well in excess of injury criteria. Injury to
groundwater resources can be determined with respect to releases of monochlorobenzene and

the combined total 1,2-dichlorobenzene and 1,4-dichlorobenzene based on these data.
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