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PREFACE

The workshop on "Regionalization of Aquatic Impacts Using the
Adirondack Region as a Case Study" was held August 20-22, 1985, at
Paul Smith's College in Paul Smiths, New York. The workshop was
sponsored by Task Group I (Assessments) of the National Acid
Precipitation Assessment Program through the Acid Deposition Assessment
Staff of the U. S. Environmental Protection Agency. The purpose of the
workshop was to examine alternative approaches for applying aquatic
data from specific sites and surveys to additional areas within a
region or to broader regions for analysis and assessment. Invited
participants included data analysts and modelers from government,
academia, and private industry with specialized expertise in the
analysis of aquatic impacts from acidic deposition. (Appendix A
provides a complete 1ist of the participants.)

The format of the meeting provided plenary sessions in which
invited speakers presented information on current research needs and
available data resources, and reviewed statistical and process models.
Attendees were then divided into small discussion groups and asked to
develop an approach for conducting regional assessments. One of the
sessions provided posters and demonstrations of results of relevant
data analyses and model developments in support of the working group
discussions.

This report is divided into five chapters. The first chapter
outlines the objectives of the workshop and summarizes the research

needs of the U. S. Environmental Protection Agency, the Electric Power
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Research Institute, the New York State Department of Environmental
Conservation, and the Empire State Electric Energy Research
Corporation. Chapter II contains a copy of the agenda and abstracts of
the formal presentations from the plenary sessions and the poster
session. Data resources are summarized in the third chapter. Chapter
IV presents the recommendations, approaches, and data and research
needs identified in the working group discussions. Chapter V outlines
the overall recommendations for approaches to regional assessments.
Three appendices provide further background information on the
attendees, information data bases, and cross-references to studies and
surveys conducted on lakes in the Adirondack Region. The list of
participants (Appendix A) provides a summary of each participant's
current research interests as well as an address and telephone number.
Appendix B contains descriptions of the various data bases offering
data resources pertinent to the Adirondack Region. These summaries
include contact person, reference citation(s), keywords, importance,
variables, sampling methods, geographic coverage, and period of
record. Appendix C provides a cross-reference list of lake identifiers
used in the Adirondack Lake Survey, the National Surface Water Survey,
the Direct/Delayed Response Program, the Integrated Lake-Watershed
Acidification Study, the Adirondack Watershed Data Base, the Fish
Information Network, the Paleoecological Reconstruction of Lake
Acidification Project, the Lake Acidification Mitigation Project, the
New York State Department of Environmental Conservation surveys, and
others. (For additional information on each of the above surveys or

data bases refer to Appendix B: Data Base Descriptions.)
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ABSTRACT

DAILEY, N. S., and R. J. OLSON (Editors). 1986.
Proceedings of the Workshop on Regionalization of
Aquatic Impacts Using the Adirondacks as a Case
Study. ORNL/TM-10044. 0Oak Ridge National
Laboratory, Oak Ridge, Tennessee. 174 pp.

Alternative approaches to applying aquatic data from specific sites
and surveys to additional areas within a region or to broader regions
(i.e., regionalization) for analysis and assessment were examined in a
workshop held August 20-22, 1985, in Paul Smiths, New York. Studies
conducted within the Adirondack Region of New York provided the
principal information base for evaluating regional extrapolation.
Primary data bases for the Adirondacks were reviewed and statistical
and process modeling approaches were discussed as methodologies for
regionalization. Small working groups of data analysts and modelers
developed approaches moving toward regional extrapolation of Adirondack
data sets, based on either estimating current impacts or predicting
future impacts. This report outlines suggested approaches,
recommendations for future research, and existing data needs. The
discussions emphasized (1) the lack of information on the extent and
mechanics of aquatic impacts in the Adirondack Region and across the
United States as a whole, {2) the need for increased information
exchange, and (3) the need to develop modeling approaches for
regionalization. Recommended approcaches included the development of a
classification system for surface waters and watersheds, based on

select criteria and the development of second generation models which

would incorporate select features from both simple and complex models.
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Abstracts of the formal presentations from the plenary sessions and the
poster session are included. Descriptions of the various data
resources (from government, academta, and industry) on the Adirondack
Region and a cross-reference list of lake identifiers used in current

and past surveys of the Adircndacks are also provided.

X3



CHAPTER I: WORKSHOP OBJECTIVE AND RESEARCH NEEDS

The objective of the workshop was to examine alternative
approaches for applying aguatic data from specific sites and surveys to
additional areas within a region or to broader regions for analysis and
assessment. Studies conducted within the Adirondack Region provided
the principal information base to examine regional extrapolation.
Primary data bases for the Adirondacks were reviewed and evaluated, and
statistical and modeling approaches were discussed to evaluate
methodologies for regional extrapolation.

Five specific goals were accomplished: an inventory of existing
data resources was compiled; a cross-reference 1ist of independent
studies of Adirondack Takes was compiled; current analyses/models were
reviewed; synopses of future data needs were discussed; and a consensus

of the number of acidic lakes in the Adirondack Region was developed.

RESEARCH NEEDS

Research on the aquatic effects of acidic deposition within the
Adirondack Region is primarily being sponsored by either the U.S.
Environmental Protection Agency (EPA) or the U.S. Department of Energy
(DOE) via the National Acid Precipitation Assessment Program (NAPAP),
the New York State Department of Environmental Conservation (NYSDEC),
the Electric Power Research Institute (EPRI), or the Empire State
Electric Energy Research Corporation (ESEERCO}. In the opening
session, representatives from each of the above agencies described

aquatic and watershed research programs related to the workshop and
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summarized the future research needs for these programs. [Abstracts of
these presentations are included in Chapter II; see J. L. Malanchuk
(EPA), J. R. Colquhoun (NYSDEC), D. B. Porcella (EPRI), and

J. G. Holsapplie (ESEERCO)]. Although the defined purpose of each
research program differs, the ultimate goal of the research, that of
increasing knowledge of the effects of acidic deposition on aguatic
resources, is the same. Thus, the basic research need common to all of
the agencies is to compile and evaluate relevant data that will
contribute to this understanding.

For the EPA, research needs are directed toward conducting future
assessments, such as those planned for 1987 and 1989 under NAPAP. The
lack of a complete information base on the extent and mechanics of
aquatic impacts across the United States prompted the agency to examine
approaches for future regional extrapolations that could play an
important role in these assessments. As a result, the specific
research needs include the development of reliable methodologies and
the data resources to support these methodologies for future
assessments.

The NYSDEC aquatic research program has been conducting both basic
research and regional surveys related to understanding and defining the
extent of acidic deposition impacts on aguatic resources in the state
since the mid-1970s. The research covers all relevant bodies of water
including small, high-elevation lakes and headwater streams, which at
the present time have been omitted from the EPA/NAPAP-sponsored
surveys. Because the state of New York is currently committed to

controlling emissions of acidic deposition precursors, the NYSDEC
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program will continue its long-term chemical and biological monitoring
studies to document any changes that occur after these emissions are
reduced. The NYSDEC feels that the federal and other state governments
need to design and implement similar programs quickly to complement the
NYSDEC program.

EPRI conducts appiied research and develcopment for the electric
utility industry. EPRI's Ecologica® Studies Program sponsors research
to develop an integrated view of ecological problems, such as acidic
deposition, and to develop equitable solutions for utiiities. From
EPRI's viewpoint, important research needs are to determine the
relative contributions of various pollutants to environmental damages,
identify the ecologically damaging agents, understand environmental
processes involved in acidification and increase this understanding by
developing models to simulate these processes, and evaluate the
efficacy and economics of possible mitigation measures and control
technologies. Efforts include both basic and applied research to
increase scientific understanding and contribute to future decision
making.

ESEERCO is committed to multiple interests such as environmental
protection, prudent use of electric rate paver's dollars, and the
maintenance of a healthy industry/public relationship. As a result,
ESEERCO has sponsored research on environmental acidification and has
also contributed to hardware and operaticnal studies to reduce fossi?
fuel emissions. However, recent legislative activities suggesting the
possibility of additional emission reductions have expedited ESEERCO!'s

need for studies that will help policymakers reach informed decisions
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concerning the need for and the nature of further reductions. These
studies must address such complex issues as determining the relative
contribution of acidifying agents (both anthropogenic and natural in
origin) and assessing the impact of acidification on the environment.
The primary objective of ESEERCO's research program is to clarify the

role of utilities with respect to environmental acidification.
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CHAPTER II: PROGRAM AND ABSTRACTS

-~ AGENDA --

WORKSHOP ON REGIONALIZATION OF AQUATIC IMPACTS
USING THE ADIRONDACK REGION AS A CASE STUDY

Paul Smith's College
Paul Smiths, New York

Tuesday, Augqust 20, 1985

8:00 a.m.

8:30 a.m.

9:00 a.m.

10:00 a.m.

10:15 a.m.

Registration, John Freer Science Hall
Opening Remarks

e Workshop Objectives and Organization - R. J. Olson
e Welcome and Adirondack Park Agency Perspectives -
H. F. Cole, Jr.

SESSION I: Assessment Needs - J. L. Malanchuk, Chairman

OBJECTIVE: To describe aquatic and watershed programs
related to the workshop topic and to define assessment
needs, thereby cutlining the goals of the workshop.

e The Adirondack Regional Case Study: A Component of
the 1985 Assessment of Aquatic Effects due to
Acidic Deposition for the National Acid
Precipitation Assessment Program - J. L. Malanchuk

e Empire State Electric Energy Research Corporation -
J. G. Holsapple

¢ Acidic Deposition-Aquatic Effects Assessment
Needs: New York's Position - J. R. Colguhoun

¢ Ongoing Research by the Ecological Studies Program
at the Electric Power Research Instifute -

D. B. Porcella

COFFEE BREAK

SESSION II: Data Resources - R. J. 0lson, Chairman
OBJECTIVE: To describe the available historical data
resources including survey designs, parameters
measured, sampling/measurement problems, etc.

A. Regional Surveys

e Adirondack Lakes Survey Corporation -
W. A. Kratser
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12:00 p.m. LUNCH

1:30 p.m. B.

National Surface Water Survey - D. H. Landers
Direct/0Delayed Response Project - K. W. Thornton
A Discussion of Chemical Characteristics of
Adirondack Lakes from the Regional Integrated
Lake-Watershed Acidification Study -

C. T. Driscoll

Watershed Attributes

]

2

%

State University of New York (SUNY/Piattsburgh)
Watershed Research - 6. K. Gruendling

Mew York State Adirondack Park Agency
Geographic Information System - R. P. Curran
The Adirondack Watershed Data Base: A Resource
for Regional Studies - R. J. Olson, A. E. Rosen,
C. 7. Hunsaker, R. S. Turner, C. C. Brandt,

R. C. Durfee, P. R. Coleman, D. L. Wilson, and
F. E. Latham

Soil Conservation Service Soil Survey -

K. A. Whealer

Atmospheric Deposition in the Northeast -

G. J. Stensland

2:45 p.m. COFFEE BREAK

C.

6:00 p.m. EVENING

5:45 — 7:00 p.m.

Lake Data

@

The Acidification Chemistry Information
Database - €. G. Hoogendyk, N. F. Gmur, and

G. R. Hendrey

Assessment of Fish Population Status in
Adirondack Lakes Based on the FIN (Fish
Information Network) Data Base - J. P. Baker
and T. B. Harvey

Mew York State Department of Environmantal
Conservation (NYSDEC) Fisheries - M. H. Pfieffer
NYSDEC/Environmental Protection-Acidic
Deposition Research - H. A. Simonin
Paleoecological Reconstruction of Recent lLake
Acidification: Preliminary Results from the
PIRLA Project - S. A. Norton, D. R. Whitehead,
and D. F. Charles

SOCIAL

PICNIC
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Wednesday, Auqust 21, 1985

8:00 a.m.

9:30 a.m.

9:45 a.m.

11:45 a.m.

12:00 p.m.
1:15 p.m.
2:30 p.m.

2:45 p.m.

SESSION III: Statistical and Process Models -
W. Van Winkle, Chairman

OBJECTIVE: To describe current statistical and

process modeling approaches to regionalizing water
chemistry and fisheries data, including a discussion of
the strengths and weaknesses of each approach.

A. Overviews

o Introduction - W. Van Winkle

e The Role of Statistical Models in Regional
Assessments of Acidic Deposition - S. W. Christensen

® The Use of Process Models in Regional Extrapolation
~ K. W, Thornton

COFFEE BREAK

B. Panel Discussion: Ten-minute presentation by each
panel member, followed by discussion among panel
members and participation by other attendees

o J. P. Baker, B. J. Cosby, C. T. Hunsaker,
C. G. Hoogendyk, and J. L. Schnoor

SESSION IV: Regional Assessments (Discussion Groups) -
J. P. Baker, Chairman

OBJECTIVES: (1) Vo evaluate the advantages and
disadvantages of alternative statistical and process
modeling approaches for estimating changes in water
chemistry and fishery resources. (2) To reach a
consensus, if possible, on our best estimate of current
and future impacts on surface water chemistry and
fishery resources.

e Definition of discussion group goals and assignment
of individuals to subgroups (10-15 per subgroup)

LUNCH (subgroups remain together)
®  Subgroups meet
COFFEE BREAK

SESSION V: Posters and Demonstrations - N. S. Dailey,
Chairman

OBJECTIVE: To present data analysis and model
development results through the use of posters and
personal computer demonstrations. The posters and
demonstrations will provide relevant resources for the
discussion group analyses.
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SESSION V: Posters and Demonstrations (continued)
s Adirondack Lakes Survey - J. Nicollette and C. Bell

¢ Adirondack Regional Case Study: Relationships
Between Watershed Attributes and Water Chemistry -

C. 7. Hunsaker, R. J. Olson, S. W. Chiristensen,
R. S. Turner, A. E. Rosen, J. J. Beauchamp,

R. C. Durfee, P. R. Coleman, D. L. Wilson, and
F. E. Latham

# Adirondack Soil Survey Activities: Soil
Conservation Service - K. A. Wheeler

&  AQUAFFECTS: A Menu-Driven Micro-Compuler Program
t0o Assess Regional Impacts of Acidic Deposition on
Surface Waters - C. G. Hoogendyk and E. Kaplan

# Data Base Development for the National Stream
Survey - M. J. Sale, J. M. Coe, and J. Messer

# Data Collection for Testing Alternative Hypotheses
Concerning Increased Acidification and Fish
Population Declines in Adirondack Lakes -

G. K. Gruendling, D. J. Bogucki, K. B. Adams, and
E. B. Allen

® Geographical Information Systems: A Tool to Acidic
Deposition Studies - R. €. Durfee, P. R. Coleman,
and D. L. Wilson

& Model of Acidification of Groundwater Catchments -
B. J. Cosby, R. F. Wright, G. Hornberger, and
E. B. Rastetter

# The National Surface Water Survey Eastern Lake
Survey: Data Management and Analysis -
P. Kanciruk, T. A. Gregory, L. A. Hook, and
R. M. ¥McCord

& Seasonal Variation in the Chemistry of Precipitation
in the United States - 6. J. Stensland and
V. C. Bowersox
6:00 p.m. DIMNER

7:15 p.m. Optional Tour of APA Headquarters
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Thursday, Augqust 22, 1985

8:30 a.m.

9:30 a.m.
g:45 a.m.

10:30 a.m.

12:00 p.m.
1:00 p.m.

SESSION 1V: Regional Assessments (continued)

# Subgroups relonvene

SESSION V: Posters and Demonstrations (continued)

COFFEE BREAK

SESSION IV: Regional Assessments (continued)

¢ Group leaders will present the consensus of their
group's discussions and will participate in a panel
discussion of the results

LUNCH

SESSION VI: Mode2l Verification (Optional Tours) -
G. K. Gruendling, Chairman

OBJECTIVE: Acidic deposition impacted sites will be
visited for comparison with model predictions.

® Tour A - Canoe tour of the St. Regis Wilderness
Canoe Area n2ar Paul Smith's College

e Tour B - Driving/hiking tour of Whiteface Mountain
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ABSTRACTS

Sessions I ~ IV
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ASSESSMENT OF FISH POPULATION STATUS IN ADIRONDACK LAKES,
BASED ON THE FIN (FISH INFDRMATION NETWORK) DATA BASE

Joan P. Baker
Kitkelly Environmental Associates, Inc.
Raleigh, North Carolina

and

Todd B. Harvey
Adirondack Lakes Survey Corporation
Ray Brook, New York

A major goal of the National Acid Precipitation Assessment Program
(NAPAP) 1is to quantify current and potential impacts of acidic
deposition on fish resources. Such an assessment requires not only a
thorough understanding of the effects of acidification on fish, but
also a regional data base on the distribution and status of fish
populations in surface waters sensitive to, or already impacted by,
acidic deposition. As the first phase of this process, a formal
framework for organization of a national data base on fish in
acid-sensitive waters (FIN, Fish Information Network) has been
established. A1l relevant data on fish populations in Adirondack lakes
have been incorporated into FIN, and efforts to compile data for other
regions of the northeastern United States have been initiated.

Based on the FIN data base, we addressed a series of key policy
questions regarding the acidity status of Adirondack lakes and
potential effects of acidification on fish. Our answers, however, must
be qualified due to uncertainties associated with the existing data.
Six hundred and ninety-three (693) lakes have laboratory electrometric,
air-equilibrated pH measurements within the last 10 years (1974-1983),
excluding 1979 data. Of these, 171 (24.7%) had mean summer surface pH
values below 5.0. By adjusting the sample for potential biases related
to lake area and/or elevation, an estimated 20 to 28% of the 2759 lakes
in the Adirondack Ecological Zone are acidic (pH < 5.0). <Changes in
pH over time (based on linear regression analyses) for the region as a
whole have not been significant (P > 0.05). High-elevation (>610 m)
lakes and lakes with current pH < 5.0 have, however, as a group
experienced a significant (P < 0.05) decrease in pH over time.

Changes in fish communities over time, and explanations for observed
changes {(including shifts in stocking policy, other fisheries
management, and habitat alteration), were evaluated without reference
to lake identity or water chemistry data. Ratings of fish community
status were significantly (P < 0.05) correlated with lake pH. This
correlation, while not proving cause and effect, adds credence to the
argument that fishery declines have occurred in the Adirondacks as a
result of acidification. For lakes with adequate data for evaluation
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of fish community status, the number of fish communities adversely
affected (loss of one or more populations) by acidification ranges from
50 to 200-250, depending on the definition of "adequate evidence" for
detection of effects. For Adirondack lakes in general, 400 to 500
(14-18%) may have been adversely affected. These are, however, fairly
rough estimates, and associated levels of uncertainly cannot be
quantified.

THE ROLE OF STATISTICAL MODELS 1IN
REGIONAL ASSESSMENTS OF ACIDIC DEPOSITICN!

Sigurd W. Christensen
Environmental Sciences Division
0ak Ridge National Laboratory
Oak Ridge, Tennessee

Assessing the effects of acidic deposition on a regional scale involves
addressing a series of key questions: What has happened to water
chemistry in lakes? What is the current chemical status of lakes?

What will happen under different scenarios? Statistical models and
process models represent two related, yet different, approaches to
answering these guestions.

Statistical techniques that have been used or are being developed to
address these key questions include time-series analysis, cluster
analysis, muitiple linear regression, discriminant analysis, and
logistic regression. Some disadvantages of these methods include
difficulty in discerning cause-and-effect relatijonships, limited
regional applicability, lower accuracy than process models, and Timited
usefulness in predicting future conditions. Compared with process
models, however, they can more easily use available data, which often
are less comprehensive than desired; and they can be appliied even in
situations where understanding seems not yet adequate to support
substantive process modeling (e.g., fish presence/absence).
Statistical models and process models can and should be mutually
supportive in regional assessments.

TResearch funded as part of the National Acid Precipitation Assessment
Program by the U.S. Environmental Protection Agency under Interagency
Agreement Number DW89930858-01-2 (DOE 40-1488-84), and by the Office of
Environmental Analysis, U.S. Department of Energy, under Contract No.
DE-ACO5-840R21400 with Martin Marietta Energy Systems, Inc.
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ACIDIC DEPOSITION-AQUATIC EFFECTS ASSESSMENT NEEDS:
NEW YORK'S POSITION

James R. Colquhoun
Fisheries Division

New York State Department of Environmental Conservation
Albany, New York

The New York State Department of Environmental Conservation (NYSDEC) is
conducting both basic research and regional surveys related to
understanding and defining the extent of acidic deposition impacts on
aquatic resources. After investigators at Cornell University reported
finding a number of acidified Takes in the Adirondacks in the
mid-1970s, the NYSDEC initiated a synoptic chemical survey program
covering over 1000 bodies of water from 1975 to 1983. Currently, the
NYSDEL is participating with the ESZERCO to conduct the Adirondack Lake
Survey {see the description by Holsapple in this report). These
surveys indicate the existence of a large number of low pH Takes in the
Adirondacks, and acidic deposition is suspected as contributing to the
acidification process. While there are valid ‘questions about basic
acidification mechanisms, rates, and reactions, evidence is
overwhelming that no improvement will occur without reductions in
acidic deposition, Because the state of New York is committed to

- controlling acidic deposition, the orientation of the NYSDEC aquatic
effects assessment program has a different orientation than the federal
program which calls for additional research in the form of "assessment
needs."

We consider the National Surface Wafer Survey, a federal program that
currently utilizes a large share of the aguatic effects budget, as a
good example of an identified "assessment need® with very little

value. Using existing water chemistry information and sensitivity
surveys, it can be readily determined that this survey will indicate
that a very small percentage of the freshwaters in the United States
are acidic. In addition, no small lakes (less than 4 ha) were chosen
for survey even though many references clearly state that small
high-elevation lakes are particularly vulnerable. No headwater streams
were planned for survey in the northeastern United States even though
many reports indicate that headwater streams in sensitive areas are
chronically acidic or experience acidic episodes following major
precipitation or snowmelt events. Thus, this federal program is
designed to verify an obvious conclusion and will not even do that very
well.

We consider that the only truye "critical assessment need" is to
implement a long-term chemical and biological monitoring program that
will document changes in water chemistry and aquatic biota resulting
from acidic deposition reductions. There is need to design, review,
and implement this project immediately because some states and
provinces such as New York, New Hampshire, and Quebec are acting to
further reduce their emissions of S0, and NOy, and other states and
provinces may soon impose similar reductions.
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THE USE OF MECHANISTIC MODELS IN EXAMINING THE
LONG-TERM DYNAMICS OF WATERSHED RESPONSE TO ACIDIC DEPOSITION

B. Jack Cosby
Department of Environmental Sciences
University of Virginia
Charlottesville, Virginia

Although the "sensitivity" of regions to potential damage by acidic
deposition can be defined on a relative scale, quantitative predictions
of the time scales of water quality changzs under different rates of
atmospheric deposition have not been made. Recent research focused
attention on certain chemical processes in the soils of catchments as
1ikely keys to the responses of surface water quality to acidic
deposition. These processes include:

anion ratention by catchment soils (e.g., sulfate adsorption);
weathering of minerals in catchment soils as a source of base cations
(CaZt, Mg2*, Nat, K*) and aluminum (A13%);

e adsorption and exchange of base cations and aluminum by catchment
soils;
® alkalinity generation by dissociation of carbonic acid with

subsequent exchange of hydrogen ions for base cations.

A critical unanswered guestion, however, is how quickly and to what
extent do these processes control surface water gquality responses to
changes in rates of atmospheric deposition of sulfuric acid.

The water quality changes we are interested in understanding (and
ultimately predicting) occur over several years in natural systems.
Direct observation of the dynamics of these changes will, in most
cases, require the acquisition of lengthy and costly time series of
water quality measurements. In the meantime, we face the problem of
integrating and understanding the implications (for whole catchment
responses) of results from many individual process—level studies. We
would 1ike to use existing information to estimaie the patterns, time
scales, and magnitudes of long-term changas in surface water guality in
response to actual or assumed changes in the levels of atmospheric
sulfur deposition. Physically based, process-oriented models (either
conceptual or guantitative) can be used for this purpose. The effects
that processes represented in a model might have on the time scales and
magnitudes of surface water acidification can be examined in a series
of modeling exercises.

A speculative simulation exercise using an on-off square wave of
deposition is presented as an example. For parameter values and
deposition levels typical of a small forested catchment in the Blue
Ridge Mountains of Virginia, the water quality responses are notably
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c¢. Acidification occurs approximately 60 years after onset of

deposition. 1Initial acidification responses are slow, but quicken as
deposition persists. Full recovery of the system following cessation

of deposi

tion takes more than twice as long as the original

acidification. Initial recovery responses are rapid but they slow down
as recovery proceeds.

NEW YORK STATE ADIRONDACK PARK AGENCY
GEOGRAPHIC INFORMATION SYSTEM

Ray P. Curran
Adirondack Park Agency
Ray Brook, New York

The Geographic Information System (GIS) is a filing and data analysis
system that organizes town planning maps, U4.S. Geologic Survey (USGS)
7-1/2 minute base maps, aerial photography, and special analyses such

as soils
system.

Agency's
planning
services.

The

QOperating

inventories in a combined electronic and paper map filing

It responds to a need for better technical services in the
programs - - local planning, regulatory review, and regional
- - at a time when less money is available to provide these

GIS is used to:

Store and organize file maps, agency operations information,
and economic, demographic, and natural resource reference
information about the Adirondack Park;

Generate new information by combining reference sources for
comparisons with other new information becoming available to
the Agency, such as 1980 census data and the new Park
wetlands survey;

Support manual filing systems based on New York State (NYS)
DBepartment of Transportation {DOT) and USGS standard 7-1/2
minute {(1"=2000") gquadrangyle maps. {(Two-hundred gquadrangles
complete the map of the entire Park. VYet, the USGS maps also
provide detail on smaller individual land ownership.)

Support parkwide economic and environmental trend analysis by
providing rapid comparisons of new and historic information.
Wetlands and forest-cover inventories are currently under way.

Characteristics:

Software includes custom-designed map and image-processing
programs, as well as an off-the-shelf data base manager, all
operating in a CP/M operating system environment.
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Equipment

Mapped information is stored in one-acre square grid units,
with up to 15 characteristics recorded for any one map. Up
to 12 parkwide maps may be stored and analyzed in the
electronic GIS at any one time. Additional map data may be
stored on magnetic tape.

Most information mapped on paper must be entered by hand
through the system's "digitizer" or electronic tablet. This
requires tracing the map characteristics which are
electronicaily converted to the one-acre square grid units.

Written and mathematical data are stored as in other
computers. A written description of a location exceeding 15
characteristics may be linked to a map site in an "attribute
file," which is stored and analyzed separately from mapped
information. Project, economic, or demographic information
is similarly stored.

The 4500 aerial photographs (scale 7 in. = 2000 ft) that
cover the Park for 19568 and 1978, respectively, are enhanced
by digital land-cover information from Landsat for 1973 and
1978 only. The system uses data from the Landsat satellites
maintained for public use by NASA. This information provides
an electronic false color infrared picture measuring infrared
rather than the normal visual color spectrum.

Characteristics:

®

Micro-computer base

Large electronic memory on fixed and removable discs (96
megabyte)}

Color graphics on video monitor; black and white graphics and
typewriting on dot matrix printer

48% digitizer capahle of digitizing from NYS DOT 1:250,000,
USGS Quad, park facsimile, and other scaled maps with
appropriate cartographic control

9-track 1600 BPI Tape Drive for communication with other data
sources and for entering data into the computer

System Data:

Digital maps: (1) Adirondack Park land use and development plan map

and state

land classification map; (2) quadrangle, town and county

boundaries; (3) 1978 vegetation/land-cover characteristics; (4) unique

historic,

natural, geologic and hydropower sites; (5) 1973-1978

forest-cover change; (6) state, town and county roads; (7) meso-level
soil survey.
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Attribute information: (1) population, housing and employment for
municipalities (1970 and 1980); (2) soil association interpretive
information; (3) agency application actions; (4) special interest areas
(historic, natural, hydropower).

Funding:

This system was funded in part by a grant from the Land and Water
Conservation Fund, National Park Service, U.S5. Department of the
Interior.

A DISCUSSION OF CHEMICAL CHARACTERISTICS OF ADIRONDACK
LAKES FROM THE REGIOMAL INTEGRATED LAKE-WATERSHED
ACIDIFICATION STUDY

Charles T. Driscoll
Department of Civil Engineering
Syracuse University
Syracuse, New York

The Regional Integrated lLake-Watershed Acidification Study (RILWAS) was
a 3-year study (1982-1985) funded by the Electric Power Research
Institute and the tmpire State Electric Energy Research Corporation.
The primary objective of RILWAS was to evaluate the processes
regulating the water chemistry in 23 surface water sifes located
throughout the Adirondack Region of New York. Sites were selected to
encompass a wide range of charactertstics, including geographic
location within the Adirondacks, bedrock geclogy, surficial geology,
vegetation, and drainage pattern (e.g., drainage and seepage). Study
sites were monitored for a wide range of watershed/surface water
characteristics, including wet deposition, vegetation, surficial
geology, soil chemistry, instantaneous discharge, water chemistry, and
fish popuiations.

It was evident that there were profound surface-water-to-surface-water
variations in sensitivity to acidification and acidification
processes. Although there are differences in the atmospheric loading
of SOE“ to the Adirondack Region {the southern and western

Adirondacks receive the highest loading which decreases in a
northeastern direction), these intraregicnal variations would appear to
he minor as evidenced by the rather uniform SO0§~ concentrations
observed in drainage waters. Differences in Adirondack Take
sensitivity and water chemistry are largely due to variatiens in water
fiow paths and contact of this water with the surrounding surficial
geology. For example, the presence of thick organic {peat) deposits
can have profound effects onh water chemistry. Water contacting these
materials is enriched in organic acids that contribute to the acidity
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and bind potentially toxic forms of aluminum. These brownwater lakes
are probably naturally acidic, although inputs of SOZ' have
undoubtedly enhanced this acidity.

There is a distinct range in sensitivity of clearwater lakes to inputs
of acidic deposition. This sensitivity is a function of flow paths of
water through the catchment and/or the presence of weatherable minerals
(e.g., calcite). Seepage lakes isolated from the local water table are
extremely sensitive to strong acid inputs because of minimal contact of
water with the mineral soil and therefore minimal neutralization of
acidity from the release of basic cations.

Waters that drain shallow acidic soils also are sensitive to mineral
acid inputs. In this soil environment, pools of exchangeable or easily
weatherable basic cations are small and the retention time of water in
the mineral soil is short. Therefore, neutralization of H' inputs is
incomplete, resulting in the dissolution of AIN* and the export of

H* and A1NY to surface waters.

If there is adeguate contact of drainage waters with deeper mineral
s0il (e.g., thick till) or an abundance of easily weatherable minerals
(e.g., carbonate), basic cations will be released to compensate minera:
acid inputs in addition to neutralizing CO; acidity in the soil.

These processes result in the complete neutralization of mineral acids
and the preduction of HCO3 in solution.

The sensitivity of surface water to acidification largely depends on
the extent to which basic cations are released relative to inputs and
retention of acidic anions. 1In the Adirondack Region, as the ratio of
sulfate and nitrate equivalence in solution approaches and exceeds the
equivalence of basic cations, neutralizaticn of mineral acid inputs is
incomplete and there is significant export of potentially deleterious
acidic cations (H*, A1) to surface water. Although organic acids
significantly contribute to the acidity (and Tow ph values) of
brownwater lakes, inputs of H;S04, and to a lesser extent HNOg,

are the predominant mechanisms responsible for the acidification of
clearwater Adirondack lakes.

STATE UNIVERSITY OF NEW YORK (SUNY/PLATTSBURGH)
WATERSHED RESEARCH

Gerhard K. Gruendling
Center for Earth and Environmental Science
State University of New York
Plattsburgh, New York

Abstract not availabie.
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EMPIRE STATE ELECTRIC EMNERGY RESEARCH CORPORATION

John G. Holsapple
Empire State Electric Energy Research Corporation
Schenectacdy, New York

New York State, and more specifically the Adirondack Park, has been one
of the focal points for evaluating the cause-and-effect relationship of
ecosystem acidification. A preponderance of low ionic strength waters,
its geographical "downwind® location to major industrial SOy and

NOy emitters, and its vast stretches of mature forests and

surrounding bogs, long considered as one of the most naturally acidic
systems in America, have made the Adirondack area an obvious candidate
for scientific studies. Such complex issues as determining the
relative contribution of acidifying agents, both natural and
anthropogenic in origin, and the impact of acidification on Adirondack
fisheries are of keen interest to New York State residents.

In an attempt to satisfy such varied New York electric utilities'
interests as environmental protection, prudent use of electiric
ratepavers' dollars, and the maintenance of a healthy industry/public
relationship, the eight-member electric generating systems of the
Empire State Electric Energy Research Corporation {ESEERCO) have
committed in excess of %8 million dollars over the last several years
to studies advancing the scientific communities understanding of
ecosystem acidification. In additicn, substantial monetary and
technical advisory contributions to hardware and operational studies
aimed at reducing fossil fuel staticn emissions have been made by the
New York utilities in cooperation with such organizations as the

U.S. Environmental Protection Agency, the U.S. Department of Energy,
the New York State Energy Research and Development Administration, and
the Electric Power Research Institute.

A recently promulgated New York State Acid Rain Control Law, and
potential federal legislation suggesting the possibility of additional
substantial emission reductions beyond the approximate 58% already
achieved by the New York utilities between 1968 and 1980, provide a
clear incentive for expediting studies that will help policymakers
reach an informed decision on the n2ed for and nature of further New
York State electric utility S0y and NO, emission reductions.

Of particular relevance to this workshop are three studies currently
begin supported by ESEERCO: ESEERCO projects 85-7, HNDJ Surface

Water Acidification Study; BZ2-4, Regional Integrated Lake-Watershed
Acidification Study (RILWAS); and 82-23, Adirondack Lakes Study. These
studies when added to other research efforis being undertaken, will
assist scientists, policymakers, and utilities in fulfilling their
common assassment need; i.e., the identification of the New York
utilities' role in dealing with aguatic ecosystem acidification.
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THE ACIDIFICATION CHEMISTRY INFORMATION DATABASE

Christopher G. Hoogendyk, Nicholas F. Gmur,
and George R. Hendrey
Terrestrial and Aquatic Ecology Division
Brookhaven National Laboratory
Upten, New York

The Acidification Chemistry Information Database (ACID) is a database
of national proportions, with information on ~48,000 stations and
~900,000 station-date observations. It contains mainly morphometric
and chemical data and has been used for a preliminary analysis of
temporal patterns in water chemistry on a national scale. To improve
the ease and efficiency of use for the FY 1985 assessment, separate
regional databases were extracted for the Adirondacks, the Blue Ridge
Province, and the upper Midwest. The regions were defined as polygons
based on the lowest alkalinity categories of Omernik's Total Alkalinity
Map of the United States. Inventories were made of the data available
in these regional polygons, and then further datasets of particular
interest were added and extensive guality assurance checks were made on
all three regional polygons. The Adirondack database contains
Schofield's 1975 survey, Don Charles' 1978-1979 survey, the NYSDEC's
1979 survey, the New York Conservation Departmeni's surveys from the
1930s, and nearly all of the individual datasets listed by the National
Research Council trends committee as having high quality data, in
addition to other data. There are about 100 sites with data from
STORET and about 1800 sites with data from other sources. Of these,
the vast majority are lakes. The ACID regional database for the
Adirondacks is probably the most extensive collection of historical
data on water chemistry in the Adirondacks. Due to hoth automated
checking and hand scanning of computer-generated cross-1istings, the
data it contains are often in better shape than the original source.
(A11 changes and corrections were checked with the original sources
before being implemented)}.

ADIRONDACK LAKES SURVEY CORPORATION

Walter A. Kretser
New York State Department of Environmental Conservation
Ray Brook, New York

The Adirondack Lakes Survey Corporation (ALSC), a not-for-profit
organization established by the New York State Department of
Environmental Conservation (NYSDEC) and the Empire State Electric
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Energy Research Corporation (ESEERCO), initiated intensive survey
efforts in 1984 to gather biclogical, chemical, and physical data on
approximately 1200 Adirondack bodies of water within a 3-year period.

The goal of this study is to compiete fish and chemistry surveys of
lakes and ponds within the Adirondack Ecological Zone in a manner that
will provide an accurate, up-to-date comprehensive data base that can
be utilized for fisheries management purposes and provide a basis from
which environmental impacts and associated trends can be measured. To
achieve this goal at least 400 bodies of water are surveyed annually.

Field investigations are scheduled as three separate operations. Phase
I field operations, lasting approximately 6 to 8 weeks, involve
intensive fisheries netting efforts using helicopters to move teams of
biologists to remote areas. Biological data, including fish
biocharacteristics, bathymetric data, and surface water chemistry data
are collected during this period.

Phase 11 field operations, conducted during July and August, focus on
visiting each of the 400+ candidate bodies of water scheduled in a
given year to gather detaiied water column chemistry information
including temperature profiles and oxygen measurements. FEach sample
collected is analyzed for 21 different parameters in an on-site
laboratory designed and equipped specifically to meet project needs.
Phase 111 field operations involve conducting intensive fisheries
netting efforts in the fall of each year on lakes and ponds that were
not previously scheduled during spring helicopter operations.

General information such as location, elevation, size, ownership,
status, access, and land classifications are determined for each body
of water surveyed. Watershed size, lake volume, flushing rate,
shoreline Jength, and littoral zone area are calculated. Bathymetric
maps are prepared for each body of water. Maps are digitized, plotted,
and stored on floppy disks in x-y coordinate data files.

A1l field and office data generated are verified, validated, and keved,
utilizing on-site microcomputers an¢ a remote mainframe computer to
support the data management software (SIR, Scientific Information
Retrieval, Inc.).

Strict quality control/quality assurance and standard operating
procedures were designed to ensure the overall integrity of the
program. Reports summarizing results of survey efforts are distributed
annually.
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NATIONAL SURFACE WATER SURVEY

Dixon H. Landers
Environmental Research Laboratory - Corvallis
U.S. Environmental Protection Agency
Corvallis, Oregon

Abstract not availahle.

THE ADIRONDACK REGIONAL CASE STUDY: A COMPONENT OF THE 1985
ASSESSMENT OF AQUATIC EFFECTS DUE TO ACIDIC DEPOSITION FOR THE
NATIONAL ACID PRECIPITATION ASSESSMENT PROGRAM

John L. Malanchuk
Acid Deposition Planning Staff
U.S. Environmental Protection Agency
Washington, D.C.

A complete national scale assessment of the effects of acidic deposition
on aquatic resources is currently unavailable for the United States. A
more limited assessment was performed in three potentially sensitive
gecgraphical regions: the Adirondack Mountains of New York; the
Southern Blue Ridge Province of North Carolina, Tennessee, and Georgia;
and the upper midwest of Minnesota, Wisconsin, and Michigan. The
Adirondack Regional Case Study is by far the most complete. A series
of 10 questions organized the assessment, and historical and current
data from each region were employed to address the gquestions. Where
possible independent data sets were used singly and in combination
within a given case study area to respond to the questions. Responses
to a specific question, arrived at independently, were compared within
a region to provide an estimate of confidence. Conclusions among
regions also were compared. In general, the impact of acidic
deposition on aquatic resources is difficult to detect but positive
correlations between atmospheric deposition and effects do exist.

Thus, there is evidence to suggest that acidic deposition is at least
partially responsible for the acidification of aguatic resources. The
extent of acidification, however, varies from region to region. The
Adirondacks appears to represent the region of greatest impact, but
independent studies indicate that the area of acidified lakes is a
small percentage of the total resource.
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PALEOECOLOGICAL RECONSTRUCTION OF RECENT LAKE ACIDIFICATION:
PRELIMINARY RESULTS FROM THE PIRLA PROJECT

Stephen A. Norton
Department of Geological Sciences
University of Maine
Oronco, Maine

Donald R. Whitehead and Donald F. Charles
Indiana University
Bloomington, Indiana

The PIRLA project (Paleoecological Reconstruction of Recent Lake
Acidification) is a multidiscipliinary study involving more than
twenty-five investigators at seven institutions. It is focused on
lakes situated in four acid-sensitive areas of North America that
currently receive acidic deposition. The areas include Mew England, the
Adirondacks, the Northern Great Lakes States, and northern Florida.
The questions addressed are: (1) Have lakes in these regions
experienced acidification-related changes? (2) What is the magnitude,
character, and timing of the changes? (3) What factors were
responsibie for the changes? PIRLA investigators are analyzing
diatoms, chrysophytes, pollen, charcoal, polycyclic aromatic
hydrocarbons, total carbon, hydrogen, nitrogen and sulfur, carbon and
sulfur isotopes, and trace metals and metal speciation from sediment
cores. Dating is provided by 210pp and chronostratigraphic markers.
pH reconstructions are based on diatom, chrysophyte, and water
chemistry data from calibration sets of modern lakes.

Diatom-inferred {DI) pH reconstructions for four of five
Adirondack PIRLA lakes indicate recent acidification. Big Moose Lake
pH declined from 5.8 to 4.7 starting in the 1940s. The pre-1800 DI pH
of Deep Lake, Upper Wallface Pond, and Lake Arnold was about 5.0 +
0.2-0.3 pH units. The DI pH of these lakes declined steadily after the
1900s by about 0.2-0.7 pH units. The pH declines were associated with
significant increases in percentage of acidobiontic diatom taxa.
Little Echo Pond, a bog lake, has low-diversity diatom assemblages.
Its DI pH has fluctuated around 4.5 for the past 100 years. Data on
sediment chrysophyte assemblages; total metals; sequentially extracted
metals; total C, N, S, and H; sulfur isotopes; and polycyclic aromatic
hydrocarbons indicate increasing influence of products of fossil fuel
combustion and lake acidification. Acidification of these lakes cannot
be accounted for by natural long-term acidification or watershed
disturbance, although these may be important factors in individual
cases.
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THE ADIRONDACK WATERSHED DATA BASE:
A RESOURCE FOR REGIONAL STUDIES®

Richard J. Olson, Aaron t. Rosen, Carolyn T. Hunsaker,
Robb S. Turner, Craig C. Brandt,2 Richard C. Durfee,3
Phillip R. Co]eman,3 Donald L. Wilson,3 and Fred E. Latham3
Environmental Sciences Division
Oak Ridge National Laboratory
Oak Ridge, Tennessee

The Adirondack Watershed Data Base (AWDB) has been designed to support
regional assessments of acidic deposition impacts on aquatic

resources. It is currently being used in the Adirondack Regional Case
Study, which is part of the National Acid Precipitation Assessment
Program (NAPAP) 1985 Assessment. The fully documented, integrated AWDB
will be available to assist other ongoing and long-term projects in the
Region.

The AWDB includes base data (e.q., lake name, location, size,
elevation) for all 2800 lakes in the Adirondack Ecological Zone, and
watershed attributes for 464 headwater lakes. Parameters have been
selected on the basis of their relative importance to the acidic
deposition issue and on their availability for the region; however, the
data base design anticipates the need to add new parameters and has the
flexibility to reference data by units other than watersheds. The AWDB
Tinks data on a watershed's morphology, physiegraphy, bedrock, soils,
land cover, land use, wetlands, disturbances (cahins, fires, andg
logging), beaver activity, and atmospheric deposition with the lake's
water chemistry and fishery status.

Watershed data are compiled from maps, aerial photos, and regional
monitoring networks. Thematic maps (e.g., soils, land use, elevation)
are digitized for the entire 2.5 x 105-ha region and data are

extracted for each watershed by overlaying the digital boundaries of
the watersheds. Digital files are also used to calculate new variables

TResearch funded as part of the National Acid Precipitation
Assessment Program by the U.S. Environmental Protection Agency under
Interagency Agreement Number DW89930858-01-2 (DOE-40-1488-84}, and by
the Office of Environmental Analysis, U.S. Department of Energy, under
Contract No. DE-AC05-840R21400 with Martin Marietta Energy Systems,
Inc.

2science Applications International Corporation, 0ak Ridge,
Tennessee 37830.

3Comput1ng and Telecommunications Division, Martin Marietta Energy
Systems, Inc., Oak Ridge, Tennessee 37831.
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such as slope and aspect from elevation data or adjusted wet deposition
by overlaying concentration contours and precipitation contours. Soil
attributes of map units were assigned by merging chemical/physical
properties using soil series names. The Fish Information Network data
base provides water chemistry and fishery status data that were
compiled from many surveys.

"Watershed units," as determined from topographic maps, are the
common spatial cells used for integrating thematic data within the data
base; the AWDB contains over 150 thematic variables for each
watershed. The SAS system provides data management, statistical
analysis, and graphical display capabiiities for the AWDB. The
Geographic Systems Group at Oak Ridge National Laboratory {ORNL)
provides support for geographic data input, manipulation, analysis, and
display. Data undergo extensive guality assurance checks and
documentation. The AWDB thematic data will be distributed as either
SAS, “card image," or PC {personal computer) disk data sets through the
NAPAP Acid Data Deposition Network (ADDNET) project at ORNL.

NEW YORK STATE DEPARTMENT OF ENVIRONMENTAL
CONSERVATION (NYSDEC) FISHERIES

Martin H. Pfieffer
New York State Department of Environmental Conservation
Ray Brook, New York

Throughout the years, various New York State governmental agencies were
charged with fisheries resource conservation responsibilities. The
first was the Commission of Fisheries which was established in 1868.
it, along with several agencies that succeeded it, concentrated almost
entirely on fish propagation efforts. These successors included the
Fisheries, Game and Forest Commission; the Forest, Fish and Game
Commission; and the Conservation Commission. The latter was
established in 1971 and while this agency still emphasized fish
culture, the concept of diolegical surveys was first initiated during
their tenure.

Thus, in 1920, the first state-sponsored survey of Adirondack lakes
involved a study of Lake George's aquatic resources. Under Dr.
Emmeline Mooer's direction, the New York statewide biological surveys
were initiated in 1926. The objective of these studies was to assemble
a large body of factual data relevant to aguatic resource management
and thereby to promote more effective and less wasteful fish stocking
programs. From this point on, a separate watershed investigation was
conducted each summer using a large seasonal crew of expert
specialists, mainly derived from the academic worlid. The results of
these surveys were published in reports dated the year following the
survey effort,
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What was formerly designated as the Conservation Commission became the
Conservation Department, under a single commissioner, in 1927. A new
bureau category, the Bureau of Biological Survey, was created in 1929.
This coincided with watershed surveys having a direct bearing on the
Adirondack Region, inciuding Lake Champlain (1929), St. Lawrence
(1930), Oswegatchie and Black (1931), and upper Hudson {1934). The
final watershed survey (Lake Ontario) was completed in 1939. In a move
to decentralize fish management efforts throughout the State, the first
fish management offices were gradually established throughout the State
and these were later converted to regional office designation.

There are currently nine such major installations, most with satellite
suboffices. The Adirondack regional responsibility is shared by

Region 5 with headquarters at Ray Brook, covering the eastern portion,
and Region 6 with headquarters in Watertown, covering the western flank.

While district and regional staffs continued routine survey and
inventory efforts, more specialized projects and research studies were
also initiated, with many funded by the Dingell-Johnson fund. Another
major change in emphasis occurred in 1970 when the former Conservation
Department was renamed the Department of Environmental Conservation
(DEC) in keeping with the Department's increased role in combating
pollution and protecting the environment. Thus, specific DEC studies
relating to acidification impacts on aquatic resources in the
Adirondacks were first initiated in 1975 and are continuing. In 1984,
the Adirondack Lakes Survey Corporation undertook an intensive,
large-scale physical, chemical, and biological investigation of lakes
and ponds in three major Adirondack watersheds. This major study is
designed to define the extent of the problem and provide a sound,
up-to-date data base to help measure environmental changes and develop
appropriate management strategies.

ONGOING RESEARCH BY THE ECOLOGICAL STUDIES PROGRAM
AT THE ELECTRIC POWER RESEARCH INSTITUTE

Donald B. Porcella
Electric Power Research Institute
Palo Alto, California

The Ecological Studies (ES) Program at the Electric Power Research
Institute (EPRI) sponsors research related to environmental problems of
the electrical utility industry. The ES effort in the field of acidic
deposition consists of the seven major projects listed below.
Currently, these projects represent a total of $37 million of
contracted research. Each project was designed by a project manager to
develop an integrated view of ecological problems and their solutions.
In the process, utility advisors help to ensure that priority problems
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are addressed and that results actually come to closure (i.e., can be
used in a solution to the problem). The highlights of the projects are
as follows:

L

Integrated Lake-Watershed Acidification Study (ILWAS) -

R. A. Goldstein, Project Manager -- Detailed biogeochemical
analysis of acidification based on long-term study of three
similar lakes with different pH regimes: watershed-lake
comprehensive process studies, detailed climatic and deposition
measurements, and a model for predicting pH, ANC, and other
critical variables. The entire watershed is modeled, encompassing
the forest canopy to the lake outlet. The model incorporates all
known processes affecting acidification. Results have shown that
(1) aikalinity is the key variable needed to understand
acidification processes, (2) lakes need to be understood in the
context of their watersheds, and (3) lake acidification is
site-specific, thus making fruitless any attempts to regionalize
from a few lakes.

Regional Integrated Lake-Watershed Acidification Study (RILWAS) -
R. A. Goldstein, Project Manager -- Regional application of the
ILWAS model. Initial results Jed to modification of the original
model code to incliude processes that were insignificant in the
original study (ILWAS) (see abstract by C. T. Driscoll, this
workshop proceedings for more details). As part of this project,
a detailed investigation of cores from 40 lakes in the
Adirondacks, New England, the upper Midwest, and Florida is being
performed under the Paleocecoiogical Reconstruction of Recent Lake
Acidification (PIRLA) Project (R. A. Goldstein, Project Manager;
see abstract by S. A. Norton, this workshop proceedings).

Aluminum Stream Study (ALSS) - D. B. Porcella, Project Manager —-
This project is concerned with stream aluminum processes in two
regions of the United States: tihe Adirondacks and the Blue Ridge
Mountains. The objective is to 1ink chemical variables such as
pH, ANC, aluminum, and calcium with biclogical processes in
Streams.

Lake Acidification Mitigation Project (LAMP) - D. B. Porcella,
Project Manager -~ The liming of lakes with CaCdy (limestone)

can be one way to mitigate acidic waters and restore fish

habitat. This would be beneficial during the period when
additional data are being collected, and also could be used to
restore lake fisheries rapidly. The project is concerned with the
development of models for predicting liming requirements and
determining when the lake has to be relimed. Two lakes have
already been limed (Woods lLake and Cranberry Pond), and the third
lake {Little Simon Pond), a lake with a stressed fish population,
will be 1imed in 1986. 1Initial results indicate that chemical and
biological effects have followed predictions. The stocked fish
are feeding actively and appear to have high growth rates.
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. Lake Acidification Fisheries (LAF) - J. S. Mattice, Project
Manager -- This project has provided quantitative results on the
effects of varying pH, aluminum, and calcium on different brook
trout 1ife stages. Since the functional relationships are
nonlinear, simple estimates of effects such as toxicity cannot be
made. This study will include similar analyses for three other
species: rainbow trout, smallmouth bass, and white sucker. Field
data and a model will be provided in the final project results.

® Aluminum Biogeochemistry Study (ALBIOS) - R. A. Goldstein, Project
Manager —— This is a geochemical study of aluminum in watersheds.
The work is closely aligned with ALSS and RILWAS, but is focused
mostly on soil interactions and toxicity to trees. It will not be
discussed further in this workshop.

° Integrated Forest Study (IFS) - L. F. Pitelka, Project Manager --
This large-scale project is concerned especially with the effects of
atmospheric deposition on forest nutrient cycling. Field sites
include areas in the United States (Adirondacks, New England, Blue
Ridge, Cascades) and in other countries where contractors and
co-operators will follow the IFS protocol (United Kingdom, Norway,
and Australia). As with ALBIOS this project is beyond the scope of
the workshop and will not be discussed further.

There are several EPRI data bases in preparation or in review that may be
of interest to other investigators. Generally, the data will be available
in hard copy and/or magnetic tape at the conclusion of the research
program. EPRI project managers should be contacted if advance information
is needed. The relevant data bases are described in Appendix B: Data
Descriptions.

LAKE RESOURCES AT RISK IN THE ADIRONDACK PARK OF NEW YORK

Jerry L. Schnoor
Department of Civil and Environmental Engineering
The University of Iowa (UI)
Iowa City, Iowa

Multiple regression models and the steady-state version of the
Trickle-Down model were used to predict the lake resources at risk under
different acid loadings in the Adirondack Park. Error estimates were
determined based on a procedure of model calibration, verification
(cross-validation), and prediction. A database (UI database) was compiled
from existing data sources including the ACID database; reports by Haines
and Akielaszek, and Pfieffer and Festa; topographic maps; Norton et al.'s
bedrock maps; and the GEDECOLOGY database. The UI database includes four
water quality parameters (alkalinity, pH, conductivity, and color) and 23
watershed descriptors.
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Watershed descriptors that were significantly correlated with lake
alkalinity concentrations were bedrock type, elevation of the lake, annual
rainfall, watershed area, lake surface area, soil pH and cation exchange
capacity, and hydrogen jon deposition. Those that correlated inversely
with lake alkalinity were elevation of the lake, annual rainfall, and
hydrogen ion deposition.

The Trickle-Down model was coupled with regression models to estimate
weathering rate coefficients a priori. HMean absolute prediction errors
were on the order of +80 ueq/L alkalinity. The model tended to "“under
predict® the number of high alkalinity lakes (>200 ueg/L) and "over
predict" the number of lakes in the alkalinity range from 0 to 40 npeg/L
for the Adirondack Park. Application of the Trickle-Down model worked at
least as well as the muitiple regression equation to predict alkalinity
concentrations of the lakes. An estimate of the number of acidic Yakes in
the Adirondack Park under current loading conditions is 18%, but the
number would increase to 46% if acidic deposition were to double, and it
would decrease to 11% at half-loading.

A methodology was developed to estimate the number of acidic lakes

in any region under current conditions. The prediction error

(80-180 ueq/L) is rather large for an individual lake, but it may be
acceptable for estimating distributions of lakes by alkalinity classes.
The sieady-state Trickle-Down model can be coupled with multiple
regression equations to predict the number of acidic lakes under different
acid-loading conditions. Unfortunately, it is not possible to obtain an
error estimale for prediction at different levels of acid loadings. More
laberatory research, whole watershed manipulations, and long-term records
are needed. Calibration of the Trickle-Down modei to lakes in many
different locations and lakes that receive different levels of acidic
deposition may test the power of the model in a different way. Further
testing of the model is recommended, especially as the National Surface
Water Survey database becomes available.

NYSDEC/ENVIRONMENTAL PROTECTION ~ ACIDIC DEPOSITION RESEARCH

Howard A. Simonin
New York State Department of Environmental Conservation
Rome, New York

Bureau of Environmental Protection personnel have been invelved with
acidic deposition research since 1980. Projects have included Adirondack
stream fisheries surveys, lake and stream water chemistry monitoring,
evaluations of Adirondack pond water transparency, and extensive in situ
bicassays.
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Many small Adirondack streams exhibit low pH, high monomeric aluminum
levels during periods of high flow, and it is this poor water quality that
severely limits fish populations. Summer and fall pH depressions due to
intense rainstorms may be as important as those that occur as a result of
snowmelt in Adirondack streams. Waters that are dark in color and have
high levels of dissolved organic carbon were found to be less toxic to
fish than clear waters.

In situ bioassays demonstrated that ambient water guality is toxic to fish
in some Adirondack streams. Creek chub and blacknose dace are more
sensitive to acid waters than are brook tirout and lake trout. Critical
life stages were found to be "upon hatching" and "early feeding" fry.
Yearling and adult fish were surprisingly sensitive to acidic waters,
resulting in questions concerning fish population rasponse and the
effectiveness of stocking programs in these waiers.

ATMOSPHERIC DEPOSITION IN THE NORTHEAST

Gary J. Stensland
Atmospheric Chemistry Section
I11inois State Water Survey
Champaiagn, I11inois

This paper discusses four areas {spatial patterns, seasonal variations,
time trends, and problems) in the deposition database for applications to
aguatic systems moda2ling for specific iakes.

Spatial patterns of jon concentration and deposition, for selected ions,
are presented for individual years from 1980 to 1984. Averages for the
1978 to 1984 period are also presented. The primary database used is that
from the National Atmospheric Deposition Program/National Trends Network
(NADP/NTN).

The limited database on time trends in deposition is critically reviewed.
Limitations in pre-1978 data are reviewed to indicate why the pre-1950
data are not very useful and why much of the data from the 1950s to
mid-1970 are controversial.

In contrast to the other topics, the discussion on seasonal variations
addresses patterns for the entire United States. It is shown that all of
the ions have seasonal patterns and that the seasonality is generally
strongest in the Rocky Mountain region.
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THE USE OF PROCESS MODZLS IN REGIONAL EXTRAPOLATION

Kent W. Thornton
Ford, Thornton, Norton & Associates
Little Rock, Arkansas

Process models, as with all models, represent abstract simplifications of
natural systems. A1l models are developed to achieve specific
objectives. These objectives must be known and explicitly stated for
proper use and application of these models for regional extrapolation.
Several factors to consider in evaluating process models for
regionalization include:

Objectives of model development

Process formulations

Time and length scales of individual process formulations
Prototype system

Assumptions

* 9 & 9 O

Three modals (ILWAS, MAGIC, and Trickle-Down) were developed to improve
our understanding of the effects ¢f acidic deposition on surface water
chemistry. The objectives of model development, however, were different
for all three models. These differing objectives result in different
spatial and temporal resolution, different process formulations, and
differing capabilities for regional extrapolation. Preliminary
evaluyations indicate the ILWAS model is appropriate for episodic and
annual extrapolations, while the MAGIC and Trickle-Down models are
appropriate for annual and lTong-term extrapolation.

A general regionalization strategy is presented that integrates both
statistical and process models. ‘Regionalization requires the use of
multiple techniques and procedures, not a reliance on any single approach.

DIRECT/DELAYED RESPONSE PROJECT

Kent W. Thornton
Ford, Thornton, Norton & Associates
Little Rock, Arkansas

Surface water chemistry of some sysiems may respond relatively quickly to
changes in atmospheric inputs (*direct response" systems). Other systems
may respond over much longer time scales {10 to 100 years = "delayed
response" systems), or they may show no response for centuries or
millennia (¥capacity protected" systems). The curreni geographic
distribution of these types of systems and their future responses to
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changes in atmospheric inpuls is a topic of vital concern to the National
Acid Precipitalion Assessmenl Program and to EPA. Disiributions among
direcl response, delayed response, and capacity-protected sysiems are

based on the time scales over which systlems in each calegory are expected
to reach an acidic steady state, given current levels of acidic depesition.

The Direcl/Delayed Response Project (DDRP) assumes that atmospheric
deposition of sulfur plays tlhe principal role in contirolling long-term
acidification (years or decades) of surface waters. This range of
potential effects (direcl vs delayed) on surface waters has clear and
significant implicatlions to public policy decisions on possible additional
emissions controtl.

The overall goals of the DDRP are 1o reduce the uncertainiies in current
understanding of effects of acidic deposition on surface water chemisiry
and provide essential inpul for public policy decisions on tLhis issue.

The following specific objeclives stem from ihese two goals:

. characlerize the variability of soil and other watershed
characleristics across the regions of concern;

® determine which of 1hese soil and watershed characteristics are mosti
strongly related to surface waler chemistry;

) eslimale the relative importance c¢f key watershed processes in
conirolling surface waler chemisiry across ihe regions of concern;
and

. classify a sample of walersheds as direct response, delayed response,

or capacily protected (1o the degrec that is scientifically
defensible) and extrapolate the resulls from ithe sample of watersheds
io the region of concern {(i.e., number or arca of lakes and number of
miles of streams in differenl response classes).

The regions of concerii for the DDRP are the northeastern Uniled States and
ihe southweslern portion of the Blue Ridge Province, commonly cailed the
"Southern Blue Ridge Province."

A variely of data sources and melhods of analysis will be used to address
each of the four objeclives above. The datla sources include exisling dala
(e.qg., NSWS, ADDNEI) and data to be collecied through sampling of
watershed soils on a regional scale. Therefore, a crucial parl of 1lhe
DDRP will be Lo map soils and walershed characterislics of a
representative sample of 150 1o 200 watersheds, and to perform detailed
physical and chemical analyses on samples of mosi soil series found within
these walersheds. Once lhe so0il survey is complete, a descriplion of ihe
variabilily in soil and watlershed characteristics (Objective 1) can be
developed.
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The proposed levels of analysis fall into three groups or levels:

lLevel 1. System Description

. statistical descriptions of the variability in soil
characteristics within and among watersheds, soil iypes, and
geographic regions; '

) evaluation of the input-output balance of sulfate in the
National Surface Water Survey watersheds; and
. indices of watershed soil content.

Level 11. Single Factor Response Time Estimales
. time 1o steady state in sulfate adsorption in soils;

. time to reduction of soil base saturation (assuming different
weathering rates) to a critical value;

) 1ime of travel and residence time in watershed soils; and

® eslimatles of mineral weathering rates.

Level I11. Dynamic Systems Moceling

. integralion of major processes to predict changes in soil
conditions and surface waler chemistry over time (using existing
models applied 1o represertative, intensively studied
walersheds);

. sensitivity analyses of mcdel predictions, given regional
variability in soil and waiershed characteristics; and
* classification of the response lime of watersheds included in

the so0il survey.

These three levels of analysis will be integrated along with estimates of
uncerlainly in classifying the system response as direct, delayed, or
capacity-protected. This classification rule will be used 1o classify,
firsi, the response categories of the DORP soil survey watersheds.

Because these walersheds were selecled using a probability sampling frame,
the DORP watershed response categories can be extrapolated to the Phase 1
Nalional Lakes Survey lakes and National Stream Survey streams and
walersheds. Regional esltimales for the noriheastern Uniled States and the
Soutlhern Blue Ridge Province can be made using Lhe expansion factors for
these 1wo surveys.

SOIL CONSERVATION SERVICE SOIL SURVEY

Keith A. Wheeler
S0i1 Conservation Service
Syracuse, New York

The Soil Conservation Service has been given the national responsibility
10 prepare soil surveys on nonfederal lands. Through a muitiagency
cooperaltive agreemeni, the Environmenial Prolection Agency is attempling
to determine the probability of the direct and delayed effecl of acidic
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rain on lakes in ihe northeastern United States. Many factors of
buffering acidity in soils have been recognized, bul Lhere are remaining
variances in lake alkalinity ihat cannot be explained through ilypical soil
buffering -soil waler perculate relationships. A soil survey of selectled
watersheds was done to present muliiple factors for correlation with lake
alkalinity levels. These factors may then be generalized to project
regional trends ihrough the use of standard soil correlatlion procedures.
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MODEL OF ACIDLFICATION OF GROUNODWATER CATCHMENTS

B. Jack Cosby, Richard F. Wright, George Hornberger,
and tdward B. Rasielter
Departmeni of Fnvironmenlal Sciences
University of Virginia
Charlotllesville, Virginia

Abstiract not available.

DATA COLTRECTION FOR TESTING ALTERNATLIVE HYPOITHESES CONCERNING
INCREASED ACLDLFICATION AND FISH POPULATION DFCLINES
IN ADIRONDACK LAKES

Gerhard K. Gruendling, Donald J. Boqucki,
Kennelh B. Adams, and Eileen B. Allen
Centler for Farth and Environmental Science
Statle Universily of New York
Plattisburgh, New York

Representatlive maps and aerial pholographs from research conducled al
1he State University of New York/Platlshburgh illusirate examples of
Adirondack wellands, foresl -cover types, beaver activity, and
disturbance history. The dala have been incorporated inlo the National
Acid Precipitalion Assessment Program's Adirondack Watlershed Data Base
(see R. J. Olson el al., i1his workshop).

GEOGRAPHICAL INFORMATION SYSTEMS:
A TOO0L 10 ACLDIC DEPOSITION STUDTES

Richard C. Durfee, Phillip R. Coleman,
and Donald 1. Wilson
Computer and Telecommunications Division
Marlin Marietla Enerqgy Syslems, Inc.
O0ak Ridge National lLaboralory
Dak Ridge, Tennessec

Abstract not available.
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AQUAFFECTS: A MENU-DRIVEN MICRO-COMPUTELR PROGRAM 10 ASSESS
REGIONAL TMPACYIS OF ACIDIC DEPOSLIION ON SURFACE WATERS

Chrisiopher G. Hoogendyk and Fdward Kaplan
Terrestrial and Aqualic Fcolegy Division
Brookhaven National laboratlory
Uplon, New York

A program has been developed thal integrales data relrieved from a
large -scale database, a choice of aqualic chemislry models, a choice of
fisheries models, and graphical outpul with analytical fealures to
assess the effecls of acidic deposition on the surface walers of a
region, in this case the Adirondack State Park, New York. The program
runs on an IBM PC and is completely menu -driven and designed so that an
individual who has no experience with compulers can easily run it. The
data are from 603 lakes in ihe Adirondacks and were relrieved from the
Acidificalion Chemistry Informalion Database (ACID). Aqualic chemistiry
models currently included are those of Henriksen and Schnoor for the
acidificalion of lakes. Fisheries modeling is based either on a
Togistlic model or on c¢ritical pH values for the survival and
reproduction of brook trout and lake 1rout, based on expert judgment.
Oulput is presented in 1lerms of prohability density functions of pH and
alkalinily for the region scaled 1o the total number of lakes.
Graphically oriented, menu driven integration is available 1o arrive at
1he number of lakes wilhin any interval on either graph. Choice of
models, parameter values, and future deposition levels can easily be
changed 1o assess 1lhe behavior of ihe models as well as the results of
differenl scenarios.

ADIRONDACK REGIONAL CASE STUDY:
RELATIONSHIPS BEIWEEN WATERSHED ATIRIBUTES AND WATER CHEMISTRY

Carolyn T. Hunsaker, Richard 3. Olson, Sigurd W. Christensen,
Robb S. Turner, Aaron E. Rosen, John J. Beauchamp,
Richard C. Durfee, Phillip R. Coleman, Donald L. Wilsen,
and Fred E. Latham
Environmenial Sciences Division
Oak Ridge National Laboratory
0ak Ridge, Tennessee

The National Acid Precipitation Assessment Program is performing a
national assessment of currenl effecis of acidic deposition for
Congress. A portion of this assessment focuses on the effects of
acidic deposition on lake chemistry in the Adirondack Region of the
slate of New York. 0ak Ridge mational Laboratory's responsibilities
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include developing and documenting the Adirondack Watershed Datla Base
(AWDB) and using this inlegraied dala base to idenlify relationships
between watershed atiributes and lake chemistry.

The primary objective of the Adirondacks study is to determine, on a
regional scale, the watershed atiributes thal account for variability
in take pH and alkalinitly, and subsequenily, in fish populalion
stalus. Relalionships developed by stalislical analyses are used 1o
assess the status of additional lakes in the Adirondacks. Single
headwatler lakes rather than lakes linked by wetlands or sireams were
selected for initial analysis. The AWDB links dala on a walershed's
morphology, physiography, bedrock, soils, land cover, wellands,
disturbances {(number of cabins and fires, and the logging activity),
beaver activity, land use, and atmospheric deposilion with a lake's
waler chemistry and fishery status.

Bivariate and muliivariate stalistical techniques are used 1o determine
relationships between watershed characterislics and lake chemistiry.
Spearman rank correlalions, 1-lestls, conlingency tables, and
nonparamelric one-way analysis of variance are used to test "popular"
hypotheses aboul acidic deposition (e.g., there is a significant
difference belween the pH and alkalinity in the lakes of walersheds
with a high percentage of coniferous vegelation versus those with fewer
conifers). Multiple linear regression (MLR) and discriminant analysis
techniques are used 1o determine multivariate relationships betlween
lake pH and alkalinily using 34 walershed variables for approximatlely
200 lakes.

Three walershed variahles {(wel hydrogen ion deposition, lake elevalion,
and percentage of watershed in conifers) are selecled consistenlly by
both the MLR and discriminant analyses as ihe strongest prediclors of
both lake pH and alkalinity. lake area, soils with a slope >25%, and
percentage of watershed in rock outcrop freguently show a significant
retlationship in multivariate analyses. The four-variable and

six variable MLR models account for 38 to 74% of the varialion in lake
pH and alkalinity, depending on the subsel of Jakes used to fit the
model. We think the addition of variables such as dry deposition,
in-lake processes, and recent land disturbances should improve the
models. Discriminanl functions using eight variables and two cliasses
(acidic and basic) correctly classify 81 1o 84% of the lakes with
observed pH and alkalinily measuremenls. Ftuture work will refine the
models, incorporate new and improved watershed data, and analyze
complex lakes. For headwaler lakes in the Adirondacks, our work
indicates thal approximately 50% of the lakes have a total alkalinity
<40 ueq/l. and 40% of lhe lakes have a pH of <5.5 (levels believed to
be detrimenial 1o some fish species).

This research was funded as part of the National Acid Precipitation
Assessmenl Program by ihe U.S. Environmenial Protection Agency under
Interagency Agreemeni Number DW89930858-01-2 (DOE 40-1488-84), and by
the Office of Environmental Analysis, U.S. Department of Energy, under
Contract No. DE-ACO05-840R21400 with Martin Marietta Energy Systems, Inc.
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John Beauchamp is with lhe Engineering Physics Division, Dak Ridge
Naticnal laboratory, and Richard Durfee, Phillip Coleman, Don Wilson, and
Fred Latham are with the Computing and Telecommunications Division, Martin
Marietla Energy Systems, Inc., Oak Ridge, Tennessee.

THE NATLONAL SURFACE WATER SURVEY
EASTERN LAKE SURVEY:
DATA MANAGEMENT AND ANALYSIS!

Paul Kanciruk, Tricia A. Gregory,2 Les A. Hook,?
and Raymond M. McCord?
Environmental Sciences Division
0ak Ridge National Laboratlory
fak Ridge, Tennessee

The 1984 Rastern Lake Survey was the first part of a long-term EPA
effort, ihe National Surface Water Survey, which was designed lo
synoptically guantify the surface water quality in selected areas of
the United States. This efforil supporis the National Acid
Precipitation Assessment Program. The survey, conducted in the fall of
1984, sampled approximately 1800 lakes in the Northeast, Southeast, and
upper Midwest (900 western lakes will be sampled in the fall of 1985).
Helicopters were used in the East 1o make watershed observations and
also served as plaiforms from which to collect waler samples, which
were analyzed al mobile field laboratories and analytical Taboratories.

The Computer Operalions and Data Support Group of the Environmental
Sciences Division (ESD) of the Oak Ridge National Laboratory {ORNL) is
working closely wilh EPA regional laboratories in Corvaliis and Las
Vegas, as well as at EPA Headquarters, to create and analyze the data
bases for the easiern and wesiern lake surveys. The function of the
data management and analysis componenl of the Eastern iLake Survey was
to (1) process the background information gathered during the survey;
(2) establiish a validated data base for analyses; and (3) work with EPA
1o statistically analyze, display, and evaluate the data.

TResearch funded as part of the Nalional Acid Precipitation
Assessment Program by the U.S. Environmental Protection Agency under
Interagency Agreement No. 40-1441-84 with the U.S. Department of
Energy, under Contract No. DE-AC05-840R21400 with Martiin Marietta
tnergy Systems, Inc.

2science Applications International Corporation, 0ak Ridge,
Tennessee 37830.
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The datla base for the kaslern Lake Survey is currenlly being

validated. The data analysis results produced by ESO included over
1000 graphs and maps describing regional lake quality on a regional
basis. T1his analysis package was the basis for ihe final report
released in 1986. The finalized dala base will be available through
the ORNL Acid Deposilion Data Nelwork (ADDNET) and will be made
available 1o the EPA Storage and Reirieval Sysiem (STOREI). The survey
results will be used in planning further acidic deposition research
including the Natlional Stream Survey and ihe EPA Direct/Delayed
Response Project.

ADTIRONDACK LAKES SURVEY

Joseph Nicoletle and Charles Bell
New York Staie Depariment of Environmental Conservation
Ray Brook, New York

The Adirondack |akes Survey (ALS) lake data base is mainlained with 1lhe
use of the Scienlific Information Retrieval (SIR) system and composes 16
record types. This data base coniains 202 differenl variables. The ALS
data system is managed with the use of the Sperry Univac 1100 mainframe
system (located al SUNY, Albany) and in -house IBM PC X1 microcomputers.
1n -house sofiware is used for dala eniry, map crealion, and data
calcutations (i.e., morphomelrics). Data verification and validation
occur al all phases of datla collection and transmiltal.
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DATA BASE DEVELOPMENT FOR THE NATIONAL STREAM SURVEY!

Michael 1. Sale and Jan M. Coe
Environmental Sciences Division
Dak Ridge National laboratory
Oak Ridge, Tennessee

and

Jay Messer
Environmental Research lLaboratory - Corvallis
U.S. Environmental Protection Agency
Corvallis, Oregon

The U.S. Environmental Protection Agency is conducting the National Stream
Survey (NSS) as part of the National Surface Waler Survey (NSWS) - a
project designed to (1) quanilify the extent of low pH and low

alkalinity systems thal may be affecled by acidic precipitation/deposition,
(?2) determine Lhe stlatlus of fisheries and olher aqualic resources in

these syslems, and (3) select regionally representative surface waters

for long-term monitoring. The sireams 1o be sampled in the NSS will

have drainage areas less than 155 km2 (60 sg. miles) and will bhe

sampled at their upper and lower ends during seasonal high-flow

periods. tach waler sample in the NSS Phase 1 study will be a broad
characterization of water chemistry for acidic precipitalion/deposition
assessment, including pH, acid-neutralizing capacity (alkalinity),

major cations and anions, dissolved organic and inorganic carbon,
extraclable aluminum, and other importani physical variables.

Quaniitalive and qualitalive dala on land-use and other watershed
characteristics that may be important to the acidification process will
also be incorporated into lhe NSS datla base.

The N55 data management activities al Oak Ridge Nalional laboratory
play an importanl coordinaling role in the project, especially with
respect 1o qualily assurance and quality contrel (QA/QC). Three types
of data sets will be identified: (1) raw data that have been checked
for accurale eniry and acceplable ranges, (2) verified data that have
passed intrasample analylical QA/QC checks, and (3) validated data that
have been subjected 1o intersample comparisons and other checks for
regional represeniativeness. Afier validation, data will be released
for use outside the NSWS through the Acid Deposition Data Network
(ADDNET) at ORNL and through EPA's Storage and Reirieval Syslem
(STORET).

TResearch funded as part of the Nalional Acid Precipitation
Assessment Program by the U.S. Environmental Prolection Agency under
Interagency Agreemenl 40-1557-85 with the U.S. Departmentl of Lnergy,
under Contracl No. DE -ACO5-840R21400 wilh Martin Marietta Energy
Systems, Inc.
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Field sampling has been completed on the NSS Phase 1 Pilot Study which
examined 63 siream reaches in ihe Blue Ridge Province of Tennessee,
Georgia, Soutih Carolina, and North Carolina. Current plans are to
begin sampling four subregions in the eastern Uniled States in early
spring 1986.

SEASONAL VARIATION IN THE CHEMISIRY OF PRECIPITATLION
IN THE UNLTED STATES

Gary J. Stensland and Van C. Bowersox
Atmospheric Chemisiry Sectlion
111inois State Water Survey
Champaign, 111linois

Abstract not available.

ADIRONDACK SO1L SURVEY ACTIVITIES:
SOIL. CONSERVATION SERVICE

Keith A. Wheeler
Soil Conservation Service
Syracuse, New York

txamples of various soil survey products for the Adirondack Region were
displayed. They included 1:750,000 and 1:250,000 General Soil Maps of
New York; 1:62,500 meso -intensily soil map for the Adirondack Park;
1:62,500 soil maps and cover-type maps expanded to a 1:24,000 bhase
sheel for Kiwassa lake (one of 32 pilot watersheds); and 1:24,000
detailed soil survey, cover-type maps, depth to bedrock maps, and
geological bedrock -type maps for Kiwassa lLake (one of 41 Adirondack
walersheds in the detailed soil survey). Also included were status
maps for additional soil survey products for the remainder of New York
Statle and the entire United Stales.
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CHAPTER 111: DATA RESOURCES

Presentations 1in Session 11 of the workshop described aquatic
research activities and surveys of the Adirondack Region thal have
produced data that may be used for reqgional assessments. Both
abstracts of these presentations (Chapler 11) and data base
descriptions (Appendix B) provide general information as to the
research or survey design, parameters measured, sampling/measurement
problems, etc., and idenlify individuals or reports that can provide
additional specific details. Table 1 lists the title, agency, and a
brief description of the data bases included in Appendix B.

Most of the studies and surveys utilize the New York State
Department of Environmental Conservation (NYSDEC) “pond" numbers as
unique lake identifiers. These identifiers consist of a watershed
basin code (basins 04 to 08 cover the Adirondacks) and a lake number;
they were assigned to lakes in hydrologic order in the 1930s using
large-scale topographic maps. Since then the system has been modified
to accommodate "new" lakes (reservoirs, beaver ponds, or lakes not on
the original maps) by adding a single letter as a suffix to the pond
number. The NYSDEC regional office at Ray Brook maintains a mastier set
of maps and pond numbers for the Adirondack Region. The NYSDEC plans
1o update lake coordinates (latitude and longitude) for ihe lakes
during 1985-1986. The NYSDEC also maintains a statewide gazelleer of
more than 7500 ponded waters which is currenily being updated (Swart
and Bloomfield 1985). The pond numbers in the gazetteer have been
modified from previous assignmenis to reflect recent legislation

concerning designated uses of the New York State waters.
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Table 1. Data bases containing Adirondack research
and survey data related to aquatic resources
(see Appendix B for detailed descriptions)

Data base name Agency?d Data base description
Acid Precipitation Mitigation FWS New program to develop data base
Program of chemical, biological, and

physical parameters of surface
waters being limed

Acidification Chemistry BNL Historical surface waler
Information Database chemistry data
Adirondack Lakes Survey ALSC Biological, chemical, and

physical data on approximately
1200 Adirondack waters
(400/year) between 1984 and 1986

Adirondack Park Agency APA Watershed data

Geographic Information System

Adirondack Watershed ORNL - Lake and watershed data for 463
Data Base SUNY/P headwater systems: morphology,

topography, land cover, wetlands,
beavers, bedrock, disturbances,
deposition, lake chemistry, and
fish status

Extensive Lake Survey cu Water chemistry and fish status

Fish Information Network NCSU Historical fish and water
chemistry data for lakes

Huntington Wildlife Forest, SUNY/S Collection and analysis of wet
New York, Acidic Deposition and dry deposition

Measurement

In Situ Biocassays of Fish NYSDEC In situ bioassays of major fish
in Acid Waters species to acidic water, all

life stages

Integrated Lake-Watershed EPRI Biogeochemical analysis of lake
Acidification Study acidification in three lakes and
mode]l development

Lake Acidification Mitigation EPRI Development of models to
Project determine frequency of liming
acid lakes
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Table 1 (continued)

Data base name

Agercyd

Data base description

National Surface Water Survey
Eastern Lake Survey-Phase 1

Regional Integrated Lake-
Watershed Acidification Study

Sediment Chemistry-
Adirondack Lakes

University of lowa Acid
Lake Database

EPA

EPRI

UM

Ul

Water quality and watershed
information for selected lakes in
the northeastern, upper
midwestern, and southeastern
United States

Biogeochemical analysis of
20 lakes

Sediment chemistry from ten lakes
Water quality and watershed

descriptors for lakes in the
northeastern United States

ArWS = U.S. Fish and Wildlife Service; BNL = Brookhaven National Laboratory;
ALSC = Adirondack Lake Survey Corporation; APA = Adircndack Park Agency; ORNL-
SUNY/P = Qak Ridge National Laboratory-State University of New York/
Plattsburgh; CU = Cornell University; NCSU = North Carolina State University;
SUNY/S = State University of New York/Syracuse; NYSDEC = New York State

Department of Conservation; EPRI
U.S. Environmental Protection

University of Jowa.

= Electric Power Research Institute; EPA =

Agency; UM = University of Maine; Ul =
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Many of 1lhe same lakes wilhin ihe Adirondack Region have been
inciuded in several surveys or sludies such thal preseni-day research
can draw on previous studies for historical or complementary data.
Therefore, a cross reference file was created on the basis of inpul
from the workshop partlicipanis. 1t contains information from 18
surveys or dala compilations. The 1itle, source, year(s), and nunber
of lakes included in each of these sludies are given in Table 2. Table
3 1ists pond numbers and names of 3% lakes thal have been included in
seven or more different surveys; Appendix € includes lhe complietle
cross reference list. The cross-reference data file is available from

tte ADONET (Acid Deposition Dala Nelwork) projecl at ORNL.
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Table 2. Number of Adirondack lakes included in various surveys or data bases
(see Appendix C for a complete listing)

Acronym Title Source Year(s) Number

ACID Acidification Chemistry BNL 1900-1982 1615
Information Database

ALS Adirondack Lakes Survey ALSC 1984-1986 1200

AWDB-C Adirondack Watershed ORNL -SUNY/P 1800-1984 154
Data Base-Complex Lakes

AWDB-S Adirondack Watershed ORNL -SUNY/P 1900-1984 4863
Data Base-Simple Lakes

ELS Extensive Lake Study cu 1983-1987 10

FIN Fish Information Network NCSU 1900-1984 469°

FIN-5 Fish Information Network- NCSU 1975 234
Schofield lLakes

TLWAS Integrated Lake-Watershed EPRI 1977-1982 3
Acidification Study

LAMP Lake Acidification EPRI 1985-1987 6
Mitigation Project

LTM Long-Term Monitoring EPA 1983-present 14

NSWS National Surface Water EPA 1984 184
Survey-Phase 1 lLakes

NSWS -D NSWS-Direct/Delayed lLakes EPA 1985 38

NSWS-2 NSWS-Phase II Lakes EPA 1986 47

PIRLA Paleoecological EPA 1978-1983 50
Reconstruction of Recent
Lake Acidification

RILWAS Regional Integrated EPRI 1980-1982 22
Lake-Watershed
Acidification Study

Norton Sediment Chemistry- UM 1977 10
Adirondack Lakes

SOILS Soils Survey EPA 1985 38

SOILS-P Soils Survey-Pilot EPA 1984 32

dLakes having recent pH data (summer surface samples collected between 1974
and 1983, measured using electrometric, air-equlibrated method; deleting 1979

DEC measurements).

additional lakes.

FIN also includes some sort of chemistry data for 942
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Table 3. 1lakes in the Adirondacks that
have been included in seven or more
surveys (see Appendix C for a
listing of surveys conducted
al each lake)

Pond Number
number Lake name of surveys

020100 Kiwassa lake

0720176 Little tcho lake
020143 Middle Pond
070264 Heartl iake

030128 Dry Channel Pond
040199 Middle Soulh Pond
040292 Nicks Pond
040321 John Pond

040504 Hawk Pond

040639 Hitchcock take
040706 Grass Pond
0407/46 Moss lake

040747 Cascade lake
040748 Bubb | ake

040750 Dart lake

040752 Big Moose |ake
040753 West Pond

040756 Merriam [ ake
040758 Gull take Souih
0407111 Constable Pond
040866 Deep lake

040873 Wolf |ake

040982 Woodhull Lake
050156 Woods lake
050192 St. John lake
0502174 Couniy Line lake
050310 lLlong Pond

050511/ Nale Pond

050673 Zack Pond

060083 Mount Arab lake
060313 Sagamore lake
070719 Nine Corner iake
070793 Troul iake
070936 Whilney lake
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CHAPTER 1V: REGIONAL ASSESSMENTS - RECOMMENDATLONS,
APPROACHES, AND DATA AND RESEARCH NEEDS

Joan P, Baker, Moderator
Kilkelly Environmental Associates
Raleigh, Ncrih Carolina

The purpose of Session 1V, Regional Assessments, was to examine
alternative approaches for the regionalizalion of aquatic impacis using
specific site and survey datla. 1o accomplish this, the atlendees were
convened in small working groups to promote interaction and stimulate
discussion on the topic of regionalization. This topic was divided
into two major questions: (1) how 1o estimate current impacts, and
(?2) how to predict future impacts. Ffstimation and prediclion were not
1o be limited to individual systems; i1he need for regional
exlrapolation was siressed. Two coordinators were assigned to moderatle
the two working groups, with each group discussing one of the two major
questions. Within each working group, three subgroups were formed with
appointed discussion leaders. Allendees were purposely assigned to
their working groups to give each subgroup a complementary mixture of
technical backgrounds.

The specific question for each group to address was:

Group 1: How many lakes have heen acidified by acidic deposition?

Group 2: How many lakes will be acidified by acidic deposition?
for 1he purpose of the discussion, and because of ithe recognized lime
Timitatlions, the estimalion of impacts was limited to the Adirondack
region with emphasis on aqualic chemisiry; biological impacts were to
be addressed secondarily. |lakes were assigned firsi priorily; streams,

were of secondary imporlance. While addressing the question assigned
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10 them, each subgroup was 1o recommnend a best approach for
regionalization based on subgroup consensus and, hopefully, withoul
preconceived biases. Similarly, the subgroups were to focus on the
proposed 1989 NAPAP assessment, thus, 1imiting the available Lime lo
collect new data, refine exisling models, or even develop new models.
Next, each subgroup was hypolhetically allocated $1 million/year in
funds 10 see their approach to its conclusion; thus, financial
conslraints had Lo be taken into consideralion. Once an approach was
selecled, each subgroup was asked to defend their decision and discuss
whatl the expecled oulcome and results would be. 1In defending their
decision, the subgroups were to outline whal olher approaches were
considered and why the other approaches were rejecled. Finally, tihe
overall needs of the appreoach (i.e., necessary dala or specific
research tasks to be accomplished) were 1o be addressed.

Although none of the six subgroups actually conducled a "trial
run" of lheir approach, 1lwo of the subgroups looking at future impacts
accepled the results of threc recent studies thatl estimated ihe current
number of acid lakes in lhe Adirondacks 1o be beilween 18 to 23%
(Schnoor el al. 1985, Hunsaker el al. in prep., Baker and Harvey
1984). Several of the subgroups developed parallel approaches io
regionalizalion. Al times, only lhe specific order of preference among
ihe componenis of the approach were different. The subgroups also
identified similar key data and research needs to supporl their
approaches. Allhough none of the subgroups apportioned their allolled
$1 million in research funds, several subgroups prioritized aspecls of
iheir approach, noting those areas thal deserved primary attention and

Lthose thal deserved secondary consideration.
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Tables 4-7 outline the results of the six subgroup discussions.
The basic recommendalions offered by the subgroups have been divided
into four categories: general, regionalization approaches, research
needs, and data needs. However, it is important to note that the
recommendations offered by a single subgroup do not necessarily imply
an absence of agreemenl (or disagreement) among the other subgroups.
Instead, they reflect separate ideas and areas of discussion reported
for the particular subgroup, becaus2 each subgroup did nol necessarily
cover the same topics (e.g., fisheries, sireams, etc.) in the time
allocated to address their principal question. The page numbers listed
in the tables provide a direct reference to the location of the
supporting text for each recommendation.

The next section of this repor! summarizes the discussions of each
of the six subgroups. These summaries were prepared from tape
recordings of each of the discussion leader's presentations in the
concluding session on regional assessments. Specific references to
each of the four tables have been incorporated into the texi (i.e.,

Table 4, Recommendation A is equivalent to 4A) for cross-referencing.



ORNL/1M 10044 52

Table 4. General recommendations (excerpted from working group discussions)

Subject

Working groups

Provide immediate and adequate funding
for synthesis and integration projects

Provide feedback mechanism between
analysis/modeling and research/surveys

Review data needs
Conduct periodic regional workshops

Establish a clearinghouse to disseminate
data and research findings

Current Future
1A 18 IC IIA 118 11C
56 12
56 n
60 69,71
56
56
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Table 5. Recommended assessment approaches (excerpted
from working group discussions)

Subject

Select data for regionalization

0 ALS (more lakes, small lakes, biota)
0 NSWS (rigorous design-bhased sample)
o Combined ALS and NSWS

Select deposition scenario
o Constant (possible worst case)
0 Varying levels

Classify lakes/watersheds for regional
analysis stratification

o Chemistry-based criteria

o Biota-based criteria

o Watershed-based criteria

o Use cluster analysis

Use watershed attributes to extrapolate
to the region
o Discriminant functions, cluster analysis

Use the NSWS design-based framework
(i.e., probability sample) to exirapolaile
to the region

Use a modified Direct/Delayed Response
Project approach to extrapolate to

the region by incorporating

additional processes

o Mineralization

0 Episodic events/hydrologic responses

o Organics in controliing A} and pH levels
o Fish responses

Use second generation versions of existing
process models

o Simplify complex models

0 Add more processes to simple models

Use a combination of statistical and
process models
o Incorporate variance/covariance matrices

Use a linked three-tiered approach

o Intensive, process-oriented site research

o Survey sample population (based on
results of intensive research)

o Extrapolate to study region

56

...Warking qroups

61

bl
bl

60,61

Ic

62

62

11A

67

65

66

617

66

66

67

118

68
68

69

69,70
70,7

69,70
70,71

68
68

68

...future

11c

76
16

12

73

13
13
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lable 6. Recommended research to support approaches to regionalization
(excerpted from working group discussions)

Subject

Episodic events

0o Relate to watershed atiributes,
especially hydrologic responses
(flashy systems)

o Determine patterns of water
chemistry changes within lakes

o Relate to fish response including
evatuating refuge sites

Mineralization (weathering rates)
o Relale to watershed attributes and
H* deposition
o Determine base cation replacement rates
o Organic mineralization/sulfur fixation

Hydrology
o ldentify "“flashy" watershed
characteristics

Other processes

o Evaluate in-lake processes

o Evaluate sulfate exchange

o Evaluate the effects of organics on pH and Al

Indices
o Develop sensitivity index based on chemistry
o Develop habitability index based on fish needs

Statistical approaches for regionalization
o Examine sampling designs and framework
for regionalization

Couple statistical and process models
Parameter estimation

Probability density funclions

Develop statistical methods to

analyze and display spatial data

[=3R oo i)

Evaluate effects on biota:
o In-situ bioassay

o MWhole lake acidification
0 laboratory biocassays

o Refuge sites

Current

1A 18

58,59 61,62

58,59 62
58

58

51
61

Working groups

IC 11A

66

61
617
67
61
67

67
67

64
67

67
63

bb

69,10

68

10

12
16
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Table 7. Data resources needed to support approaches to regionalization
(excerpted from working group discussions)

Working groups

Current Future
Subject 1A 18 IC 11IA 118 1ic
Lake inventory 57
o Location, name, size, type 57
o “"Sampling framework" 60
o Identify ephemeral beaver lakes 57 61
Stream inventory 61
Lake surveys (chemistry and biota)
0 ALS 56 60
0 NSWS 60
o Extend ALS to Hudson basin 57 60
Stream surveys (chemistry and biota) 61
Watershed attributes 59 60
o Topography, soils, land cover, gedlogy,
hydrology, wetlands, beavers, etc.
Deposition
o Wet, dry, throughfall 58,59
o Temporal variation 67

Historic data

16
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WORKING GROUP SUMMARILES

GROUP T: ESTIMATING TMPACIS 10 DAL - John L. Malanchuk, Coordinalor

Suhgroup 1A: Charley Driscoll (Discussion leader), Charles Bell,
Don Bogucki, Dick Olson, Gary Slensland, Neal Oden, and
Webb Van Winkle

The subgroup's recommended approach centered on three avenues:
how the effort should be organized, what analyses could be used with
the currently available data, and how should the chemical effect of
acidic deposition be determined? Wilh regard 1o organization,
recommendatl ions were to (1) hold a series of regional workshops (4D,
i.e., Table 4, Recommendatlion D), and (2) couple this with a
clearinghouse 1o manage and disseminate the Adirondack daila for
regionalization efforls (4F). A major consideration was to provide
adequale funding lo synlhesize and integrale the available dala (4A).
Considering 1he amount of data available for the Adirondacks, datla
synthesis would need to stari immediately and continue up through tihe
1989 assessment. The workshops would be used 1o evaluate, review, and
suggest redireclions of the work as needed (4B). 1n ihis way, the
results should he ready for ilhe 1989 assessment.

Data analysis would rely on the Adirondack lakes Survey (ALS) datla
for 1200 lakes (7C) and then extrapolale Lo the enlire Adirondack
region (2700 lakes) using these data (5D). Faclors such as elevation,
watershed area, lake area, watershed characleristics (percent wetlands,
forest type, etc.), and deposition would be used in the exirapolatlion

(5A). Some of the datla Tor exirapolation could be derived from mapped
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information. One problem recognized with this approach is that there
is one major basin, the Hudson basin, thal is not being studied in the
ALS. Thus, it would be importanl to lock at the results of these
extrapolations and compare them with currently existing data [i.e.,
from the National Surface Waler Survey (NSWS) or other studies]. 1If
this extrapolation was not adequatle, then funding would be provided to
conduct an appropriate survey in the Hudson basin (7C).

The next essential step would be to update the inventory of
Adirondack lakes (7A) to determine if individual lakes are permanent
(nonpermanent lakes are less important to the overall assessment) and
if these individual lakes are imporitant for fisheries. Once this was
done, a lake classification system baéed on watershed characteristics
(watershed area, percent wetlands, etc.), waler chemistry, or fish
information would be developed (5C). Fish and other biological data
would be used to conduct analyses comparable to Baker and Harvey's
(1984) work with the New York Stale Department of Environmental
Conservation data.

Once the classificalion system and information network was in
place, 1he question of evaluating chemical effecils of acidic deposition
would need to be addressed. Because a number of tlhe Adirondack lakes
are naturally acidic, simple pH or alkalinity can not be used as a
measure of sensitivity or effects. 1Instead, a sensitivity index
should be developed (6FE). Such a sensitivily index should be
based on the electrochemical balance of anions and cations within
a lake. 1In a simple form, the index could be calculated as the sum

of the basic cations plus ammonium minus the sum of strong acid
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anions. This is equivalent to bicarbonate alkalinity plus organic
acids mipus Hf jons minus aluminum, which allows the determination of
acidity contributed from natural organic acids. This index would
eliminate some of the problems associated wilh organic acids and
aluminum n idenlifying anthropogenic fimpacts. A classificalion systlem
could then be established using sensitivity index values, such as less
than 50 weqg/L or 100 peq/l, as lhe basis for the chemical effects
assessment .

Additional recommendalions for future research thal would resolve
data needs included: evaluale refuge sites within iakes which are
imporlant to assess episodic effects on fish (6A), evaluatle the
magnitude of the chemical change during episodic periods (b6A),
eslablish a throughfall nelwork 1o estimate dry deposition (7F), and
conduct additional fisheries experiments (6G).

fpisodic information from Phase 11 of the NSWS (1.e., measuremenls
of water chemistry relatled 1o snowmell) would be used to Took at the
depth of the acid pulse and 1o see how the pulse moves through the lake
(6A). These pulse movemenls need to be examined as a functiion of
watershed area, lake area, lake deplh, intensily of snowmell (6A),
elc., to extrapolate 1o ihe region as a whole for evalualing the

effects of episodic events on fish populatlions.

1Sensit’uvit index - 2[Cal*] + 2[Mg?*F] v [Na*] + [K*] + [NH4"]
- [S044°]1 - [NO3") - [C17]
[HCO3] + [RCOD™] - [H*] - n[AIN*].

2A11 ionic concentrations (excepl organic acids) can be measured.
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For evaluating the magnitude of the chemical changes during
episodic periods, some flow dala fo» the Adirondacks are already
available, butl additional site dala are probably needed to develop
concentration-discharge relationships (eA). Then this information,
along with critical parameters (base cations, nitrate or possibly
sulfate), could be coupled with certain watershed characteristics
{bedrock geology, depih of 1111, etc.) (7£) thal may influence the
shorit-term response of the watershed. From this information, the
magnitude of the shori-lerm changes in water chemistry that could occur
within the Adirondack region could be assessed, and within some bounds,
the episodic response for different types of watersheds could be
determined. This informalion could then be used to modify the initial
estimate of effects and the sensitivity index.

The lack of information concerning estimates of dry deposition in
ithe Adirondacks was noted as a significant problem (7f). The
development of a throughfall netlwork to provide a belier estimate of
dry deposition was recommended as a necessary complemenl to the
existing precipitation network.

To improve knowledge of acidification impacts to fisheries,
addilional experimenls were recommended (6G). These fisheries
experimenls might include in-s5itu bioassays (again, taking into account
regicnal needs), whole lake acidification, and laboratory bioassays (in

decreasing order of imporlance).
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Subgroup 1B: Dixon landers (Discussion lLeader), Eileen Allen,
John Holsapple, Pal Mundy, Don Porcella, Howard Simonin,
Kelton McKinley, and Marlin Pfieffer

The general approach adopted by this subgroup, although generally
similar to Subgroup 1A above, reflecls a different order of preference
for the various aspecis of ils recommended approach. Resolving data
needs was regarded as the primary concern for any regional assessmenti
effort (4C). Complelion of the survey of Adirondack lakes,
parlicularly in the Hudson basin, was given top priorily (7C). The
NSWS sampled some lakes in ihe Adirondacks (and a few were in the
Hudson basin), butl ihey were not sampled with the same intensity as the
ALS nor did they collect all the paramelers necessary for an assessment
effort. Thus, neither lhe ALS nor the NSWS conducled studies across
ithe entire region (7C). The Hudson basin accounls for 35% of ilhe
Adirondack area and, as a resull, ilhese data are needed to provide a
complete assessment of the Adirondacks. The next data need involved
ihe developmenl of a completle sampling frame for Lhe roughly 2700 lakes
in the Adirondacks (7A). Additional data ihat should be gathered are
drainage iype, residence time, vegetalion, soils, geology, elc. (7t).
These data may be available from maps. With this information, a lake
classification sysiem could then be developed for exirapolating back to
ihe 1loilal population of lakes in the region with beller accuracy (5C).

Several datla analysis necds were identified as critical to the
assessment effort. The firsl recommendation was to statistically

evaluate and combine the daia from the ALS and the NSWS 1o make a
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best estimate of current lake status (i.e., chemistry) for all
Adirondack lakes (including those less than 4 ha in size) (5A). Next,
it would be necessary to determine how many of these small lakes are
ephemeral, due to beaver aclivity, 1o evaluale the appropriateness of
their inclusion in (or exclusion from) ihe assessment (7A). Second,
the above data set should be analyzed to develop a clear, accurale
classification system for the Adirondack lakes (5C). By taking the ALS
and NSWS combined data setl with the enhanced sampling framework data
set, the region's lakes could be classified according to the full
complemenl of information. Cluster analysis was one recommended
approach for developing a lake classification system for the
Adirondacks (5C). The ihird recommendation was to develop a
habitability index for Adirondack lakes to evaluate ‘'potenlial' fish
habjtal (based on both physical and chemical conditions) (5C, 6F).
This information would provide for better estimales of the impacts to
fish populations in ihe Adirondack region.

Other areas of recommended research included evaluating stream
chemistry in the Adirondacks (7D) and evaluating the effects of
episodic events in bolh lakes and streams (6A). The subgroup
hypothesized that stiream chemistry should generally follow lake
chemistries (i.e., if one were to know some spatial disiribution of
lake types in the Adirondacks then the streams going into or out of
these lakes should generally follow the same characteristics of these
lakes). 7To confirm the hypothesis, a stream inventory could be
conducled thal would be based on the spatial distribution of the lake

types for the region (7B). Thus, a sample frame for streams in the
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Adirondacks would need to be developed 1o exirapolate to the whole
populatlion. Wilh regard Lo episodic events, the sampling of lakes
should be based on the range of lake 1iypes idenlified in the lake
classification system developed for the region (6A). Different
episodic conditions are expecled al differenl lake deplhs and for
differenl drainage iypes of lakes (6A). T1lhus, the sampling would need
1o reflect the range of conditlions existing in ihe Adirondacks.
Whereas in sireams, the episodic studies should work across suspected
gradients of stream types and should be based on bolh the lake
classification and the geographic location. Botih snow and rain events
should be invesligaled. The use of continuous monitors was recommended
1o evaluale stream episodes.
Subgroup 1C: John Malanchuk (Discussion Leader), Paul Kanciruk,
Wall Kretser, Scoll Overton, Joe Unangsi, Don Wilson

Most of 1his subgroup's discussion cenlered on the techniques for
regionalization. 7The most elementlary form of regionalizalion
cechniques involves making estimates bhased on regional tolals or means
(5E). These estimates can be based on scientifically derived,
statistical (i.e., probabilitly) sampling designs and are, therefore,
design based. 0Oesign-based methods provide disiribulion-free, unbiased
information capabie of assessing the properties of the sample. The
NSWS is one example of a design-based study (5HA). On the otlher hand,
estimales can also be based on a relalional model, (e.g., a regression

model), and the sampiing design is, therefore, model based.
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Model -based sampling methodologies are currently receiving significant
attention. This method allows the use of data collected by other
means. However, it is important to note that significant effortls are
needed to bring an arbitrary data base into the structure of the
model-based framework and to construct meaningful regional statistics
from it.

Regionalization can also be accomplished by analyzing the spatial
distribution of the data (6F). Spatially based regicnalization can be
used to generate contour or isopleth maps. Here, too, the sampling
framework can be either design based or model based. If the
probability sample has been designed in a manner compatible with
generating isopleth maps, then regionalization would be relatively easy
to perform (6F). Otherwise, considerable work would be required to
generate unbiased contour maps if the sample had been selected in
another manner, as was the case for the NSWS.

The NSWS sampling framework was based on the three alkalinity
classes (Linthurst et al. 1986) for lakes within the particular
region. Roughly, equal sample sizes were taken in each of the three
classes within each region. As a result, some difficulty has been
encountered in constructing conlour maps and isopleths. This is
because the number of lakes within each size class (or sirata) in the
region are very differeni. 7o resolve this situation, the data will be
weighted based on sample intensity. This will yield unbiased patterns
for isopleth constiruction. Unweighted contours, on the other hand,

would yield biased patterns.
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Mosl scientific surveys can be classed as either design based
(i.e., probability sample), model based, or judgmenli based,3 bul all
ihree are nol appropriale for regionalizalion. Probabilily-based
surveys are specifically designed for use in regionalization in one
manner or another. Model based surveys require additional
methodologies and efforts to complete regionalizalion. Admittedly,
surveys based on judgment samples have a significanl amouni of
information in them, but it is very difficult 1o bring these data into
any 1lype of regionalization effort.

The lasl category of informalion type Llhat one mustl deal with is
data of opportunily. Somelimes Lhese "found daia" will have
information that can coniribute Lo the research effort. Bul the
capabilitly to extract the useful informalion from the complele dala set
and 1o use il for regionalization s1il]l needs Lo be developed.
Similarly, data thatl are being used for purposes not considered in the
original survey design freguenlly have ithe same properties as found
data. Therefore, extending their use for purposes beyond those for
which they were originally desiqgned requires considerable 1hought and
effort.

The recommendation for regionalization, then, is to develop a
sampling framework and survey plan that will be compatible with
regionalization needs (6F). However, il is also important lo recognize
the difficulties associated witlh bringing new data into any fype of

regionalizalion.

3Judgment -based surveys are nol hased on probability; they are based
on the researcher's impression (i.e., purposive selection) of 1lhe
average population following inspection of the whole population and
should only be used for small, heterogeneous populations.
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GROUP 11: PREDICTING IMPACTS INTO THE FUTURE -- Kent Thornton,
Coordinator
Subgroup 11A: Jerry Schnoor (Discussion Leader), Mark David,
Richard Durfee, Jerry Gruendling, Greg Mallon, Carolyn
Hunsaker, Joe Nicolleile, and Jeanne Panek
Before beginning their assigned task, the subgroup members decided
it was best to consider the adequacy of currenl damage estimales so
ihat they had a firm basis for discussing approaches 1o predict future
impacts. The subgroup concluded that the necessary research is
currently being conducted or has been completed for estimaling impacts
ihrough 1983. Three differenl estimates for the number of acid lakes
in the Adirondack Region were presented at the workshop. Although
ihese eslimales were generated by independent subgroups using different
methods, the results are similar. FEstimates were 18% (Universitly of
Iowa, Schnoor el al. 1985), 22% {(0ak Ridge National laboratory,
Hunsaker et al., in prep.), and 23% (Norlh Carolina State University,
Baker and Harvey 1984). 1In addition, resulls from two surveys, the ALS
and the NSWS, should be available soon. With the detailed surface
water chemistiry available from these surveys, additional estimatles of
the number of lakes affecled by anthropogenic activities will be
forthcoming. Therefore, not only is it known what percent of the lakes
are acid, but it should also be possible 1o make an estimate of the
percent of those thal have a sirong organic acid influence relative to
those dominated by anthropogenic sulfate and nitrate (5C).
Several research needs associated with developing current
estimates were identified. Additional bioassay work in the area of
episodic events should be done, especially with the more sensitive life

stages, to esltimate a worst-case event (i.e., no refuge site for
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aqualic organisms) (6G). Measuring chemical changes during episodic
evenls and evaluating how these relate 1o walersheds with *flashy"
hydrographs (where episodic events are most likely to occur) were also
recomnended (6A). 11 is expecled thatl relationships between flashy
hiydrographs and watershed characteristics, such as depth to bedrock,
can be identified using associatlional or slatistical models (6A). Then
estimales of ihe number of walersheds with f{lashy hydrographs in the
region can be derived.

The subgroup's recommended approach to predicl future impacils to
aqualic systems involved ihe developmenl of second generation models
(5G). However, several olher approaches were considered. The use of
time series analysis was rejected because of ithe lack of sufficient
historical data. Simple steady-state models were also rejected because
ihey lack a temporal irend component. The Direcl-Delayed Response
Project's (DDRP) approach was partially rejected because it lacks
consideration of some importani process questions. 1f, however,

il were coupled wilh the necessary process research (minerology,
hydrology, etc.), then 1his modified DORP approach would show promise
(5F).

In calling for the development of second generation models, the
first recommendalion was 1o make simple models more complex (e.g.,
include time 1rends, and relale them, as besl as possible, to
multivariale statistical models) (5G). Nexi, complex models should be
made more simple (5G). An example of this is the ILWAS (Inlegratled
Lake Watershed Acidificatlion Study) model which needs to have
unimportant processes removed from it before it can be used as an

assessment model. Finally, more statistical techniques should be
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coupled with simple process models (6F). Variance-covariance matrices
and probability density function models (i.e., those developed by
Mitch Small at Carnegie -Mellon University) are two promising examples
(5H).

Specific areas thal need additional research to be able to predict
future impactls include mineralogy (6B), hydrology {(6C), sulfale
exchange (6D), in-lake processes (6D), and damage function estimatles
(66). Mineralogy and hydrology research were assigned top priority
because they provide process informalion for all models. The raile of
mineral weathering (both laboratlory and field studies), the dependence
of weathering on pH, and the replacement rate of base cations were
noted as important mineralogical processes that reguire additional
study (6B). Similarly, hydrological research should evaluate
subsurface flow and investigate pos<ible correlations with watershed
descriplors (6C). Other research recommendations, bul of lesser
importance than the above, included evaluating sulfate exchange (both
the hydrogen dependence and the organic sulfur pool) (6D) and
evaluating in-lake processes (net sulfate reduciion or incorporation
and algal uplake of nitrogen) (6D). lastly, the subgroup noted that
damage function estimates should not be 1imited to constant deposition
levels at currenl loadings (5B); additional modeling or statistical

research for realislic deposition levels are needed (6B, 7F).
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Subgroup 11B: Jack Cosby (Discussion leader), Ken Adams,
Sig Christensen, Bill Fallon, Rich Holdren, Ed Kaplan,
Dick Rush, Robb Turner, Bob Newlon

The recommended approach selected by this subgroup was somewhal in
agreemenl wilh thal recommended by Subgroup 1IA. Time series
approaches were also rejecled for estimating fulure impacls, because of
the data limitations. Members of this subgroup felt that statlistical
models alone would probably not be sufficienl for predicling future
effects due to the paucity of dala with which the models can be
constructed. They, therefore, recommended that ihe approach draw on
mechanistic models because these models embody the best understanding
of 1he processes affecling long-lerm dynamic responses of calchment
waler qualily Lo acidic deposition (5G). The full range of dynamics
inherent in lhe mechanistic models must be understood, however, if they
are to be applied on a regional scale. Thus, they concluded that the
developmenl of a prediclive prolocol should, in all likelihood, involve
ihe use of both mechanistic and statistical descriptions of lake
responses (5H, 6F). Unlike Subgroup 11A, who recommended the
developmenl of continuous damage functions for various deposition
levels, they recommended thal this firsl attempi ail making regional
prediclions should look at a worsl-case scenario using constant
deposition (58). Needless Lo say, ihe subgroup did agree thal analysis
of several different scenarios would provide useful informalion (58).
In looking lhen al fulure impacts based on constant deposition levels,
ihe subgroup reviewed the approach for regionalizalion adopted by the

DDRP in order 1o assess its advaniages and disadvantages.
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Developmenl of a classification scheme for the lakes in the region
was suggested as a first step Loward regionalization (5C). 1In
particutar, this could serve to enhance efforls to determine Lhe
behavior of organic-rich lakes wilh respect to acidic deposition. A
particular research need idenlified for this efforl concerned the
effects of organics on aluminum or pH, which are currently used to
estimale impacts (5F, 6D). However, the subgroup could not agree as to
whelher regionalization should be attempled for all lakes or whether it
would be appropriate to do prediclions for different classes of lakes.
The concern was raised thal seepage and drainage lakes mighl show
significanl differences in their mode of response (i.e., terresirial
versus in-lake processes). Mosl, if not all, extant models deal with
lerresirial processes predominanlly and hence projections may be
applicable only to drainage lakes. Additional discussion and/or
research is needed 1o resolve this question.

The subgroup felt that the development of a predictive protocol
should be an iterative procedure. The first attempl at regionalization
[i.e., the first assessment from the Direct/Delayed Response Project
(DDRPY which s due in 1987] should be used to indicate gaps in the
data and identlify research required for subsequent attempts (4C).
Further support for research efforts Lo examine, modify, and refine the
predictive protocol would be necessary to provide an improved (or at
least a beller undersiood) product 7or the 1989 assessmeni. In
particular, looking al the DDRP as it is currently structured with
process models forming its core, several areas were identified that
could polentially generate major objeclions to the conclusions which

will come from the DDRP.
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Immediate attenlion to lhese areas for both process-level stiudies
and inlegrative analyses was recommended. 1In some cases, new programs
need 1o be eslablished; in other cases, existing research programs need
10 be revised. Specifically, areas needing additional research include
(1) evaluatling the role of organic mineraliration and/or fixation of
sulfur and the role of mineralization (in i1he lake or waiershed) in the
production of alkalinitly (5F, 6B); (2) evaluating hydrological
responses (5F, 6C), particularly the mechanism and dynamics of episodic
pH or alkalinity depression, and, more particularly, the response of
biola to episodic acidification (5F, b6A, 6G); and (3) delermining the
role of organics (brownwater) in conlrolling aluminum availability
and/or buffering atmospherically derived strong acids (5F, 6D). The
resulls of this research need to be incorporated into the existing
process models (5F). Wilh respecli to mineralogy, lhe process models in
the DDRP rely very heavily on eslimates for wealhering rates. This
then is a very important aspect of evalualing the robustness of the
program's results., The recovery railes or the persistence rates for
these models depend on how fasi ihese base cations are replenished.
Estimates of mineral wealhering rates must be improved, and an
increased understanding of the regional variabilitly of weathering or
its temporal changes in response to acidic deposition musi be achieved
(6B). Therefore, the research to evaluate primary mineral weathering
in a variely of these systems needs to begin immediately in order to
have resulls ready for use in the 1989 assessmenl. The next area of
concern involved hydrology or the flashiness of the response. In terms

of assessing chemical impactls, it was decided that there was no a
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priori reason from a purely chemical point of view that one would want
to know if there was a lol of variability in chemical status in the
short term. However, the implicit idea that ultimalely ihese effects
are going to be linked to biological impacts and that short periods
with low pH might be very important in terms of the biological status
lead us to believe thal more attention should be given to these process
models and more informalion is needed aboul the distribution of
flashiness or variabilily throughout the region (5F, 6A). The above
recommendations might answer the major criticisms or at least
strengthen the weakest links in the process models for the protocol
established for the DDRP.

Most, if not all, mechanistic models have been built to describe
chemical responses. If the prediction of biological effects is to be
underiaken, a closer cooperation between the physical/chemical
researchers/modelers and the biological effects people should be a
priority in future work (4B). In terms of coupling these types of
chemical projections to biological effects, the types of data needed by
biologistis to develop an appropriate index, such as the one developed
by Baker and Harvey (1984) musti be identified (4C). The chemical
models are producing certain sets of outputs, and if these are not
compatible with the known or assumed inputs for a biological index,
then there is no direct way of coupling the regional chemical
assessment to a regional biological assessmenl. Some of the questions
that need to be asked include: are the appropriate chemical species to

which biota respond being modeled and are the temporal and spatial
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scates of the physical/chemical models consistent with whal is
understood about the biological effects? Therefore, some discussions
and planning need to be undertaken now.

Finally, given the large amount of money and ihe large number of
subgroups working on ilhe problem, a conscious and concerted effort must
be made 1o integrale all the data and the research resulls. Therefore,
it is important to nole thatl funds need 1o be allocaled for analyses,
and datla exchange and synihesis (4A).

Subgroup TI1C: Chris Hoogendyk (Discussion lLeader), Phil Coleman,
Nancy Dailey, Ceorge Davis, Ted Hinds, kd Rastetter

Subgroup discussions focused more on lhe various technigues for
regionalization attempls per se. A basic framework was agreed on, but
most of the discussions focused on delails for implemeniing different
aspecls of the overall framework. The statistical aspectis of the
aclual implementation of a regionalization process were noled as very
important. The subgroup acknowledged thatl several problems exisl that
have nol been deall with in any detail by either statisticians or
process modelers. On 1lhis basis, the subgroup recommended that
significant effortls should be placed on these problems and thal several
projecis should be initiated which would focus on the actual
regionalizalion process. Specifically, a number of statisticians,
process modelers, and research scientists should joinlly develop
methods to couple and integrate the process-oriented research and

modeling with the statistical methodology for regionalization (5H, &F).
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The basic framework recommended by the subgroup was fairly simple
and straightforward. The overall structure reflects work accomplished
in Brookhaven Natlional Laboralory's AQUAFFLCTS and the NSWS (also
recommended for the DDRP); but more imporiantly, the basic framework
can be seen to be common to all of 1lhese projects. The framework
utilizes a lhree-tiered view of ihe regional assessmenl to set the
stage for statistical analyses (51). The first tier consists of a
subgroup of research watershedsq that undergo detailed,
process -oriented research (51). This research should provide the
information necessary to construct detailed, process -oriented models,
such as the TLWAS model. From this close interaction, a beller
underslanding of watlershed processes arises, and it should be possible
10 determine which processes are the most importiant. The evolving
knowledge and experimentation with the models help gquide 1the research.
The second tier consisis of a statistical survey of a larger number of
watersheds (51). The variables surveyed should be selected on the
hasis of informalion derived from the research watersheds regarding the
importanl processes. Simpler models {such as Trickle-Down, Steady
State (Schnoor et al. 1985), or MAGIC (Cosby el al. 1985) would then be
applied. These simpler models are based on the resulis of 1lhe more
complex process models at the research watershed level. The ultimatle
goal is 1o make inferences aboul the condition of the whole population

of watersheds in the study region (ihe third tier) (51). The watlershed

41he basic example cited here refers to a population of watersheds,
bul certainly one could utilize lakes, sireams, or bodies of watler in
general as the population. The delails of implementation would be
different, but the overall concepls remain the same.
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survey can take into accounl the differeni kinds of watersheds and

ihe different Lypes of response 1o various levels of poliution

loading. Thus, 1he survey's statislical sampling design can be quite
complex, involving stratified or multistage sampling with unequal
probabilities. On this simple framework, any number of lhe
complexities and details of survey sampling and process modeling can be
superimposed.

Certainly, there are a number of approaches available for
parametier estimation for any particular process model one might wani 1o
use in this framework. The specific details of these approaches can be
argued and, ip many cases, will have to be worked out. One of the
basic concerns is how to determine oplimal model complexity. If the
walersheds were quite similar, then one might choose 10 apply the ILWAS
model 1o a handful of the walersheds and make regional eslimates using
that projeclion. Alternalively, if 1lhere were many walersheds with
significanl variance among them, a simpler process model applied 1o a
larger number of walersheds might give a more precise regional estimale
for the cost. The allocalion of funds for the analysis of these
iradeoffs in advance can subslantially improve ihe cost effectiveness
of fulure expenditures. for a given cost, the number of watersheds
surveyed will depend on ihe intensity of measurement on each watershed,
which in turn depends on (or determines) which models can be applied to
ihe survey watersheds. Taken togetlher, this allocation of effort
within and among walersheds delermines the ultimate precision of the

regional assessment.
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Next, efforts need to focus on predictive error (or error variance
of real datla about a model prediction) to reduce the variance in making
estimates for the future. The model should be compared against real
data to see how closely il matches. Certainly, complex models have
"knobs" and "dials" that can be twisled and turned to make them fit a
set of data. However, in a controlled environment, the model is fitted
to one set of data, and is then usec to make predictions for another
sel. The models that do not work are omitted, and those that do are
used for further analyses. It is not known whether the simple or
complex models will win out in their controlled envirconment. But this
is the environmenl within which predictions of the futlure necessarily
have to be made. It is the only way of truly testing a model.
Therefore, we should be careful to focus on predictive error.

In the statistical sampling framework, power calculations can be
used to design long-term monitoring or field surveys in terms of
decision making. For example, choose a null hypothesis that there is
no change (i.e., that at a certain level of deposition nothing is going
1o happen); no lakes are going to shift in one way or another. The
object is to be able to detect a particular alternative hypothesis,
perhaps to detecl whether 5% of the lakes reach a crucial threshold of
pH. The procedure is to state an alternative hypothesis and compute
variance estimales based on running the models against real data. The
predictive error and variance within and among the watersheds can be
used with the power calculations to deiermine if a change can be
detecled based on a particular survey design. If not, the design can

then be modified.
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Another question thal needs further study concerns time -dependenti
responses in watersheds and, in the process, models lhal represent
ihem. Historical data need to be incorporated into ilhe sampling frame
of 1lhe survey walersheds (76) (i.e., ALS, or NSWS, or the DDRP), or
into other design programs, so thal inferences ahout the entire
population of watersheds can be made. 7To eslimate paramelers for the
models, make projeclions, and calculale predictive error variances,
time -dependent data are essenlial (6F). Discriminant functions or
clustler analysis could be used to incorporate histiorical data sels into

the sampling frame of the surveys (50, 7G).
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CHAPTER V:  WORKSHOP RECOMMENDALLONS

The primary objecltive of ithe workshop was to examine alternative
approaches for applying aquatic data from specific sites and surveys to
additional areas within a region or to broader reqgions for analysis and
assessment. The plenary sessions provided background information on
current research efforts, fulure research needs, and data resources, and
provided discussions on exisling statistical and process models. The
following recommendations were largely derived from the working group
discussions but also reflect recommendations offered in the other
sessions. In essence, the majorily of the recommendations emphasize the
incampleteness of the information base on the exlentl and mechanics of
aquatic impacls in the Adirondack Region and across the United States as
a whole. The recommendations were compiied by the authors of the
procecdings and were circulated to ihe workshop steering committes for
itheir review and comment.

Overall, a number of researchers recommended thal adequate funding
(Limely and sufficienl) for both field research and subsequent analyses
(synithesis and integration) of the data be provided. They also
recommended the establishmenl of mechanisms 1o promote information and
data exchange, such as sponsoring periodic regional workshops or
establishing an informalion clearinchouse. The effectiveness of future
regionalization efforts will be very dependent on establishing an
organized data coordinalion/administratlion effort such as the Acid

Deposilion Datla Network (ADDNET) sponsored by EPA and DODE.
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Alihough several approaches for regionalizalion were reconmended, two
received widespread consensus. One approach called for the development
of a classificatlion syslem for surface walers and watersheds. The
classificatlion system could ulilize watershed, chemical, or biological
criteria, depending on the specific environmenlal impacl(s) undergoing
evaluation. The second approach involved the development of second
generalion models; making simple models more compliex and complex models
more simple. ftor example, lime 1rends and processes shown to be
imporlant by multivariate statlistlical models could be incorporated into
simple models. Likewise, less importanl processes could be removed from
complex models 1o simplify their use. Overall, the iteralive nature of
any regionaliralion approach was emphasized.

Numerous research needs were identified, bul four seemed 1o be of
primary interest. First, environmental responses to episodic evenls must
be evalualed in terms of walershed atlribules, water chemislry, and
biolic response. Future modeling endeavors will require additional
minerological research; some of the key efforls include determining rates
of mineral weathering and replacemeni of base calions, and evaluating the
hydrogen ion dependence of wealhering. Quantification of the effecls of
acidificalion on biota through additional in-situ bioassays, laboratory
bioassays, and whole-lake acidification studies were also recommended.

In addition, closer cooperalion belwecen researchers and modelers of
physical/chemical effecls and the biological effects was deemed importanti
for fulure efforts to couplie regional chemical assessments to regional
biological assessmenls. laslly, research is needed to develop approaches

for regionalization, such as the coupling of statistical and process
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models, developing probability density functions, and analyzing and
displaying spatial data.

Exlensive data are needed 10 support all reqionalization approaches,
including data derived from Lthe research mentioned above and data on
site -specific characteristics. Recommendations focused on developing a
complele invenlory of lakes and streams (i.e., name, location, size, and
1ype), characlerizing walershed attributes (topography, soils, land
cover, geology, hydrology, etc.), conducliing chemical and biological
surveys of surface waters, and increasing the spatial and temporal
resolution of deposition monitoring (wet, dry, and throughfall). With
regard to the Adirondack Region, portions of the data on site-specific
characteristics are available for use in regionalization studies. For
example, a fairly complete inventory of lakes and streams is currently
available, data on selected watersheds are avajlable, and extensive
chemical and biological surveys have been or will be initiated. However,
additional survey data from the Hudson basin, which was not included in
the ALS, may be needed. Moreover, data on deposition in the Adirondacks,
especially dry deposition, are stili insufficient.

With regard to current estimates of regional impacts to the
Adirondack Region, a number of the participants agreed that recent
research indicates that 18 to 23% of the lakes in the Adirondacks are
acid (pH < 5.0). Neither specific causes of lake acidification nor
estimates of future impacts to Adirondack lakes could be determined at

this time.
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Center for Larth & Environmental Science
Hudson Hall
Plattsburgh NY 12801

Phone: (518)564-2039  FI15:

Data collection {forest cover and
disturbances) for testing alternative
hypotheses of lake acidification.

Allen, Lileen B.

State University of New York/Platisburgh
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Environmental Conservalion

Fisheries Division

506 Woif Road

Albany NY 12233
Phone: (518)4%7 6178  F15:

Currently oversreing research on acid
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Modeling the impact of acid deposition Conpuler mapping, spatial data analysis,
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Dailey, Mancy S. planning staff,
0ak Ridge National Laboratory
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Qak Ridge T8 37831 Paul Smith's College

Fhone: (615)576 BAA8  F15: 626 8448 Paul Smiths MY 12970
Evaluation of the evidence relating air Phone: (518)327 6400  FIS:
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forest damage in the northeastern U.S.
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State University of New York/Plalisburgh
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University of 111inois Hudson Hall
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Water chemistry, soil chemistiry, waler primary minerals in soils environments.

quality modeling, and biogeochemisiry,



Holsapple, John G.

3890 Carman Road
Schencctady

Phone: (518)381-2122 RIS
Projoct Manager for water relaled RED
sponisored by the New York utilities,
also menber of the Adirondack Lakes
Survey Corp. Management Connilieo,

NY 12303

Hoogendyk, Christopher G. (Chris)
Brookhaven National 1aboratory
Terrestrial and Aquatic Feology Division
Building 318
Uptlon NY 11973

Phone: (516)282-3744  F1S: 666 -3744
Application of statistical methods to
process oriented models.  Developmenl of
a regional assessmenl framework and
implementation in AQUAKR ECITS,

Hunsaker, Carolyn 1.

Oak Ridge National Laboratory

Covironmental Sciences Division

P.0. Box X, Building 1505, Room 378

Oak Ridge TN 37831
Phone: (615)574-7365  F1S: 624-7365

Evaluation of relationships between

watershed atltribules and lake acidity,

and documentation of Adirondack Water -
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Kanciruk, Paul

Oak Ridge Naliona) Laboratory

Environmental Sciences Division

P.0. Box X, Building 1505, Room 328

Oalk Ridge TN 3783}
Phone: (615)574-71314 F1S: 624-7314

Data analysis and management for the

EPA National Surface Water Survey.

Kaplan, Cdward (fd)

Brookhaven National Laboratory

Building 475

Upton NY 11973
Phone: {516)282 -2007  FI1S: 666-2007

Statistical and numerical calculations

of changes to surface water chemistry

from atmospheric deposition.
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Krelser, Walter A, (Walt)
tmpire State Eleciric Energy Resparch Corp.

New York Siate Department of
Environmenial Conservation
Route 86
Ray Brook
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inventory of 1200 Adirondack ponded
waters.

NY 129717

Landers, Dixon H.

U.S. Environmental Protection Agency
Corvallis Environmental Research Lab.
200 SW 35th Street
Corvallis OR 97333
Phone: (503)757-4695  F1S: 420-469%
EPA National Lake Survey: a synoptic
survey of the chemistry (fall turnover)
of lakes in the northeasti, upper
midwost, and southeast United States.

Malanchuk, John L.

U.5. Environmental Proteclion Agency

Acid Deposition Planning Staff

401 M Strecl, SW, RD 680

Washinglon DC 20460
Phone: (202)382-5948  F15: 382 5948

U.S. EPA Acid Deposition Assessment

Staff, responsible for aqualic assess-

mend within the 1985 NAPAP Assessment.

Mallon, Gregory J. (Greg)

U.S. Environmental Protecltion Agency

Acid Deposition Planning Staff

401 M Strent, SW, RD 680

Washinglon DC 20460
Phone: (202)382-5600 FT15: 382-5600

U.S. EPA Acid Deposition Planning

Staff Assistant.

McKinley, Kelton R.

General Research Corporation
7655 01d Springhouse Road
West Gate Research Park
Mclean

Phone: (703)893-5300 FIS:
Project coordinator for EPRI LAMP.

VA 22102
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Mundy, Patricia A. (Pal)

U.S. Environmental Prolection Agency

Acid Deposition Assessimentl Staff

401 M Strecl, SW, RD 680

Washington DC 20460
Phone: (202)382-5984  1-1S: 382-5984

U.S. EPA Acid Deposition Asscssment

Staff.

Newlon, Robert M. (Bob}

smith College
NDepariment of Geology
Northarpton

Phone: (413)584 -3946  F1S:
Mapping of surficial geclogy for
approximately 30 Adirondack watersheds
and relationships Lo sensitivily to acid
deposition.

HA 01063

Nicoletle, Joseph P. (Joe)

Hew York State Departmont of
Eovironnontal Conservalion
Route 85
Ray Brook
Phone: (518)891-1370 FIS:
Data nanagemenl supervisor for AlSC.

MY 12917

Norton, Stephen A. (Steve)

University of #aine
Department of Geological Sciences
110 Boardman Hall
Crono
Phone: (207)581-1954  FI1S:

ME 04469

Oden, Neal L.

Brookhaven Mational Laboratory

Biomed. & Environ. Assess. Div.

Upton NY 11913
Phone: (516)282-2060 F1S: 666-2060

Statistics of objects in geographic

space.

A-b

Olson, Richard J. (Dick)

Oak Ridge Mational laboratory

Environmental Sciences Division

P.0. Box X, Building 1505, Room 350

Dak Ridge TN 37831
Phone: (615)574-1819  F1S: 624 71819

Development of an integrated watershed

level data base for the Adirondacks,

and data coordination and developnont of

the ADDNL1 Data Base for NAPAP.

Overton, W. Scolt

Oregon State University
Department of Statistics
Corvallis

Phonc: (503) 154-3366  F1IS:
U.S. EPA National Surface Water Survey:
probability sanpling in environmenlal
systems and modeling complex environ -
mental systems,

OR 97331

Paneck, Jeanne

State University of Hew York/Albany
Atmospheric Sciences Research Cenler
Whiteface Center Field Station
Wi Imington

Phone: (518)946-7191  FIS:
Collection of throughfall to the forest
floor to measure foresl effects caused
by precipitation pH and chemistry.

NY 12997

Pfeiffer, Hartin H.

New York State Depariment of
Environmental Conservation
Route 86
Ray Birook
Phone: (518)891-1370 FTS:

NY 12977

Porcella, Donald B. (Don)

Electric Power Research Institute
3412 Hillview Avenue
P.0. Box 10412
Palo Alto

Phone: (415)855-2723  FI§s:
Projeclt manager for the Lake Acidifica-
tion Mitigation Project and the Aluminum
Stream Study; other research- lake prod-
uclivity, eutrophication, and toxicity.

CA 24303



Rastetier, Fdward B. (Ed)

University of Virginia

Department of Environmenlal Sciences

Clark Hal)

Charlottesville VA 22903
Phone: (804)924-7761 FI5:

Modeling the impact of acid deposition

on soils and groundwater.

Roy, Karen

Adirondack Park Agency

P.0. Box 99, Route 86

Ray Brook
Phone:

NY 12977

(518)891-4050  FTS:

Rush, Richard M. (Dick)

Oak Ridge Malional Laboratory

Energy Division

P.0. Box X, Building 4500, Room D6

Oak Ridge TN 37831
Phone: (615)574-5170 FIs: 624-5/10

Landscape and lake acidification

relationships.

Schnoor, Jerald L. (Jerry)

University of Towa

Dept. of Civil and Environmentlal Engr.

Engineering Building, 1134 {8

Towa City 1A 52242
Phone: (319)353-7262  FT5:

Prediction of lake alkalinity using

multivariate statistical analysis,

Trickle-Down model, and time wvariable

models; chemical weathering kinelics.

Simonin, Howard A.

New York State Departmeni of
Environmental Conservation

Acid Deposition Project

8314 Fish Hatchery Road

Rome NY 13440
Phone: (315)337-0810  FTS:

Effects of acid waters on fish and

water chemistry in Adirondack lakes

and streams.

A-7
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Stensland, Gary J.

11linois State Water Survey

Atmospheric Chemistry Section

2204 Griffith Drive

Champaign 1. 61820
Phone: (217)333-7213  F1S: 957-2213

Evaluation of wet deposition sampling

methods; evaluation and interpretation

of wet and bulk deposition data;

role of alkaline aerosols from soils.

Thornton, Kent W.

Ford, Thornton, Norton and Associates

3 Innwood Circle, Suite 220

Little Rock AR 1221
Phone: (501)225-1179  FIS:

Studies of stream chemisiry during

episodic events; design and analysis of

data from EPA NSWS and Direcl/Delayed

Response Projects.

Turner, Robert S. (Robb)

Oak Ridge National laboratory

Environmental Sciences Division

P.0. Box X, Building 1505, Room 314

Dak Ridge N 37831
Phone: (615)574-4175  FIS: 624-4175

National Soils Survey; Direct/Delayed

Response Project.

Unangst, Joe

New York State Department of
Environmental Conservalion

Route 86

Ray Brook NY 12971
Phone: (518)891-1370 FI1S:

Adirondack Lake Survey chemistry,

Van Winkle, Webster (Webb)

0ak Ridge National Laboratory
Environmental Sciences Division
P.0. Box X, Building 1505, Room 254
Oak Ridge TN 37831
Phone: (615)574-7398 FT15: 624.7398
Evaluation of lake acidification and
fisheries impacts (sponsored by EPRI);
manipulation of watersheds (sponsored
by the US DOE).
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wheoler, Keith A.
Soil Conservation Service
U.S. Courthouse and Federal Building
100 S. Clinton Street, Room /71
Syracuse NY 13760
Phone: (315)423-5192 F1S:

Wilson, Donald t..

Oak Ridge National laboratory

Computing and Teleconmunications Div.

P.0. Box X, Building 4500N, #S-H25

Cak Ridge TN 3783}
Phone: (615)574-71451  F1S: 624 -7451

Computer mapping, spatia) data analysis,

geographic struclures, and computational

geonetry.
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Data Base Title: Acid Precipitation Mitigation Program
Subject: Surface Water
Date Obtained: Seplember 5, 1985 Acronym: APMP

Primary Data Source(s):

R. Kent Schreiber Jim Brown

Eastern Energy & lLand Use Team Eastern Energy & lLand Use Team
U.S. Fish & Wildlife Service U.S. Fish & Wildlife Service
Box 705 Box 705

Kearneysville, WV 25430 Kearneysville, WV 25430

(304) 725-2061; FTS 925-5354 (304) 725-2061; FTS 925-5282

NAPAP Code: E-5

Sponsoring Agency: U.S. Fish and Wildlife Service

Description: An interdisciplinary research program on mitigation of
acidified surface waters will provide a data base including
chemical, biological, and physical parameters on selected lakes
and streams in the northeast, southeast, and upper midwest over an
approximate time period of five years.

Keywords: Surface water, chemistrv, biota, mitigation

Data Uses: Assessment of efficacy of mitigation measures

Data Importance: Survey will provide two years of pre-treatmenl data
and three years of post-treatmenl data.

Variables and Units: Chemical, binlogical, and physical parameters
Number of Records: Zero; under development

Geographic Coverage: Selected lakes and streams in Minnesota, West
Virginia, Massachusetts, and Tennessee

Spatial Resolution: Lake or stream

Period of Record: 1986-1991
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Data Base Title: Acidification Chemisiry Informaiion Database
Subject: Waler Quality
Date Obtained: July 1985 Acronym: ACID

Primary Dala Source(s):

Christopher G. Hoogendyk George R. Hendrey

Terrestrial and Aquatic Terrestrial and Aqualic
Fcology Division Ecalogy Division

Brookhaven Nalional laboralory Brookhaven National laboratory
Building 318 Building 318

Upton, NY 11973 Uplon, NY 11973

(516) 282-3744; F1S 666-3744 (516) 282-3262; FI1S 666 -3262

NAPAP Code: E1-08, E2--11

Sponsoring Agency: Acid Deposition Assessment Staff, U.S. Environmential
Protection Agency

Appropriale Reference Citatlion:
Hendrey, G. R. Acidificalion Chemistry Informalion Database,
Brookhaven National laboralory, Upton, New York 11973

Descriplion: A dalabase comprising fresh surface waler quality data
from lakes, streams, reservoirs, and canals from ~50,000
stations over one million observation dates with nationwide
coverage (except Alaska and Hawaii) and with special emphasis on
data from the lasti 20 years. ACID concentratles on Jow buffer
capacity (low alkalinily) surface waters.

Keywords: Database, waler qualily, surface waler, lake, stream,
reservoir, cana)

Data Uses: Spatial and 1lemporal analyses of water quality on a local,
regional, and nalional basis

Data Importance: Great efforis have been made 1o encode historical
upland and headwaler waler qualiiy data from areas not directlly
impacied by local pollutant sources; hence, the importance of
non-STORET datla.

Variables and Units: FEight station types plus location descriptors,
15 physical and morphometric descriptors, 17 chemical variables,
chemical method codes where available

Sampling Melhods: Metlhod codes assigned 1o chemical variables where
possible as supplied by original sampling agencies

Uncertaintly/Reliability: While much QA has already been accomplished on
the data in ACID, ultimalely the data are only as reliahle as the
sampling agencies who collecied, analyzed, and reported them.
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ACID (continued)

Data Type: Raw sampling agency data
Number of Records: >1 x 100 s >200 megabytes disk storage
Geographic Coverage: Nationwide (except Hawaii and Alaska)

Spatial Resolution: Sparse to intensive, depending on sampling agency;
point data

Period of Record: ~1910--~1983 (most data beiween 1960 and 1982)

Temporal Resolution: Daily, yearly, or single shot, depending on
sampling agency.

References or Supporiing Documents:

Gmur, N. F., C. G. Hoogendyk, and E. Kaplan. September 1984. A
Description of Three Eastern lUnited States Polygons to be Analyzed
for Surface Water Quality Data in ihe FY 1985 NAPAP Assessment.
Repori for NAPAP Project 13-02.37. BNL 35648.

Gmur, N. F., G. 5. Hoogendyk, and %. Kaplan. Data Addition and Quality
Assurance Efforts for the Adirondack, Blue Ridge and Upper Midwest
Regional Databases. Report for NAPAP project 13-02.34 (in
preparalion).

Hoogendyk, C. 6., N. F. Gmur, and £. Kaplan. October 1984.
Availability of Surface Water Chemisiry Data in Three Fastern
United Siates Polygons to be Analyzed in the FY 1985 NAPAP
Assessment. Report for NAPAP Projeci 13-02.31. BNL 35784.

Hendrey, 6. R., C. G. Hcogendyk, and N. F. Gmur. 1983. Analysis of
Trends in the Chemistry of Surface Waters of the United States.
Annual Report for NAPAP Projects E1-8, E2-11. Volumes I and II.
BNL 51739,

Hendrey, G. R., C. 6. Hoogendyk, and N. F. Gmur. 1983. ¢tstablishing
the Acidification Chemistry Information Database (ACID). Progress
Report for NAPAP Project E1-C8. BNL 51707.
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Dala Base Title: Adirondack lLakes Survey
Subjecl: Surface Water
Date Obtained: Augusil 20, 1985 Acronym: ALS
Primary Data Source(s):

Walter A. Kretser

Adirondack |akes Survey Carporatlion

New York State Depariment of

Environmental Conservatlion

Roule 86

Ray Brook, NY 1297/

(518) 891-13/0

Sponsoring Agency: New York State Deparimeni of Environmental
Conservalion and FSEERCO

Appropriate Reference Citlatlion:
Kretser, W. A., el al. 1985. Adirondack Lakes Survey.
1984 field Study. 5 volumes. New York Stale Depariment of
Environmental Conservation, Ray Brook, New York.

Description: Biological, chemical, and physical dala on approximately
1200 Adirondack walers (400/year) between 1984 and 1986

Keywords: lLocation, size, elevalion, access, land use, volume,
shoreline, waler chemisiry, waler quality

Data Importance: Accurate, up-to-dale comprehensive data base for
fisheries management or environmenial analyses

Variables and Units: 202 variables; 16 record types-fish surveys; watler
quality; watershed descriptors; lake descriptors; water chemisiry

Sampling Melhods: Diverse

Uncerlainty/Reliabilily: Stirict quality control/quality assurance and
standard operating procedures are followed.

Data Type: Raw

Number of Records: 1200 lakes at completion
Geographic Coverage: Adirondack Region
Spatial Resolution: Lake

Period of Record: 1984-1986

Jemporal Resolution: One year per lake

References or Supporting Documents: See above
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Data Base Title: Adirondack Park Agency Geographic Information System
Subject: Soils
Date Obtained: August 20, 1985 Acronym: None
Primary Data Source(s):
John S. Banta
Adirondack Park Agency
P.0. Box 99, Route 86
Ray Brook, NY 12977
(518) 891-4050
Sponsoring Agency: Adirondack Park Agency
Description: Digital meso soils map of Adirondack Park. Other data
sets available for comparison include 1973, 1978, and 1982 Landsat
land cover; political factors {state land, jurisdictional
boundaries). Subsets for some watershed or other defined
geographic areas are available.

Keywords: Soils, land cover, land use (as designated by the APA},
geographic information system, watersheds

Data Importance: Provides park-wids watershed attribute data to use in
the analysis of acid rain impacts

variables and Units: Soil type, land-cover type, land-use class.

Sampling Methods: Data obtained from large-scale maps or remote-sensed
imagery.

Data Type: Processed

Number of Records: Approximately six million for each data type
Geographic Coverage: The entire Adirondack Park

Spatial Resolution: One acre (0.4 ha)

Period of Record: Varies
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Data Base Title: Adirondack Watershed Dala Base
Subjecl: Surface Water
Date Obtained: July 25, 1985 Acronym: AWDB

Primary Dala Source(s):

Richard J. Olson Carolyn T. Hunsaker

Oak Ridge Nalional Laboralory Dak Ridge Mational Laboralory
P.0. Box X, Building 1505 P.0. Box X, Building 1505

Nak Ridge, TN 37831 Oak Ridge, TN 37831

(615) 574 -1819; FIS 624-1819 (615) 574-7365; FIS 624 -71365

NAPAP Code: 12-02.1

Sponsoring Agency: U.S. tnvironmental Protection Agency, U.S.
Department of Energy

Appropriate Reference Citatlion:
Rosen, A. E., R. J. 0lson, R. C. Durfee, D. L. Wilson,
P. R. Coleman, C. C. Brandt, R. S. Turner, and C. 1. Hunsaker. An
Adirondacks Watershed Dala Base: Attribute and Mapping
Information for Regional Acidic Deposition Studies. O0Oak Ridge
National laboratory, Oak Ridge, lennessee {in prep.).

Description: Watershed attribute data were compiled from several
sources for 463 simple (headwaler) lakes in the Adirondack region
of New York State to sludy the relative importance of watershed
variabhles in determining the response of lakes and fish to natural
and anthropogenic acidification processes. Data sources include
the State University of New York (Plattsburgh), the Adirondack
Park Agency, the Fish Information Network, and the New York
Deparimenl of Environmenial Conservation. Data for 66 complex
lake systems will be added in 1986.

Keywords: Watersheds, lake chemistry
Data Uses: Statistical and process models; regional assessments

Dala Imporiance: Importani to help distinguish factors (especially
anthropogenic) associaled with lake chemistry and fish population
changes

Variables and Units: pH, alkalinity, other water chemistry, lake
morphology, fish status, soils, land cover, geology, topography,
land use, precipitation, deposition, fires, logging, wetlands,
beaver aclivily
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AWDB (continued)

Sampling Methods: Vary

Uncertainly/Reliability: Water chemistry subject to sampling and method
errors of original survey; most watershed data are derived from
maps or aerial photographs.

Data Type: Summarized for watersheds

Number of Records: 463 watersheds, ~150 variables

Geographic Coverage: Adirondack Park, New York

Spatial Resolution: Watersheds

Period of Record: 1900 to present

Temporal Resolution: Varies

References or Supporting Documents:

Hunsaker, C. T. et al. 1986 {(drafti. Adirondacks Regional Case Study:
Empirical Relationships between Watershed Chemistry and Aguatic

Resources. ORNL/TM-9838, 0ak Ridge National Laboratory, Oak
Ridge, Tennessee (in prep.).
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Data Base T1itle: Adirondack Watershed Data Base (Stale University of

New York)
Subject: land Use/l.and Cover
Date Obtained: July 1985 Acronym:  AWD

Primary Data Source(s):
Gerhard K. Gruendling
Center for tarih and

Environmental Sciences

State University of New York
Platisburgh, NY 12901
(518) 564-3107

NAPAP Code: 1

Sponsoring Agency: Oak Ridge Maiional Laboratory/U.S. Environmental
Protection Agency/U.S. Departmeni of Energy

Appropriate Reference Citalion: Data collection for i1esting alternative
hypotheses concerning increased acidification and fish population
declines in Adirondack lakes

Description: lLake and watershed variables including elevation, lake
size, watershed size, foresl cover, wetland type, disturbance
history, beaver activitly

Keywords: Foresi cover, wetlands, walershed, disturbance, beaver,
lakes, acidificatlion, natural sources

Data Uses: Statlislical models

Data Importance: Sole source for much of these data

Variables and Unils: Dependent on variable

Sampling Metlhods: Maps, aerial photlographs, planimetering
Uncerlainiy/Reliabiiity: ORNL guality assurance standards

Data Type: Derived measuremenis/observalions

Number of Records: Hundreds-thousands, depending on data set
Geographic Coverage: Adirondack Park

Spatial Resolution: 29 15-min U.S. Geological Survey quadrangles
Period of Record: Variable, differenl for each parameter

Temporal Resolution: Notl applicable
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Data Base Title: Extensive Lake Survey
Subject: tand Use/Land Cover
Date Obtained: May 1986 Acronym: ELS
Primary Data Source(s):
Steve Gloss
Cooperative Fishery Unit
Cornell University
118 Fernow Hall
Ithaca, NY 14853
(607) 255-4251; FIS 882-4251
Sponsoring Agency: U.S. Fish and Wildlife Service
Description: Ten lakes in the Adirondacks with diverse characteristics
were selected to study the effects of 1iming as a melhod of
mitigating lake acidification. MWater chemistry and fishery status
were evaluated before and after 1iming.
Keywords: Mitigation, liming, lake acidification, water quality
Geographic Coverage: Adirondacks

Perijod of Record: 1983-1987
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Data Base Title: Fish Informalion Nelwork

Subjecl: Aquatic Biota

Date Obtlained: July 15, 1985 Acronym: FIN
Primary Data Source(s):

Walter A. Kretser/Martin H. Pfeiffer Carl L. Schofield

New York Stale Department of Department of Nalural Resources
Environmental Conservation Cornell University

Routle 86 fFernow Hall

Ray Brook, NY 1297/ Ithaca, NY 14853

(518) 891-1370 (607) 256-2001

NAPAP Code: FE3-24

Sponsoring Agency: U.S. tnvironmenial Protection Agency/North Carolina
State University National Acid Precipitation Assessment Program

Appropriate Reference Citation:
Baker, J., T. Harvey, and J. Nicoletle. 1984. <Compilation of
Available Dala on the Status of Fish Populations in Regions of the
Nortiheastern United States Susceptible to Acidic Deposition.
Final Report to U.S. Environmental Prolection Agency, Corvallis,
Oregon.

Description: FIN is maintained at NCSU on the SIR {Scientific
Information Relrieval System) data base management systems. It is
an hierarchically struclured data base divided into 19 different
record types. 1I1 contains bolh fish and water chemistry survey
data on a lake-by-lake bhasis.

Keywords: Fishes, waler chemistry, Adirondacks, New York, Maine,
New Hampshire, Vermont

Data Uses: Assessmenl of changes in fish populations over time
{particularly in the Adirondacks), related to lake acidification

Data Importiance: Used in 1985 NAPAP assessment Adirondack Case Study

Variables and Units: Fish surveys; fish species; number caughl, size
range, qear used, elc.; water chemisiry: pH, pH method, alkalinity
(neq/1), alkalinitly method, etc.; stocking: fish species, number
stocked, etc.; and others.

Sampling Methods: Diverse. FIN is a compilation of existing data,
including informalion on sampling and analytical methods.

Uncertainty/Reliabilily: Varies
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FIN (continued)

Data Type: Raw
Number of Records: Unknown

Geographic Coverage: Adirondacks; some information for Maine,
New Mampshire, Vermont

Spatial Resolution: By lake

Period of Record: 1800s to 1984
Temporal Resolution: Days
References or Supporiing Documents:

Baker, J., T. Harvey, and J. Nicolette. 1984. Compilalion of Available
Data on the Status of Fish Pcopulations in Regions of the
Northeaslern United States Susceptible to Acidic Deposition.

Final Report to U.S. Environmental Protection Agency, Corvallis,
Oregon.

Baker, J., and 1. Harvey. 1984. Critique of Acid lLakes and Fish
Population Status in the Adirondack Region of New York State.
Final Report to U.S. Environmental Protection Agency, Corvallis,
Oregon.
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Data Base 1itle: Hunlington Wildlife forest, New York, Acidic
Deposition Measurement
Subject: Deposition
bate Obtained: July 1985 Acranym: NADP
Primary Dala Source(s):
Dudley J. Raynal
College of Environmential Sciences
and Forestiry
State University of New York
Syracuse, NY 13210
(315) 470-6782

Sponsoring Agency: New York State fLlectiric and Gas Corporation; State
Universily of New York at Syracuse

Description: Collection and chemical analysis of wet and dry deposition
at Huntington Wildlife Foresi, Adirondack Mouniains, New York

Keywords: Deposition, Adirondack Mountains, Hunlington Forest,
precipitation chemisiry

Data Uses: Reporis and analyses available from principal investigator
Data Imporiance: Sole NADP station in Adirondack Mountains

Variables and Units: Concentration land deposition of S04, NOj,
P04, C1, Na, K, Mg, Ca, and pH and conduclivity

Sampling Methods: NADP protocol; open buckel Aerochem melrics sampler

Uncertainty/Reliabilitly: Quality assurance both internal and external
(NADP protocol); very reliable

Dala Type: Raw, summarized, tables, figures

Geographic Coverage: Single location, central Adirondack Mountains
(Essex County, New York)

Spatial Resolution: Single location, central Adirondack Mountains
(Essex County, New York)

Period of Record: November 1978 to present

Temporal Resolution: Weekly, wet deposition, bimonthly dry deposition
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Data Base Title: 1In Situ Biocassays of Fish in Acid Waters
Subjectl: Aguatic Biota
Date Obiained: July 19, 1985 Acronym:

Primary Data Source(s):

Howard A. Simonin James R. Colquhoun

Rome Field Station Bureau of Environ. Protection

New York Stale Depariment of New York State Depariment of
Environmental Conservatlion Environmental Conservation

8314 Fish Hatchery Road . 50 Wolf Road

Rome, NY 13440 Albany, NY 12233

(315) 337-0910 (518) 457-6178

NAPAP Code: E

Sponsoring Agency: New York State Department of Environmental
Conservation

Appropriate Reference Citalion: (New York State Departimeni of
Environmental Conservation computer tape and paper files)

Description: Brook trout, lake trout, creek chub, and blacknose dace
were exposed in situ to acidic water during all 1ife stages. Data
include mortality observations and water chemistry at various
sites during the 17 individual bioassays.

Keywords: Bicassays, aquatic toxicology, Adirondacks, acidification,
fish, sport fish

Data Uses: Application {o models and assessmenl of environmental
impact

Data Importance: Few bioassays of this scope have been conducted. 1In
situ bioassays more accurately indicate natural impacts on the
organisms being tested.

variables and Units: Percent survival, pH, inorganic monomeric aluminum
(mg/1), time {(hours)

Sampling Methods: Observalions of mortality; collected water samples
analyzed in the laboratory

Uncertainty/Reliability: Model developed appliies only to waters of
similar chemistry (low pH, low conductivity)

Data Type: Primarily point station observations

Geographic Coverage: Southwest Adirondacks, New York
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In Situ Bioassays (conilinued)

Period of Record: Seplember 1983 - June 1985
References or Supporting Documents:
Johnson, D. W., H. A. Simonin, J. R. Colquhoun, and F. M. Flack. 1986.

In situ toxicity tests of fishes in acid waters. Biogeochemistiry
(in press).
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Data Base Title: Integrated Lake-Watershed Acidification Study
Subjecl: Surface Water
Date Obtained: August 20, 1985 Acronym: ILWAS

Primary Data Source{s):

Robert A. Goldstein Steve A. Gherini

Electric Power Research Instituts Tetra-Tech, Inc.

P.0. Box 10412 Suite 300

3412 Hillview Avenue 3746 Mt. Diablo Boulevard
Palo Alto, CA 94303 Lafayette, CA 94549

(415) 855-2593 (415) 283-311N

Sponsoring Agency: Electric Power Research Institute

Appropriate Reference Citalion: See "References or Supporting
Documents."

Description: TILWAS is a detailed bicgeochemical analysis of lake
acidification based on the long-term study of three similar lakes
with differing pH regimes. The ILWAS model was developed to
predict pH, ANC, and other variables; it inciudes all known
processes affecting acidification encompassing the forest canopy
to lake outlet

Keywords: lakes, watersheds, biogeochemistiry, models, acidification

Data Uses: Development of detailed watershed level models

Data Importance: Valuable to determine relative importance of watershed
processes

Variables and Units: pH, ANC, flow, precipitation, deposition, water
chemisiry, watershed attributes

Sampling Methods: Periodic sampling at many sites in the lake and
watershed

Data Type: Raw and summarized
Number of Records: 600,000
Geographic Coverage: Adirondacks, New York State

Spatial Resolution: Three individual lake-watershed systems
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TLWAS (continued)

Period of Record: 1977-1982

Temporal Resolution: Varies

References or Supporting Documents:

Tetra-Tech, Inc. 1984. The Integrated lLake-Watershed Acidificatlion
Study, Volume 4: Summary of Major Results. EPRI Final Report
EA-3221, Vol. 4.

1bid. Volume 3: tLake Chemistry Program. EPRI Final Report EA-3221,
Vol. 3.

1bid. Volume 2: Hydrologic Analysis. EPRI Final Report EA-3221,
Vol. 2.

1bid. Volume 1: 1LWAS Model Principles and Applicalion Procedures.
EPRI Final Report EA-3221, Vol. 1.
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Data Base Title: Lake Acidification Mitigation Project
Subject: Surface Water
Date Obtained: Augusl 20, 1985 Acronym: LAMP

Primary Data Source(s):

Donald B. Porcella Jack Heineman

Electric Power Research Institute General Research Corporation
34712 Hillview Avenue 7655 01d Springhouse Road
P.0. Box 10412 West Gate Research Park

Palo Alto, CA 94303 Mclean, VA 22102

(415) 855-2723 (703) 893-5900

Sponsoring Agency: Electiric Power Research Institute

Description: This project is concerned with the development of models
for predicting liming requirements and determining when lakes need
1o be relimed. Several lakes are being limed and water chemistry
and fish populations monitored to determine the effecis of the
mitigation treatment.

Keywords: Mitigation, liming, lakes, fish, acidification

Data Uses: Development of models to predict 1iming requirements

Variables and Units: MWater chemistry, fish status

Sampling Methods: Period lake sampling

Data Type: Raw and summarized

Geographic Coverage: Adirondacks, New York State

Spatial Resolution: Three lakes



ORNL/TM-10044 B-20

Data Base Title: Natlional Surface Water Survey Fastern lLake Survey -
Phase 1

Subject: Surface Water
Date Obtained: August 20, 1985 Acronym: NSWS FIS-1

Primary Dala Source(s):

Dixon H. Landers Paul Kanciruk

Environmental Research lLaboralory Environmental Sciences Division
U.S. Environmenial Protection Agency 0ak Ridge National laboratory
200 SW 351h Street P.0. Box X, Building 1505, MS-3
Corvallis, Oregon $7333 Oak Ridge, TN 37831

(503) 751-4595; (F1S) 420 -4695 (615) 574-7314; (F1S) 624-71314

NAPAP Code: E
Sponsoring Agency: U.S. Environmenial Protection Agency

Appropriate Reference Cilalion: See "References or Supporiing
Documenis. "

Descriplion: As part of 1he National Acid Precipitation Assessment
Program, the U.S. Environmenial Prolecticon Agency initiatled the
National Surface Water Survey (NSWS) in 1983. The NSWS, which
incliudes both lakes and streams, has ihree primary goals and ilhree
distincl phases: (1) quantify the present chemical status of
surface waters in the United Siates (Phase 1), (2) assess ihe
temporal and spatial variabilily in aguatic chemislry and define
ihe key biological resources associated wilh surface walers
(Phase 11), and (3) identify temporal trends in surface waler
chemistry and biology (Phase 111).

The £1.5-1 was designed Lo provide lhe informalion needed 1o assess
ithe chemical statlus of lakes in arcas of the eastern United Siates
containing the majorily of low alkalinity sysiems. Over 1600
lakes were sampled in ihe fall of 1984. lakes were selecled
statistically from the population of lakes within the
noriheastern, southeastern, and upper midwesiern regions of ihe
United States. Twenly-five variables thoughl to influence or be
influenced by surface waler acidificalion were measured using
standardized methods. 1lhe ELS-1 data base mav be used to
investigate correlalive relationships among chemical variables on
a regional basis and 1o estimale the chemical status of lakes
within a specific region. The £1S-1 samples 203 lakes in region
1A which covers the Adirondacks.

Keywords: Watler chemistiry, slatistical survey
Dala Uses: To make regional populalion esiimales of lake chemical

status; also 1o explore relalionships between lake chemistry and
other faclors related Lo lake acidification.
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NSWS ELS-I (contlinued)

variables and Units: pH, ANC, Al, Ca, DIC, DOC, color, condition,
S04, NO3, NHz, P, major metals

Sampling Methods: Statislical prcbability design, helicopter-based
collection

Uncertainty/Reliability: Extensive quality assurance was performed to
estimate sampling errors.

Data Type: Raw
Number of Records: 203 lakes in Adirondacks

Geographic Coverage: 203 lakes in Adirondacks; also susceptible
regions northeast, upper midwest, Appalachians, and Florida

Spatial Resolution: Points

Period of Record: Fall 1984

Temporal Resolutijon: One sample in one year
References or Supporting Documents:

Linthurst, R. A., D. H. Landers, J. M. Eilers, D. F. Brakke,
W. S. Overion, E. P. Meier, and R. E. Crowe. Characteristics of
Lakes in the Eastern United States. 1986. Volume 1: Population
Descriptions and Physico-Chemical Relationships.
EPA-600/4 -86-007A. United States Environmenial Protection Agency,
Washington, D.C., 275 pp.

Overton, W. S., P. Kanciruk, L. A. Hook, J. M. Eilers, D. H. Landers,
D. F. Brakke, D. J. Blick, Jr., R. A. Linthurst, and
M. D. DeHaan. 1986. Characteristics of Lakes in the Eastern
United States. Volume 11: Lakes Sampled and Descriptive