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PREFACE 

The workshop on " R e g i o n a l i z a t i o ?  o f  Aqua t i c  Impacts  Us ing  t h e  

Adi rondack Region as a Case Study"  was h e l d  August 20-22, 1985, a t  

Paul S m i t h ' s  Co l l ege  i n  Paul Smiths,  New York. The workshop was 

sponsored by Task Group I (Assessments) o f  t h e  N a t i o n a l  A c i d  

P r e c i p i t a t i o n  Assessment Program t h r o u g h  t h e  Ac id  D e p o s i t i o n  Assessment 

S t a f f  of t h e  U. S. Env i ronmenta l  P r o t e c t i o n  Agency. The purpose o f  t h e  

workshop was t o  examine a l t e r n a t i v e  approaches f o r  a p p l y i n g  a q u a t i c  

d a t a  f rom s p e c i f i c  s i t e s  and surveys t o  a d d i t i o n a l  areas w i t h i n  a 

r e g i o n  o r  t o  b roader  r e g i o n s  f o r  antilysis and assessment. I n v i t e d  

p a r t i c i p a n t s  i n c l u d e d  d a t a  a n a l y s t s  and modelers  f rom government, 

academia, and p r i v a t e  i n d u s t r y  w i t h  s p e c i a l i z e d  e x p e r t i s e  i n  t h e  

a n a l y s i s  o f  a q u a t i c  impacts  f rom a c i d i c  d e g o s i t l o n .  (Appendix A 

p r o v i d e s  a complete list o f  t h e  p a r t i c i p a n t s . )  

The fo rma t  o f  t h e  meet ing  p r o v i d e d  p l e n a r y  sess ions  i n  wh ich  

i n v i t e d  speakers p resen ted  i n f o r m a t y o n  on c u r r e n t  research  needs and 

a v a i l a b l e  d a t a  resources ,  and revieided s t a t i s t i c a l  and process models. 

At tendees were then  d i v i d e d  i n t o  sma l l  d i s c u s s i o n  groups and asked t o  

deve lop  an approach f o r  conduc t ing  r e g i o n a l  assessments. One o f  t h e  

sess ions  p r o v i d e d  p o s t e r s  and demonst ra t ions  o f  r e s u l t s  o f  r e l e v a n t  

d a t a  ana lyses  and model developments i n  suppor t  o f  t h e  work ing  group 

d i s c u s s i o n s ,  

T h i s  r e p o r t  i s  d i v i d e d  i n t o  f i v e  chap te rs .  The f i r s t  c h a p t e r  

o u t l i n e s  t h e  o b j e c t i v e s  o f  t h e  workshop and summarizes t h e  research  

needs o f  t h e  U. S. Env i ronmenta l  P r o t e c t l o n  Agency, t h e  E l e c t r i c  Power 
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the overa 

Three 

attendees 

Research Institute, the Mew York S t a t e  Department OF Environ 

Conservation, and the Empire S t a t e  Elec t r ic  Eroergy Research 

CorporaO7on. 

the formal presentations frow t h e  plenary sessions and the poster 

session-  Data resources a m  summa-ized i n  the third chapter. Chapter 

I V  presents the recommendations, approaches, snd data  and research 

needs identified in t h e  working group discussions. Chapter V outlines 

Chapter I1 contajlns a copy o f  t h e  agenda and abstracts  of 

1 reconmendations for approaches t o  reg2~sral assessments. 

appendices provide further background information an the 

information d a t d  bases,  and cross-references Po s t u  

surveys conducted on lakes in t h e  Adirandack Region. The list of 

participants (Aggend-ix A )  provides. a summary sf each participant‘s 

current research interests as well as an address and telephone number. 

Appendix 8 contains descriptions o f  the various data bases o f f e r i n g  

data resa3urces pertinent t o  the Adirondack Reg-ion. These su 

include contact person, reference citatisn(s), keywords, irnportmce, 

variables, sampling methods, geographic coverage, and period o f  

record. Appendix C provides a cross-reference list o f  lake Sdentiflers 

used in the Adirondack Lake Survey, the National Surface 

the Direct/De?ayed Response Program, t h e  Integrated Lake-klatesshed 

Acidification Study, the Adirondack Watershed Data Base, the F i s h  

Information Network, t h e  Paleoecological Reconstruction of Lake 

AcldSfication Project, t h e  Lake Acidification itigation Project, the 

New York State Department of Environmental Conservation surveys, and 

others. (For additional information on each o f  the above surveys or 

data bases r e f e r  t o  Appendfx €3: Data Base Descriptions.) 
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ABSTRACT 

D A I L E Y ,  N. S., and R .  3 .  OLSON (Editors). 3986. 
Proceedings of the Workshop on Regionalization o f  
Aquatic Impacts Using the Adirondacks as a Case 
Study. ORNL/TM-10044. Oak 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, Mew York. Studies 

conducted within the Adirondack Reg-ion o f  New York provided the 

principal Information base for evaluating regional extrapolation. 

Primary data bases for the Adirondacks were revdewed and statistical 

and process modeling approaches were discussed as methodologies for 

regionalization. Small working grotips o f  data analysts and modelers 

developed approaches moving toward regional extrapolation of Adirondack 

data sets, based on either estimating current impacts o r  predictlng 

future impacts. This  report outlines suggested approaches, 

recommendations f o r  future research, and existing data needs. The 

discussions emphasized (1) the lack of  i ~ f ~ r m a t ~ o ~  on the exte 

mechanics of aquatic impacts in the Adirondack Region and across the 

United States as a whole, (2) the need for  increased i ~ f ~ r m a t ~ ~ n  

exchange, and (3) the need to develop modeling approaches for 

reglonalization. Recommended approaches included the development o f  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. 

x i 



Abstracts of  the formal presentations from the plenary sess ions  and the 

p o s t e r  session are included. Descriptions o f  the various data  

resource-; ( f r o  en t ,  academia, and indwtry) on t he  Adirondack 

Region and a cross-reference l i s t  o f  lake ident i f iers  used i n  current 

and pas t  surveys o f  the  Adirondacks a re  a l s o  provided. 

x i  i 



C H A P T E R  I :  WORKSHOP OBJECTIVE AND R E S E A R C H  NEEDS 

The ob jec t ive  o f  t h e  workshop was t o  examine a l t e r n a t i v e  

quatic datd from s p e c l f i c  s i t e s  and surveys t o  

a d d i t i o n a ~  a reas  wjthl  region o r  t o  broader regions f o r  a n a l y s i s  and 

assessment. S tudies  c ucted w i t h i n  t h e  Adirondack Region provided 

t h e  p r inc ipa l  information base t o  examine regional  ex t r apo la t ion .  

rimary da ta  bases f o r  t h e  Adirondacks were reviewed and eva lua ted ,  and 

s t a t i s t i c a l  and modeling approaches were discussed t o  eva lua te  

methodologies f o r  regional  ex t r apo ld t ion ,  

Five s p e c i f i c  goals  were accomplished: an inventory o f  e x i s t i n g  

da ta  r e s ~ u r c e s  was compiled; a c ross - re ference  l i s t  of independent 

s t u d i ~  o f  Adirondack lakes  was compiled;, cu r ren t  a n a l y s e s h o d e l s  were 

reviewed; synapses o f  f u t u r e  da ta  needs were d iscussed;  and a consensus 

o f  t h e  number o f  a c i d i c  lakes  i n  t h e  Adirondack Region was developed. 

RESEARCH NEEDS 

Research on t h e  aqua t i c  e f f e c t s  of acddic depos i t lon  w i t h i n  the 

Adirondack Region i s  ~ r ~ ~ ~ ~ i ~ ~  belng s onsored by e l t h e r  t h e  U.S. 

~ ~ v i r o n ~ e ~ t ~ l  Pro tec t ion  Agency ( E P A )  o r  t h e  U.S. Department of Energy 

( D O E )  v ia  t h e  National Acid P r e c i p i t a t i o n  Assessment Program ( N A P A P ) ,  

t h e  New York S t a t e  Department of Envi  rorarnental Conservation ( 

t h e  E l e c t r i c  Power Research I n s t i t u t e  (EPRI), or the Empire S t a t e  

E l e c t r i c  Energy Research Corporation (ZSEERCO). In the opening 

se s s ion ,  r ep resen ta t ives  from each of t h e  above agencies  descr ibed 

aqua t i c  and watershed research prog'arns r e l a t ed  t o  t h e  workshop and 
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a r i r e d  t h e  f u t u r e  research  needs f o r  t h e s e  programs. [ A b s t r a c t s  o f  

t h e s e  p r e s e n t a t i o n s  a r e  i n c l u d e d  i n  Chapter  11; see J .  L. Malanchuk 

( € P A ) ,  J. W. Calquhoun (NYSDEC), D. 8. P a r c e l l a  ( € F O R I ) ,  and 

J .  6. Ho lsapg le  (ESEERCQ)] .  Al thaugh  t h e  d e f i n e d  purpose o f  each 

r e s e a r c h  program d i f f e r s ,  t h e  u l t i m a t e  g o a l  o f  t h e  research,  t h a t  o f  

i n c r e a s i n g  kno l edge  o f  t h e  e f f e c t s  o f  a c i d i c  d e p o s i t i o n  on a q u a t i c  

resources,  i s  t h e  same. Thus, t h e  b a s i c  research  need common t o  a l l  o f  

t h e  agencies i s  t o  comp i le  and e v a l u a t e  r e l e v a n t  d a t a  t h a t  w i l l  

c o n t r i b u t e  l o  t h i s  unders tand ing .  

For t h e  EPA, research  needs a r e  d i r e c t e d  toward conduc t ing  f u t u r e  

assessments, such as those  p lanned f o r  1987 and 1989 under NAPAP. The 

l a c k  o f  a complete i n f o r m a t i o n  base on the  e x t e n t  and mechanics o f  

a q u a t i c  impacts  across  t h e  U n i t e d  S t a t e s  prompted t h e  agency t o  examine 

approaches f o r  f u t u r e  r e g i o n a l  e x t r a p o l a t i o n s  t h a t  c o u l d  p l a y  an 

i m p o r t a n t  r o l e  in t hese  assessments. As a r e s u l t ,  t h e  s p e c i f i c  

research  needs i n c l u d e  t h e  development o f  r e l i a b l e  methodo log ies  and 

t h e  d a t a  resources  t o  s u p p o r t  t h e s e  methodo log ies  f o r  f u t u r e  

assessments. 

The NYSDEC a q u a t i c  research  program has been c o n d u c t i n  

research  and r e g i o n a l  surveys r e l a t e d  t o  unders tand ing  and d e f i n i n g  t h e  

e x t e n t  o f  a c i d i c  d e p o s i t i o n  i m  a c t o  on a q u a t i c  resources i n  t h e  s t a t e  

s i n c e  t h e  rnid-1970s. The research  covers a l l  re levant  bod ies  o f  water  

i n c l u d i n g  small, h i g h - e l e v a t i o n  l a k e s  and headwater streams, which a t  

t h e  p r e s e n t  t i m e  have been o m i t t e d  f r o m  t he  EPAiNAPAP-sponsored 

surveys.  Because t h e  s t a t e  o f  New York i s  c u r r e n t l y  commit ted t o  

c o n t r o l l i n g  emiss ions o f  a c i d i c  d e p o s i t i o n  p r e c u n o r s ,  t h e  NYSSDEC 
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program w i l l  cont inue i t s  long-term chemical and b io logica l  m o n ~ ~ ~ r i n g  

s t u d i e s  t o  document any changes t h a t  occur a f t e r  t hese  emissions a r e  

YSOEC f e e l s  t h a t  t he  f ede ra l  and o t h e r  s t a t e  ~ 5 v ~ r n ~ e ~ ~ ~  

i ~ p l e m ~ ~ ~  s i m i l a r  programs quickly t o  c 5 m ~ ~ e r n e ~ ~ .  the 

NYSDEC program. 

E P R I  conducts appl ied  research and ~ ~ v ~ ~ o ~ ~ e ~ t  f o r  t h e  e l e c t r i c  

u t i l i t y  indus t ry .  EPRI's Ecolsagica" S tudies  Program sponsors research 

t o  develop an in t eg ra t ed  view o f  ecologlca l  problems, such as  a c i d i c  

depos i t i on ,  and t o  develo equ i t ab le  s o l u t i o n s  f o r  u t i l i t i e s .  From 

EPRI's viewpoint, important research needs a r e  t o  determine t h e  

r e l a t i v e  con t r ibu t ions  of var ious p o l l u t a n t s  t o  environmental da  

i d e n t i f y  t h e  eco log ica l ly  damaging agen t s ,  u n d e r s t a ~ d  e ~ v i ~ ~ n ~ e ~ ~ ~ l  

rocesses  involved i n  a c i d i f i c a t i o n  and inc rease  t h i s  ~ ~ ~ e r ~ t a n ~ i ~ ~  by 

developjng models t o  s imulate  these  processes ,  and eva lua te  the  

e f f i c a c y  and economics of poss ib l e  mi t iga t ion  measures and cont ro l  

technologies .  

i nc rease  s c i e n t i f i c  understanding and c o n t r i b u t e  t o  f u t u r e  dec is ion  

~ a ~ i n g .  

E f f o r t s  include both bas ic  and appl ied research t o  

CO i s  committed t o  mul t ip le  i n t e r e s t s  such a s  ~ ~ ~ i ~ ~ n m e n t a ~  

rudent use of e l ec t r ' s c  r a t e  paye r ' s  d o l l a r s ,  and t 

~ i n ~ ~ n a ~ c e  o f  a heal thy indus t ry /publ ic  r e l a t i o n s h i p ,  As a r e s u l t ,  

ESEERCO has sponsored research on environmental a c l d i f i c a t i o n  and has 

a l s o  cont r ibu ted  Po ~ a r d w a r e  and opera t iona l  s t u d i e s  t o  reduce f o s s i l  

f u e l  ~ ~ ~ s ~ i ~ ~ ~ .  However, recent  l e g i s l a t i v e  a c t i v i t i e s  suggest ing the 

p o s s i b i l i t y  of add i t iona l  emission reduct ions have expedited ESEERCO's 

need f o r  s t u d i e s  t h a t  w i l l  help policymakers reach informed dec is lons  
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concerning t h e  need f o r  and t h e  n a t u r e  o f  f u r t h e r  r e d u c t i o n s .  T'hese 

s t u d i e s  must address such complex issues as de termin ing  t h e  r e l a t i v e  

c o n t r i b u t i o n  o f  a c i d i f y i n g  agents (both anthropogenic  and n a t u r a l  i n  

o r i g i n )  and assessing t h e  impact o f  a c i d i f i c a t i o n  on t h e  environment.  

The pr imary  o b j e c t i v e  o f  ESEERCOls research  program i s  t o  c l a r i f y  t h e  

role o f  u t i l i t i e s  w i t h  r e s p e c t  t o  environmental  a c i d i f i c a t i o n .  
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CHAPTER 11: 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. August 20, 1985 

8:00 a.m. Registration, John Freer Science Hall 

8:30 a.m. Opening Remarks 

0 Workshop Objectives and Organization - R. J. Olson 
e Welcome and Adirondack Park Agency Perspectives - 

H. F. Cole, J r .  

9:OO a.m. 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 outlining the goals o f  the workshop. 

0 The Adirondack Regional Case Study: A Component o f  
the 1985 Assessment of Aquatic Effects due to 
Acidic Deposition for the National Acid 
Precipitation Assessment Program - J. L. Malanchuk 
Empire State Electric Energy Research Corporation - 
J .  G. Holsapple 

e Acidic Deposition-Aquatic Effects Assessment 
Needs: Mew York's Position - J. W. Colquhaun 

8 ~~~0~~~ Research by the Ecological Studies Program 
at the Electric Power Research Institute - 
D, B. Porcella 

30:68 a.m. COFFEE LbREAK 

lQ:l5 a.m. SESSION 11: Data Resources - R. J. Olson, Chairman 

OFIJECTIVE: To describe the a v a i l a b l e  historical data 
resources Including survey designs, parameters 
measured, sampling/measurement problems, etc. 

A. Regional Surveys 
e Adironda.:k Lakes Survey Corporation - 

W .  A. Kretser 



b 

National Sur face  Water Survey - D. H. Landerr; 
Direct/Delayed Response Project - K .  W .  Phornton 
A Discussion of ChemScal Characteristics o f  
Adlrondack Lakes from t h e  Regional Integrated 
Lake-Watershed Acidification Study  - 
@. T .  Driscoll 

12:oo p.m. LUNCH 

1:30 p.m.  a .  kdater5hed t - i  hIJte§ 
0 S t a t e  University of New York (SUNY/Plattsburgh) 

bhte:-shed Research - G. K .  Gradendling 
New York S t a t 2  Adirondack Park Agency 
GeagraphSc Informlion System - R. P. Curran 

Q 'The Adirondack Nateershed D a t a  Base: A Resource 
f o r  Regiondl S t u d i e s  - 8 ,  J .  Olson, A .  E. Rosen, 

8 .  C. Dur-fee, P.  W. Coleman, 0. 1.. Wilson, and 
F .  6 .  Latham 

K .  A .  Cu'hceler 

6 5 ,  J .  Stensland 

C. 7 .  Ileifisaker, R. S .  i u r n e r ,  C. C. Bi-andt, 

@ Soil Conservation Service Soil Survey - 

8 Atmospheric Deposition in t he  F ? ~ r t h ~ ~ t  - 

C. Lake Data 
The hcidi f i  cation Cheni s t r y  InF arms. t i on  
Database - C. S .  Hoogendyk, N. F .  Gnur, and  
G. R .  Hrndrey 
Assessment of Fish Population Status in 
hdirondack Lakes Based on the F I N  ( F i s h  
Information Network) Data Base - J .  P .  Baker 
and T .  B. Harvey 
Mew York State  D e p a r t m w t  af  E n v i  rorrmental 
Conservation (NYSOEC) Fisheries - #.  H.  Pfieffer 
NYSDEC/Envi  rontnental Protection - A c i d i c  
Deposition Research  - H. A .  Simonin 
Paleoecological Reconstruction o f  Recent Lake 
Acidification: Preliminary Results from the 
P I R L A  Project - S .  A .  Morton, D .  R .  Whitehead, 
and 0. F .  Charles 

6:QO p . m .  EVENING SOCIAL 

5 : 4 5  - 7:OO p . m ,  PICNIC 
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Wednesday, August 21, 1985 

8:OO a.m. SESSION 111: S t a t i s t i c a l  and Process Hodels - 
W. Van Wink le.  Chairman 

OBJECTIVE: To d e s c r i b e  c u r r e n t  s t a t i s t i c a l  and 
process mode l ing  approaches t o  r e g i o n a l i z i n g  w a t e r  
c h e m i s t r y  and f i s h e r i e s  data,  i n c l u d i n g  a d i s c u s s i o n  o f  
t h e  s t r e n g t h s  and weaknesses o f  each approach. 

A. Overviews 
I, I n t r o d u c t i o n  - W. Van Wink le  
0 The Ro le  o f  S t a t i s t i c a l  Models i n  Reg iona l  

0 The Use o f  Pi-ocess Models i n  Regional  E x t r a p o l a t i o n  
Assessments o f  A c i d l c  O e p o s i t l o n  - S. W. Ch r i s tensen  

- K. W. Thorn ton  

9:30 a.m. COFFEE BREAK 

9:45 a.m. B. Panel D iscuss ion :  Ten-minute p r e s e n t a t i o n  by each 
panel  member,, f o l l o w e d  by d i s c u s s i o n  among panel  
members and p a r t i c i p a t i o n  by o t h e r  a t tendees  

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

11:45 a.m. SESSION I V :  Regfonal  Assessments (D iscuss ion  Groups) - 
3. P. Baker, Chairman 

OBJECTIVES: (1) To e v a l u a t e  t h e  advantages and 
d isadvantages  o f  a l t e r n a t i v e  s t a t i s t i c a l  and process 
mode l ing  approaches f o r  e s t i m a t i n g  changes i n  wa te r  
c h e m i s t r y  and f i s h e r y  resources .  (2) To reach a 
consensus, i f  p o s s i b l e ,  on o u r  b e s t  e s t i m a t e  o f  c u r r e n t  
and f u t u r e  impacts on s u r f a c e  water c h e m i s t r y  and 
f i s h e r y  resources .  

I, D e f i n i t i o n  o f  d i s c u s s i o n  group goa ls  and assignment 
of  i n d i v i d u a l s  t o  subgroups (10-15 per subgroup) 

12:00 p.m, LUNCH (subgroups remain t o g e t h e r )  

1:15 p.m. I, Subgroups meet 

2:30 p.m. COFFEE BREAK 

2:45 p.m. SESSION V: Pos te rs  and Demonstrat ions - N. S ,  Da i ley ,  
Chai man 

OBJECTIVE: 
development r e s u l t s  t h r o u g h  t h e  use o f  p o s t e r s  and 
pe rsona l  computer demonst ra t ions .  The p o s t e r s  and 
demons t ra t i ons  w i l l  p r o v i d e  r e l e v a n t  resources  f o r  t h e  
d i s c u s s i o n  group analyses.  

To p r e s e n t  d a t a  a n a l y s i s  and model 
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SESSION V: Posters and Demonstrations (continued) 

Adiiramdack Lakes Survey - J .  Nicollette! and C. Bell 

Adlrondack Regional Case Study: Relationships 
8etween Watershed Attributes and S.Jater Chemistry - 
C. T. Hernsaker, R .  J .  Olson, S, W .  Christensen, 
8 .  S .  Turner, A .  E .  Rosen, J .  J .  Beauchamp, 
R. C. Durfee, P, R. Coleman, 0. b .  Wilson, and 
F .  E. Latham 

Padiroi-adack Soil Survey Activities: Soil 
Copsewation Service - K .  A .  Wheeler 

AQUAFFECTS: A Menu--DrSven Hicro-Cornpi.>ter Program 
t o  Assess Regional Impacts o f  Acidic Deposition on 
Sur face  khters .- C .  G. Moogendyk and E .  Kaplan 

Data Base Development f o r  the N a t i o n a l  S t ream 
Survey - N. J .  Sa l e ,  J .  I?. Coe, and J .  Nessea 

Data Ccrllectlion For Testing Alternative Hypotheses 
Concerning Increased Acidification and Fisk 
Population Declines in Adirondack Lakes - 
G. K .  @wendling, 0. J .  Boguck2, K .  El. A d a m ,  and 
E. B e  Allen 

Geographical Tnformatisn Systems: A Too7 t o  Acidic 

and D. L. W i l s o n  
Deposition Studies - R. c .  Durfee, P. R .  Coleman, 

Model o f  AcSdificatian of Groundwater Catchments - 
B .  J .  Cosby, R .  F. Wright, 6 .  Hornberger, and 
E .  5. Kastetter 

The N a t i o n a l  Surface Water Survey Eastern Lake 
Survey: Data ~ ~ a ~ ~ ~ ~ ~ ~ ~ t  and Analysis - 
P. Kanciruk, T .  A .  Gregory, I_. A .  Hook, and 

Seasonal Variation in t.he Chemistry o f  Precipitation 
in the  Uni ted  States - G. J ,  Stensland and 

6:OO p.m. DINNER 

7:15 p.m. Optional Tour o f  APA Headquarters 
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Thursdaj, August 22, 1985 

8:30 a.n, SESSION IV: Regional Assessments (cont jnued)  

9r45 a.m. COFFEE BREAK 

10:30 a.m. SESSION IV: Regional Assessments (continued) 

0 Group leaders will present the consensus of  their 
group's disclssions and will participate in a panel 
discussion o f  the results 

12:OO p.m. LUNCH 

1:00 p.m. SESSION VI: Model Verification (Optional Tours) - 
G. K.  Gruendling, Chairman 

OBJECTIVE: Acidic deposition impacted s i t e s  will be 
visited for comparison with model predfctions. 

0 Tour A - C a w e  tour o f  the St. Regis klilderness 
Canoe Area near Paul Smith's College 

0 Tour B - Driuing/hiking tour o f  Whiteface Mountain 
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Sessions I - I V  



Kilkelly ~ ~ V i ~ Q ~ ~ e n t ~ ~  Associates, Inc. 
Raleigh, North Carolina 

and 

Todd B. Harvey 
Ad1 rondack Lakes Survey Corporation 

Ray Brook, New York 

A major goal of the National Acid Precipitation Assessment Program 
(NAPAP) is to quantify current and potential impacts of acidic 
deposition on fish resources. 
thorough understanding of the effects o f  acidification on fish, but 
also a regional data base on the dlstributisn and status of fish 
populations in surface waters sensitive to, or already impacted by, 
acidic deposition. A s  the first phase of this process, a formal 
framework for organization of a national data base on fish in 
acid-sensitive waters (FIN, Fisk Information Network) has been 
established. A l l  relevant data an 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. 

Such an assessment requires not only a 

Based on the FIN data base, we addressed a series of key policy 
questions regarding the acidity status of Adirondack lakes and 
potential effects o f  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 
i n  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.D have, however, as a group 
experienced a significant (P 5 0.05) decrease In pH over time. 

Changes in fish communities over time, and explanations for observed 
changes (including shifts i n  stocking policy, other flsheries 
management, and habitat alteration), were evaluated without reference 
to lake identity or water chemistry data. Ratings of fish community 
status were significantly ( P  .( .Os) correlated with lake pH. Th is  
correlation, while not proving ause and effect, adds credence to t 
argument that fishery declines have xcaarred in the Adirondaeks 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 t o  200-250, depending on the definition of "adequate evidence" f o r  
detection of effects. For Adirondack lakes in general, 400 t o  500 

rough estimates, and associated levels of uncertainly cannot be 
quantified. 

3 may have been adversely affected. These are, however, fairly 

LE OF STATISTICAL MODELS IN 
REGIONAL ASSESSMENTS OF ACIDIC  DEPOSITION^ 

Sigurd W. Christensen 
Environmental Sciences Division 

Oak Ridge, Yennessee 
ge National Laboratory 

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

process models represent two related, yet different, approaches to 
answering these questions. 

hat will happen under different scenarios? Statistical models and 

Statistical techniques that have Been used o r  are  being developed t o  
address these key questions include time-series analysis, cluster 
analysis, multiple linear regression, discriminant analysis, and 
logistic regression. Some disadvantages of these methods include 
difficulty in discerning cause-and effect relationships, limited 
regional applicability, lower accuracy than process models, and limited 
usefulness i n  predfcting future conditions. Compared with process 
models, Rowever, they can m o m  easi7y use available data, which often 
are less comprehensive than desired; and they cain be applied even in 
situations where understanding seems slot yet adequate t o  support 
substantive process modeling (e .g.@ fish presence/absence). 
Statistical models and process mo e l s  can and should be mutually 
supportive i n  regional assessments, 

'Research funded as part of the National Acid Precipitation Assessment 
Program by the U , S .  Environmental Protection Agency under Interagency 
Agreement Number DW89930858-01-2 ( D O E  40--1488-84), and by the Office of 
Fnvironrnental Analysis, U.S ,  Department of Energy, under Contract No. 
DE-AC05-840821400 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 af 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 Cornel1 University reported 
finding a number of acidified lakes in the Adirondacks in the 
mid-l970s, the NYSDEC initiated a synoptic chemical survey program 
covering over 1000 bodies of water from 1975 to 1983. 
NYSDEC i s  participating with the ESEERCO to conduct the Adirondack Lake 
Survey (see the description by Holsspple in this report). These 
surveys indicate the existence of a large number of low pbl lakes in the 
Adirondacks, and acidic deposition i s  suspected as contributing to the 
acidification process. While there are valid questions about basic 
acidification mechanisms, rates, and reactions, evidence is 
~ v e ~ ~ e l m ~ n g  that no improvement will occur without reductions in 
acidic deposition. Because the state of  New York i s  committed to 
controlling acidic deposition, the orientation of the NYSDEC aquatic 
effects assessment program has a different orientation than the fe 
program which calls for additional research in the form of “assessment 
needs (. ‘I 

Currently, the 

We consider the National Surface Water Survey, a federal program that 
currently utilizes a large share of the aquatic effects budget, as a 

ood example of  an identjfied “assessment needtt with very little 
existing water che 

an be readlly deter 

are acidic. In addition, no small lakes (7es 
f o r  survey even though ~a~~ references clear1 
~ i ~ ~ - ~ ~ e ~ a ~ i o n  lakes are p ~ r ~ ~ c ~ ~ ~ r ~ y  vulner 
were ~~~~~~d f o r  survey i n  t h e  northeastern 
many reports indicate t h a t  headwater. streams i n  sensitive areas are 
c ~ ~ ~ n ~ c ~ ~ 1 ~  acddic o r  experjence 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 
we1 1. 

a t  a very small percentage of  t 

e consider that the only t rue “critical assessment need” i s  to 
implement a long-term chemical and biological monitoring program t h a t  
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 YQrk, New Hampshjre, and Quebec are acting t o  
further reduce their emissions of  SO2 and NO,, and other states and 
provinces may soon impose similar reductions. 
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asymmetric. 
deposition. Initial acidification responses are slow, but quicken as 
deposition persists. Full recovery of the system following cessation 
of deposition takes more than twice as long as the original 
acidification. Initial recovery responses are rapid but they slow down 
as recovery proceeds. 

Acidification occurs approximately 60 years after onset of 

NEW YORK STATE ADIRONDACK PARK AGENCY 
GEOGRAPHIC INFORMATION SYSTEM 

Ray P. Curran 
Ad1 rondack Park Agency 
Ray Brook, New York 

The Geographic Information System (GIs) is a filing and data analysis 
system that organizes town planning maps, U.S. Geologic Survey (USGS) 
7-1/2 minute base maps, aerial photography, and special analyses such 
as so l l s  inventories in a comb’ined electronic and paper map filing 
system. It responds t o  a need for better technical services i n  the 
Agency’s programs - - local planning, regulatory revjew, and regional 

services, 
- - at a time when less money i s  available to provide these 

The GIs is used t o :  

e Store and organize file maps, agency operations information, 
and economic, demographic, and natural resource reference 
i n ~ o r ~ a ~ ~ o n  about t e A ~ ~ ~ o ~ d a c k  Park; 

e Generate new ~ n f ~ r ~ ~ ~ . i o n  b y  ~ ~ ~ b ~ n ~ ~ g  reference sources for 
campari sons w th other new i ~ ~ ~ r ~ a t ~ ~ n  ber 
the ~ ~ e n ~ y ,  s c h  as 1980 cewsus data and t 

e Support parkwide economic an envl  ronrnental tren 
providing rapid comparisons o f  new and historic i n f o r ~ t ~ ~ ~ .  
Wetlands and forest-cover inventories are currently under way. 

Operating Characteristics: 

e Software includes c stom-designed map and Image- 
programs, a s  well as an off-the-shelf data base manager, all 
operating in a CP/# operating system environment. 
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e Mapped information is stored in one-acre square grid units, 
with up to 15 characteristics recorded for any one map. Up 
t o  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. 

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

e Written and mathematical data are stored as in other 
computers. A written description of a location exceeding '95 
characteristics ma be linked to a map site in an " a t t  
file,'@ which is s t  re3 and analyzed separately f rom ma 
information. P r o j e c t ,  economic, or demographic information 
is similarly stored. 

The 4500 aerial photographs (scale f in. = 2000 f t )  that 
cover the Park for 1958 and 1978, respectively, are enhanced 
by digital land-cover information from Landsat for  1993 and 
1978 only. The system uses  data from the Landsat  satellites 
maintained for public use by NASA. T R l s  information provides 
an electronic false c o l o r  infrared pictiire measuring infrared 
rather than the normal vjsual color spectrume 

Wjprnen-f. Characteristics: 

Q Micro-computer base 

e Large electronic memory on fixed and removable discs (96 
megabyte 1 

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

48" digitizer capable of digitizing from YS DOT 1 :25O,OGO, 
USGS Quad, park facsimile, and other scaled maps wilth 
appropriate cartographic control 

e 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, eologic and hydropower sites; (5) 1973-1978 
forest-cover change; ( 5 )  state, town and county roads; (7) meso-level 
soil survey. 
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A t t r i b u t e  information:  ( 1 )  popula t ion ,  housing and employment f o r  
munic ipa l i t i e s  (1970 and 1980); ( 2 )  s o i l  a s soc ia t ion  i n t e r p r e t i v e  
information;  ( 3 )  agency app l i ca t ion  a c t i o n s ;  ( 4 )  spec ia l  i n t e r e s t  areas 
( h i s t o r i c ,  n a t u r a l ,  hydropower). 

F u n d i  ng: 

T h i s  system was  fund^^ i n  p a r t  by a g r a n t  From t h e  Land and Water 
Conservation F u n d ,  National Park Serv ice ,  U.S. epartment of t he  
I n t e r i o r .  

Charles T .  lbriscolll 
epartment o f  Civi l  E n ~ i n e e r j ~ ~  

Syracuse ~ n i v @ r ~ . i i t ~  
Syracuse,  New York 

The Regional In tegra ted  L a k ~ - ~ ~ ~ ~ ~ s ~ ~ e ~  Acidification Stu 
a 3-year study 1982-1985) funded by t h e  E’lec%r.iic Power 
I n s t i t u t e  and t e Ernpire S t a t e  E l e c t r i c  Energy Research 
The pr imary  ob j  c t i v e  o f  RSLtjAS was t o  eva lua te  t h e  processes 
regula t ing  t h e  water  chemistry i n  23 sur face  water s i tes  located 
throughout t he  Adirondack Region o f  New York, S i t e s  were se l ec t ed  t o  
encompass a wide range o f  c h a r a c t e r ‘ s t i c s ,  including geographic 
loca t ion  w i t h i n  t h e  Adirondacks, bedrock geology, s u r f i c i a l  geology, 

s i t e s  were monitore 
vege ta t ion ,  atad dra nage p a t t e r n  ( e . g . ,  ra inage and seepage) .  Study 

f o r  a wide range o f  waters  hed/s u r f  ace water 
h a r a c t e r i s t i c s ,  including wet depos i t i on ,  vege ta t ion ,  s u r f i c i a l  
~ ~ ~ o ¶ ~ ,  soSl chemistsy,  instantaneous d ischarge ,  w a t e r  chemistry,  and 

I t  was ev ident  t h a t  there o ~ ~ ~ n d  surrace-water-to-surfa~~-wa%er 
v a r i a t i o n s  i n  s e n s i t i v i t y  i f f e a t i o n  and a c l d i f l c a t i o n  
processes. Althou f f e rences  -in t 
o f  SO$- t o  t h e  Adi  
Adirondacks rece ive  the h 

heastern d i  rectiora) 
inor  as evidenced by 
rved i n  drajnage wate 

s e n s i t i v i t y  and water che 
flow paths and c o n t a c t  of 

eology. For example, t h e  presen 
rsfound ef fec ts  on wate 
i s  enriched I n  organic  
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and bind potentially 
are probably natural 
undoubtedly enhanced 

toxic forms o f  aluminum. These brownwater lakes 
y acidic, a though inputs af SO$- have 
this acidity. 

There i s  a distinct range in sensitivity of clearwater lakes t o  inputs 
of acidic deposition. This sensitivity i s  a function of f l o w  paths o f  
water through the catchment and/or the presence o f  weatherable minerals 
( e . g . ,  calcite), Seepage lakes isolated from the local water t ab le  are 
extremely sensitive t o  strong acid inputs because af minimal contact of 
water wjth the mineral soil and therefore minimal neutralization of 
acidity from the release o f  basic cations. 

Maters that drain shallow acidic soils a l s o  are sensitive t o  mineral 
acid inputs. In this soil environment, pools of exchangeable or easily 
weatherable basic cations are small and the retertion time o f  water i n  
the mineral s o i l  is short. Therefore, neutralization a5 HS input< is 
incomplete, resulting in the dissolution o f  AInb and t he  export o f  
ti* and  AI^+ t o  surface waters. 

If there i5 adequate contact of draincage waters with deeper iilineral 
soil ( e . g . ,  thick till) o r  an abundance o f  easily !-mtherable miinera?s 
(e.g., carbonate), basic  cations will be released t o  compensate mlt-ioral 
acid inputs in addition to neutralizing CO2 acidity in t h e  soil. 
These processes result in the complete neutraaimation of mineral acids 
and t h e  production of tic03 in solutian, 

Ihe sensitivity of surface w a t e r  t o  acidification largely depends on 
the e x t e n t  t o  which basic cations are released relative t o  inputs and 
retention o f  a c i d i c  anions. In t he  Adironclack Region, as the r a t i o  sf 
sulfate and nitrate equivalence in solution approaches and exceed.; the 
equivalence of basic cations, neutralizaticw of mineral acid inputs i s  
incomplete and there is significant export of potentially de?eterious 
a c i d i c  cations ( H f ,  A I n + )  t o  surface water. Although organic acids 
significantly contrihute to the acidity (and low pll values) o f  
brswnigater lakes, inputs of H2SQ4, and t o  a lesser extent HNO-J, 
a r e  the ~ ~ e d ~ ~ ~ ~ n a ~ t  mechanisms responsible for the acidification o f  
clearwater Adirandack lakes. 

STATE UNIVERSITY OF NE YORK (SUNY/PLATTSBUWGH) 
WATERSHED RESEARCH 

Gerhard K .  Grueradling 
Center For Earth and Environmental Science 

State University of New York 
Plattsburgh, New York 

Abstract not available. 
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EMPIRE STATE ELECTRIC ENERGY RESEARC 

Ernpi r e  S t a t e  E l e c t r i c  Energy Research ~ Q r ~ o ~ a t ~ ~ n  
Schenectady New York 

w York S t a t e ,  and more ~ ~ e ~ i ~ i c a l ~ ~  t h e  A ~ ~ ~ o ~ ~ ~ ~ ~  Park, has been one 
o f  t h e  f o c a l  po in ts  for ev l u t i n g  t h e  cause-and-e f fec t  r e ~ a ~ ~ o ~ s ~ d p  of 

m a c i d i f i c a t i o n .  ~ ~ e ~ Q n ~ ~ r a n c ~  o f  $ O W  i o n i c  ~ t r ~ ~ ~ ~ ~  waters ,  
raph i  c a l  "B~Qw~wIR~ locat ion t o  major I n d u s t r i a l  S O ,  and 
ters, and i t s  v a s t  s retchei; o f  mature  f o r e s t s  and 
iaag bogs, long cons1 s one of  the  most ~ a t ~ r ~ ~ ~  
i n  America, have mad d i rondack  area  an obv jous  

t i v e  c ~ n t r i ~ ~ t ~ o ~  o f  a c i  l f y i n g  agents,  b o t h  n a t u r a l  and 
ropogen ic  i n  o r i g i n ,  and t h e  impact  o f  a c i d i f i c a t - I o n  on Adirondack 

f o r  s c i e n t i f i c  r t t d i e s .  Such complex I ssues  as d e t e r m i n i n g  t h e  

f i s h e r i e s  a r e  o f  keen i n t e r e s t  t o  New York S t a t e  res idents ,  

I n  an a t t e m p t  t o  s a t i s f y  such var-ied New York e l e c t r i c  u t i l i t i e s '  
i n t e r e s t s  as ~ n ~ ~ r ~ ~ m ~ ~ t a ~  p ro tec t i on ,  p r u d e n t  use o f  e l e c t r i c  

ayers  I d o l  1ars t h e  ~ a ~ ~ t e r ~ ~ ~ ~ $  of a h e a l t h y  d n d ~ s t ~ ~ ~ ~ ~ b ~ i ~  
i o n s h i p ,  the  e i g  member e l e c t r i c  e n e r a t i n g  systems of the  
e S t a t e  Electric Ener ch G s r p o r a t i s n  {ESEEWC 

in exce55 O f  $8 o l l a r r  o v e r  the l a s t  s 
s a ~ ~ ~ ~ c ~ ~ ~  the s c o ~ ~ ~ ~ ~ ~ e ~  understan 

a ~ i ~ ~ ~ ~ ~ ~ ~ ~ o ~ .  I on, s u b s t a n t i a l  

u c i n g  fossil f u e l  s t a t i c n  emiss ions  ha 
Ipj5Clry G o n ~ r i ~ ~  ~ ~ r ~ w a r ~  and 

ew York u t i l i t i e s  i n  c o o p e r a t i o n  w i t h  such o r g a n i z a t i o n s  as t h e  
U . S .  E ~ v i ~ o ~ m e ~ ~ a 1  P r o t e c t i o n  Agency, t h e  U.S. Department o f  Energy, 
t h e  New York S t a t e  Energy Research and ~ e v e ~ ~ ~ ~ e ~ t  A d m i n i s t r a t i o n ,  and 
t h e  E l e c t r I c  Power Research I n s t i t u t e .  

c l e a r  i n c e n t i v e  f a r  
reach  an ~~f~~~~~ d 

t e  e l e c t r i c  u t i l i  

s c i e n t i s t s ,  po 
assessment need; 

utilities' r o l e  i n  d e a l i n g  wdth a q u a t i c  ecosystem a c j d i f i c a t i o n .  
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THE A C I D I F I C A T I O N  CHEMISTRY INFORMATION DA'TABASE 

C h r i s t o p h e r  G. Hoogendyk, N i c h o l a s  F. Grnur, 
and George R .  Wenclrey 

T e r r e s t r i a l  and Aqua t i c  Ecology D i v i s i o n  
Brookhaven N a t i o n a l  Labora to ry  

Upton, New York 

The A c i d i f i c a t i o n  Chemist ry  I n f o r m a t i o n  Database ( A C I D )  i s  a database 
of n a t i o n a l  p r o p o r t i o n s ,  w i t h  i n f o r m a t i o n  on -48,000 s t a t i o n s  and 
-900,000 s t a t i o n - d a t e  o b s e r v a t i o n s .  
and chemical  d a t a  and has been used f o r  a p r e l i m i n a r y  a n a l y s i s  o f  
tempora l  p a t t e r n s  i n  w a t e r  c h e m l s t r y  on a n a t i o n a l  s c a l e .  To improve 
t h e  ease and e f f i c i e n c y  o f  use f o r  t h e  FY 1985 assessment, separa te  
r e g i o n a l  databases were e x t r a c t e d  f o r  the  Adirandacks, t he  B l u e  Ridge 
Prov ince,  and t h e  upper Midwest.  The r e g i o n s  were d e f i n e d  65 polyg~rrs 
based on t h e  l o w e s t  a l k a l i n i t y  c a t e g o r i e s  o f  Omernik 's ' Io ta1 A l k a l i n i t y  
Map o f  t h e  United S t a t e s .  I n v e n t o r i e s  were made o f  t h e  d a t a  a v a i l a b l e  
i n  t h e s e  r e g i o n a l  po lygons,  and t h e n  f u r t h e r  d a t a s e t s  o f  p a r t i c u l a r  
i n t e r e s t  were added and e x t e n s i v e  q u a l i t y  assurance checks were made on 
a l l  t h r e e  r e g i o n a l  po lygons.  The Wd'-irondack database contai lns 
S c h o f i e l d ' s  1975 survey,  Don C h a r l e s '  1978-19'19 s u r v e y p  t h e  NYSDEC's 
1979 survey, t h e  New York Conserva t i on  Department 's surveys from t h e  
1 9 3 0 ~ ~  and n e a r l y  a l l  of the i n d i v i d u a l  d a t a s e t s  l i s t e d  by t h e  N a t i o n a l  
Research Counc i l  t r e n d s  commit tee as  h a v i n g  h i g h  q u a l i t y  da ta ,  i n  
a d d i t i o n  t o  o t h e r  data.  There a r e  about  100 s i t e s  w i t h  d a t a  f r ~ m  
STORE? and about  1800 s i t e s  w i t h  d a t a  f r o m  o t h e r  sources. O f  these,  
t h e  v a s t  m a j o r i t y  a r e  l a k e s ,  The A C I D  r e g i o n a l  database f o r  the 
Adirondacks i s  p r o b a b l y  the most  e x t e n s i v e  c o l l e c t i o n  o f  h i s t o r i c a l  
d a t a  on w a t e r  c h e m i s t r y  i n  t h e  Adi rondacks.  Due t o  both automated 
check ing and hand scanning o f  computer-generated c r o s s - l i s t i n g s ,  t h e  
d a t a  i t  c o n t a i n s  a r e  o f t e n  i n  b e t t e r  shape t h a n  t h e  a r i g i s r a l  source. 
( A l l  changes and c o r r e c t i o n s  w e r e  checked w l t h  t h e  o r i g i n a l  sources 
b e f o r e  being implemented).  

It c o n t a i n s  mainly  morphometr ic 

ADIRONDACK LAKES SURVEY CORPORATION 

W a l t e r  A .  K r e t s e r  
New York S t a t e  Department o f  Envi ronmenta l  Conserva t i on  

Ray Brook, New York 

The Adirondack Lakes Survey C o r p o r a t i o n  (ALSC), a n o t - f o r - p r o f i t  
o r g a n i z a t i o n  e s t a b l i s h e d  by t h e  New York S t a t e  Department of 
Envi ronmenta l  Conserva t i on  (NYSDEC) and t h e  Empire S t a t e  E l e c t r i c  
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Energy Research Corporation (ESEERCO),  initiated intensive survey 
efforts in 1984 to gather biolog5ca1, chemical, and physical data on 
approximately 1200 Adirondack bodics of water within a 3-year period. 

The goal o f  this study is t o  complete 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 a t  least 400 bodies of water are surveyed annually. 

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

Phase I1 field operations, conducted ~~~~~~ July and August, focus on 
each o f  t h e  40 t candidate bodies o f  water schedule 

a r  t o  gather detai Be water column chemistr 
~ ~ c ~ ~ ~ i ~ ~  temperature prof31 s and oxygen ~ ~ a s u ~ ~ ~ ~  
collected i s  analyzed for 21 different  pa^^^^^^^^ in an on-site 
~ ~ ~ o r a t ~ r ~  ~~~~~n~~ and equipp 
Phase 1x6. field operations inv ve ~ : ~ n ~ ~ ~ ~ ~ n ~  intensive f i s h e  
netting efforts in the fall o f  ach year on lakes and ponds t 
not previously sche uled during spring helfcopter  on^^ 

sgecifdcally to meet project needs, 

General j ~ f o r ~ ~ t i ~ n  such as location, elevation, sine,  owners 
s t a t u s ,  access, and and classifications are determined for each body 
o f  water surveyed. atershed size, lake volume, flushlng rate, 
shoreline length, and littoral z ~ n e  area are calculated. Bathymetric 
maps are prepared for each body of water. Maps are djgitized, platted, 
and stored on floppy disks in x-y coordinate data files. 

All field and o f f i c e  data generated are v e r i f i e d ,  valfdated, and keyed, 
utilizing on-site ~ i ~ r ~ c o ~ ~ u ~ ~ ~ ~  anc a remote mainframe computer t o  
support the data management software (SIR, Scientific Information 
Retrieval Inc. 1. 

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

Dixon H. Landers 
Environmental Research Laboratory - Corvallis 

U . S .  Environmental Protectlon Agency 
Corvallis, Oregon 

Abstract not available. 

THE ADIROMDACK REGIQNAL CASE STUDY: A CO 

NATIONAL ACID PRECIPITATIO 
ASSESSMENT OF AQUAllC EFFECTS DUE TO ACIDIC DEPOSITION FOR T H E  

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 assess ent was perfarmed in three potentially sensitive 
geographical regions: the Adirondack Mountains of New York; the 
Southern Blue Ridge Province of North Carolina, Tennessee, and Georgia; 
and the upper midwest o f  Flinnesota, Wisconsin, and Richigan. The 
Adirondack Regional Case Study i s  by far the most  complete. A series 
of 10 questions organized the assessment, and historical and ciirrent 
data from each reginn were employed i o  address the questions. Where 
possible independent data sets w r e  used singly and in combination 
within a given case sludy area to respond to the qwstions. Re5ponses 
t o  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 i pact of acidic 
deposition on aquatic resources I s  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 f aquatic resources. The 
extent o f  acidification, however, varies fro region t o  region. The 
Adirondacks appears t o  represent the region o f  greatest impact, but 
independent studies indicate t h a t  the area o f  acidified lakes is a 
small percentage o f  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 
Orono, Maine 

Donald R. Whitehead and Donald F .  Charles 
Indiana University 

Bloomington, Indiana 

The PIRLA project (Paleoecological Reconstruction of Recent Lake 
Acidification) i s  a multidisciplinary study involving more than 
twenty-five investigators at seven institutions. It is focused QP) 

lakes situated in four acid-sensitive areas of North America that 
currently receive aci eposition. The areas nclude New England, the 
Add rondac ks , t Great Lakes States, an northern Florida, 
The ~ u e ~ ~ ~ o n s  ed are: (7) have lakes in 
experienced acidificatian-related changes? ( 2 )  What i s  the ~agnitude~ 
c ~ a ~ ~ c t ~ ~ ,  and timing o f  the changes? (3 )  hat factors were 
responsible for  the  changes? P I R L E  investi ators are analyzing 
diatom, c h r y ~ ~ ~ ~ y t e ~ ,  pollen, charcoal, polycyclic aromatic 
~ ~ d ~ ~ c a ~ ~ ~ n ~  t o t a l  carbon hy rogen, nitrogen and s~slflar, carbon and 
sulfur isotopes,  and trace met Is and metal speciation from sediment 
cores. Dating i s  rovided by * IoPb and ~hro~~strati~raphic markers. 
pH reconstructions are based 0n diatom, chrysophyte, and water 
chemistry data from calibration s e t s  of modern lakes. 

~ i a t ~ ~ - i n ~ ~ r r e d  (01) ptd reconstructions f o r  four of five 
Adirondack PIRLA lakes indicate recent acidification. Big Moose Lake 
pH declined f r o m  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 2 
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 pM declines were associated with 
significant increases in percentage o f  acidobiontic diatom taxa. 
Little Echo Pond, a bog lake, has low-diversity diatom assemblages. 
Its DI pH has fluctuate 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 Sndicate increasing influence o f  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 E .  Rosen, Carolyn T. Hunsaker 
Robb S ,  Turner, Craig C. Brandt,2 Richard 6;. Durfee,$ 

Phillip R. C ~ l e m a n , ~  Donald L .  Wilson,3 and Fred E .  Lathama 
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 Adirandack Regional Case 
Study, which is part o f  the National Acid Precipitation Assessment 
Program (NAPAP) 1985 Assessment. The fully documented, integrated ADniDB 
will be available to assist other ongoing and long-term projects in the 
Region - 
The AWDR includes base data (e.g,, 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 t o  the acidic 
deposition issue and on their availability for the region; however, the 
data  base design anticipates the need t o  add new parameters and has the 
flexibility t o  reference data by units other than watersheds. The AMDB 
links data on a watershed's orphology, physiography, bedrock, soils, 
land cover, land use, wetlands, disturbances (cabins, fires, and 
logging), beaver activity, and atmospheric deposition b d i t h  the lake's 

istry and fishery s t a t u s .  

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 106-ha region and data are 
extracted for each watershed by overlaying the digital boundaries of  
the watersheds. Digital files are also used to calculate ne 

lResearch 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 o f  Energy, under 
Contract No. DE-ACO5-84OR21400 with Martin Marietta Energy Systems, 
Inc. 

2Science Applications International Corporation, Oak Ridge, 
Tennessee 37830. 

3Computing and Telecommunications Division, Nartin Marietta Energy 
Systems, Inc., Oak Ridge, Tennessee 37831. 
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such a s  s lope  and a spec t  from e l eva t ion  da ta  o r  ad jus ted  wet depos i t ion  
by overlaying concentrat ion contours  and p r e c i p i t a t i o n  contours .  So i l  
a t t r i b u t e s  o f  map u n i t s  were assigned by merging chemical/physical 
p rope r t i e s  using s o i l  s e r i e s  names. The F i s h  Information Network da ta  
base provides water chemistry and f-ishery s t a t u s  da ta  t h a t  were 
compiled from many surveys.  

common s p a t j a  c e l l s  used f o r  i n t e g r a t i n g  thematic data w i t h i n  the da ta  
base; t h e  AH0 conta ins  over 150 thematls. va r i ab le s  f o r  each 
watershed. T e SAS system provides da ta  management, s t a t f s t i c a l  
a n a l y s i s ,  and graphical  d i sp l ay  c a p a b i l i t i e s  f a r  t h e  AWDB. The 
Geographic Systems Group a t  Oak Ridge National Laboratory ~ O ~ N ~ )  
provides support  f o r  geographjc da ta  i n p u t $  ~ a n i ~ u l a t . ~ o n ,  analysis, and 
d i sp lay .  Data undergo x tens ive  q u a l i t y  assurance checks and 
documentation. The A ~ D  thematic da ta  w i l l  be dSstr-Fhuted as  e i t h e r  
SA$, “card image,’’ o r  PC (personal  ~ ; o ~ ~ u t ~ r ~  d i s k  data  s e t s  through t h e  
NAPAP Acid Data Deposition Network ( A D D N E T )  p r o j e c t  a t  OWNL. 

“Watershed u n i t s ,  as d e t e r m ~ n ~ ? d  from topo ’IC maps, a r e  the 

NEld YQRK STATE ~ € Q A ~ l - M E ~ ?  OF E N V l R ~ N M E ~ T A L  
~ ~ ~ ~ E ~ V A T ~ O ~  ( N Y S O E C )  FISHERIES 

Martin H. P f i e f f e r  
New ‘fork S t a t e  Department o f  E n v i  ronmental Conservation 

Ray Brook, New York 

Throug~out  t h e  yea r s ,  var ious New York S t a t e  governmental agencies were 
charged w i t h  f i s h e r i e s  resource conservat ion r e s p o n s i b i l i t i e s ,  The 
f i r s t  was t h e  Commission o f  Fisher-Fes which was e s t ab l i shed  i n  1868. 
It, along w i t h  several  agencies  that. succeeded i t ,  concentrated almost 
e n t i r e l y  on f i s h  propagation effor t : , .  These successors  included t h e  
F i she r i e s ,  Game and Forest  Commission; t h e  Fores t ,  Fish and Game 
Commission; and t h e  Conservation Canmission. The l a t t e r  was 
e s t ab l i shed  i n  1911 and while th i s  agency s t i l l  emphasized f i s h  
c u l t u r e ,  t h e  concept o f  b.iolagical surveys was f i r s t  4 n i t i a t e d  d u r i n g  
t h e i  r t enu re .  

T h u s ,  i n  1920, t h e  f i r s t  s t a t e +  ons’ored survey of Adi rondack lakes  
involved a study of Lake George!$ aqua t i c  resources ,  Under Dr. 
€ ~ e l ~ n e  Moaer’s d i r e c t i o n ,  t h e  Mew York s ta tewide  bio8ogical surveys 
were j n i t i a t e d  i n  1926. ?he ob jec t ive  o f  t hese  s t u d i e s  was t o  assemble 
a l a r g e  body o f  f ac tua l  da ta  r e l evan t  t o  aqua t i c  resource management 
and thereby t o  promote more e f f ec tdve  and l e s s  wasteful f i s h  s tocking 
programs. From t h i s  p o i n t  on, a s epa ra t e  watershed inves t iga t ion  was 
conducted each summer u s i n g  a l a rge  seasonal crew of  exper t  
s p e c i a l i s t s ,  mainly derived from t h e  academic world. The r e s u l t s  of 
t h e s e  surveys were published i n  r epor t s  dated t h e  year  following the 
survey e f f o r t ,  
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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 hawing a direct bearing on the 
Adirondack Region, including Lake Champlain (1929), St, Lawrence 
(1930). Bswegatchie and Black (1931), and upper Hudson (1934). The 
final watershed survey (bake Ontario) was completed in 1939. In a move 
t o  decentralize fish management efforts throughout the State, the first 
fish management offices were gradually established throughout the State 
and these were later converted t o  regional office designation, 

There are currently nine such major installations, most w i t h  satellite 
suboffices. The Adirondack regional responsibility is shared by 
Region 5 w i t h  headquarters at Ray Brook, covering the eastern portion, 
and Region 6 w j t h  headquarters in IrJatertown, 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 farmer Conservation 
Department was renamed the Department o f  E tal Conservation 
(DEC) in keeping with the Department's incr 
pollution and protecting the environment. Thus, specific DEC studies 
relating t o  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 biologica? investigation of lakes 
and ponds in three major Adirondack watersheds. 
designed t o  define the extent o f  the problein and provide a sound, 
up-to-date data base to help measure environmental changes and develop 
appropriate management strategies. 

This major study is 

ONGOING RESEARCH B Y  THE ECOLOGICAL STUDIES PROGRAM 
AT THE ELECTRIC PO ER RESEARCH INSTITUTE 

Donald B.  Porcella 
Electric Power Research Institute 

Palo Alto, California 

The Ecological Studies (ES) Program at the Electric Power Research 
1nst.itute (EPRI) sponsors research related to envi ronrnental problems of  
the electrical utility industry. 
deposition consists of  the seven major projects listed be low+ 
Currently, these projects represent a total of $37 million of 
contracted research. Each project was designed by a project manager Lo 
develop an integrated view o f  ecological problems and their solutions. 
In the process, utility advisors help to ensure that priority problems 

4Re ES effort 'In the fjeld of acidic 



Q
, 
L
 

a
m

 
v
)
 

c
c
r 

m
u

 
u
Q
)
 

'
r
)
 

-
8
 

.
L
 

Q
,Q

 

-I- 
a2 

v
c

 
cr 

@
 

L
e
e
 

vi 
o
w
 

I
-
*
 

o
c
 

8
,
 

0
 .I-

 
+

- S 
Q

,m
 

E
- 

O
S

 
u
 

Q
, 

>
)
r
 

l
-
-
+

 

n
 

a
o
 

i
n

-
-

 
. 

.
I
 

b, 
p
1
 

L
 

Q
, 

6
1
) 

m
 

C
 

CCI 
;5

: 

cu 
"c

 
-9

 

e
 
0
 

ad 
.r- 

-
6
 

.r 
P
 

ro 
c
 
0
 

m
 

Q
, 
b
 

.r- 
v
)
 

*
F

 
vi 
a2 
+ rc1 
L
 

E
 

T
J
 

0
 
0
 

c, 
VI 
L
 

a, 
W
 
e
 
3
 

m
 

U
 

f
 

6
 

.I-- b 
0
 %

 
0
 

-a 
E

 
rzI 

6
 

9" 
an 
4.J 

P
 

L
L

 E: 
0
 

.
r
 

+J 3 
2 cn 

-0
 

c
 

w 
b
 

5 4-J 
+J 
a
 

@
 

u
 
Z
 

L
 

a-, 
Q

) 
A

 

0
 

c, 

c
 

sr vi 

P '0 = L
 

Q
, 

*I-- 

sr v
)

C
L

 
v
)
 

G
 
0
 

u
 

Q
, 

O
L

 

a, 
A

 
m

 
F
- 

13 
a, 

rn 
@

 
0, 
c
 

a2 
>

 
m

 
c
 

0
a

2
c

a
 

*
P

O
 0
 E
 

A
 

m
 

W
 

0
 

c, 
v
) 

Q
, 

Y
 
.a 
P

 

r- N
 

r
-
 

L
 

m
 

Q
, 

Q
 
P
 

w 

m
 

=
I

.
 

+
- 

o
E
 

v
)
 

Q
, 

-
P
 

P
 

3
 

c, 
m

 
v
)
 

v
)
 

Q
, 

W
 
0
 

L
 
a
 

U
 
e
 

(0
 

b
 

M
 

v, 
Q

, 
u
 

8
 

b. 
Q

 

>
, 

aJ 
>

 
+J 
0
 

m
 

0
7
 

c
 

P
 

.C
 

L
 

Q1 
E
 

+J 

.P
 

c: 
8
 cc- 
0
 

+J 
X

 
a
 

C
I 
t
 
0
 
0
 

-C
 

U
 

Q
, 

Q
, 

Y
- 

Q
, 
L
 

fu 

cr) 
c
 
0
 (3

 E
 u 

sr 
rrr 

t
 
0
 

L
 

v, 
Q

 
3
 

b-4 

Q
: 

0, 
e
 

E 
Q

, 
@

 
v
)
 

+
O
 

.I- 
b
 

M
Y

-
 

m 

e 
e 

4
 



ORNL/TM-10044 28 

Lake A c i d i f i c a t i o n  F i s h e r i e s  (LAF) - J .  S. Wat t i ce ,  P r o j e c t  
Manager -- T h i s  p r o j e c t  has p r o v i d e d  q u a n t i t a t i v e  r e s u l t s  on the  
e f f e c t s  of v a r y i n g  pH, aluminum, and c a l c i u m  on d i f f e r e n t  brook 
t r o u t  l i f e  stages. S ince  t h e  f u n c t i o n a l  r e l a t i o n s h i p s  a r e  
n o n l i n e a r ,  s i m p l e  es t ima tes  o f  e f f e c t s  such as t o x i c i t y  cannot  be 
made. T h i s  s t u d y  w i l l  i n c l u d e  s i m i l a r  analyses f o r  t h r e e  o t h e r  
species:  ra inbow t r o u t ,  smallmouth bass, and w h i t e  sucker .  F i e l d  
d a t a  and a model w i l l  be p r o v i d e d  i n  t h e  f i n a l  p r o j e c t  r e s u l t s .  

* Aluminum B iogeochemis t ry  Study (ALBIQS) - R. A. Go lds te in ,  P r o j e c t  
Manager -- T h i s  i s  a geochemical s t u d y  o f  aluminum i n  watersheds. 
The work i s  c l o s e l y  a l i g n e d  w i t h  ALSS and RIL AS, b u t  i s  focused 
m o s t l y  on s o i l  i n t e r a c t i o n s  and t o x i c i t y  t o  t r e e s .  It w i l l  n o t  be 
d iscussed  f u r t h e r  i n  t h i s  workshop. 

e I n t e g r a t e d  F o r e s t  Study ( I F S )  - h .  F .  P i t e l k a ,  P r o j e c t  Manager -- 
T h i s  l a r g e - s c a l e  p r o j e c t  i s  concerned e s p e c i a l l y  w i t h  t h e  e f f e c t s  of 
atmospher ic  d e p o s i t i o n  on f o r e s t  n u t r i e n t  c y c l i n g .  
i n c l u d e  areas i n  t h e  U n i t e d  S t a t e s  (Adi rondacks,  Hew England, 81ue 
Ridge, Cascades) and i n  o t h e r  c o u n t r i e s  where c o n t r a c t o r s  and 
co -opera to rs  w i l l  f o l l o w  t h e  I F S  p r o t o c o l  ( U n i t e d  Kingdom, Norway, 
and A u s t r a l i a ) .  
t h e  workshop and w i l l  n o t  be d i scussed  f u r t h e r .  

F i e l d  s i t e s  

As w i t h  ALBIQS t h i s  p r o j e c t  i s  beyond t h e  scope nT 

There a r e  s e v e r a l  E P R I  d a t a  bases i n  p r e p a r a t i o n  o r  i n  r e v i e w  t h a t  may be 
of i n t e r e s t  t o  o t h e r  i n v e s t i g a t o r s .  Genera l l y ,  t h e  d a t a  w i l l  be a v a i l a b l e  
i n  ha rd  copy and/or magnet ic  t a p e  a t  t h e  c o n c l u s i o n  of t h e  research  
program. E P R I  p r o j e c t  managers should be c o n t a c t e d  i f  advance in format , ion 
i s  needed. The r e l e v a n t  d a t a  bases a r e  d e s c r i b e d  i n  Appendix 8: Data 
D e s c r i p t i o n s .  

LAKE RESOURCES AT RISK I N  THE ADIRONDACK PARK OF NEW YORK 

J e r r y  L. Schnoor 
Department o f  C i v i l  and Envi ronmenta l  Eng ineer ing  

The U n i v e r s i t y  o f  Iowa ( U I )  
Iowa Ci ty ,  Iowa 

M u l t i p l e  r e g r e s s i o n  models and t h e  s teady -s ta te  v e r s i o n  a f  t h e  
Tr ickle-Down model were used t o  p r e d i c t  t h e  l a k e  resources a t  r i s k  under 
d i f f e r e n t  a c i d  l o a d i n g s  i n  t h e  Adirondack Park. E r r o r  es t ima tes  were 
deterrndned based on a procedure o f  model c a l i b r a t i o n ,  v e r i f i c a t i o n  
( c r o s s - v a l i d a t i o n ) ,  and p r e d i c t i o n ,  A database ( U I  database) was corn 
f r o m  e x i s t i n g  d a t a  sources i n c l u d i n g  t h e  A C I D  database; r e p o r t s  by Maines 
and Ak ie laszek ,  and P f i e f f e r  and Festa;  t opograph ic  ma s ;  Nortan e t  al.'s 
bedrock maps; and t h e  GEOECOLOGY database. The UI database i n c l u d e s  f o u r  
w a t e r  q u a l i t y  parameters ( a l k a l i n i t y ,  pH, c o n d u c t i v i t y ,  and c o l o r )  and 23 
watershed d e s c r i p t o r s .  
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Watershed d e s c r i p t o r s  t h a t  were s i g n i f i c a n t l y  co r re l a t ed  w i t h  l ake  
a l k a l i n i t y  concent ra t ions  were bedrock t y p e ,  e l eva t ion  of t h e  lake ,  annual 
r a i n f a l l ,  watershed a r e a ,  l ake  su r face  a r e a ,  s o i l  pH and ca t ion  exchange 
capac l ty ,  and hydrogen ion depos i t i on .  Those t h a t  co r re l a t ed  inverse ly  
w i t h  lake a l k a l i n i t y  were e l eva t ion  o f  t h e  lake ,  annual r a i n f a l l ,  and 
hydrogen ion depos j t ion .  

The Trickle-Down mo el was coupled %it 
f l c i e n t s  a p r i o r i .  ean abso lu te  r ed ic t ion  e r r o r s  

were on t h e  order  of k8Q we /k ~~~a~~~~~~~ The model ended t o  "under 
p r e d i c t "  t h e  number o f  h igh  a l ~ ~ ~ ~ ~ i t ~  lakes  (>200 peg/L) and "over 
p r e d i c t 8 t  the  number of  lakes i n  t h e  a ~ ~ a ~ j ~ ~ ~ y  range from Q t o  40 p 

irondack Park,  ~ ~ p ~ ~ c a t i ~ n  o f  the ~ ~ i c k ~ e - ~ ~ ~ n  model wor 
e l l  a s  t h e :  mul t ip le  egression e ~ ~ ~ ~ i ~ ~  t o  p r e d i c t  a l k a l i  
ions o f  t h e  l akes ,  n e s t i m a t e  sf t h e  number of a c i d i c  lakes  i n  

r would inc rease  t o  46% i f  a c i d i c  d ~ p o s i ~ ~ o ~  were t o  double, and it 

egression models t o  es t imate  

the A d ~ ~ ~ ~ d a ~ ~  Park under* cur ren t  loading condi t ions  i s  IS%, b u t  the 

decrease t o  11% at half- loading.  

A ~ e t ~ o ~ o ~ o g y  was d e ~ e ~ o ~ e d  t o  es t j inate  t h e  ~ ~ ~ b @ r  of a c i d i c  lakes  
i n  any region under cairrent cond i t ions .  
~ ~ ~ - 1 ~ ~  veq/L) i s  e f o r  an l n d i v i  f a k e ,  b u t  ?t may be 
a c ~ e ~ ~ ~ ~ ~ ~  f o r  e s t  t r i b u t i o n s  of 1 by a l k a l i n i t y  c l a s s e s ,  

The p ~ ~ ~ i c t i ~ n  e r r o r  

The s t e a d y - s t a t e  T model can be coupled w j t h  m e r f t - l  
q u a t i o n s  t o  p r e d i c t  f: e  nu^^@^ of acid- ic  lakes un 

condi t ions .  U n f o r t u  a t e l y ,  i t  i s  slot poss ib le  t 
t e  f o r  p red ic t ion  a t  i f f e s e n t  l e v e l s  0% a c j d  l o a  

laboratory research ,  whole watershed m a n i p u l a t ~  ns,  and long-term records 
a r e  needed. Ca l ib ra t ion  of t h e  T ~ i ~ k l e - ~ o ~ n  mo el  t o  lakes  i n  many 

deposlttion may t e s t  t e P Q W ~  o f  t h e  model i n  a d i f f e r e n t  way. Further  
t e s t i n g  o f  t h e  model s recommended, e s p e c i a l l y  a s  t h e  National Surface 

t l oca t ions  and lakes  t h a t  rece ive  d i f f  r e n t  l e v e l s  of a c i d i c  

rvey database becomes a v a i l a b l e .  

N Y S ~ ~ C P ~ ~ ~ ~ R D N ~ ~ ~ T A L  PROTECTION - ACIDIC DEPQSITION RESEARCH 

Howard A .  Simonin 
New York S t a t e  Department of Environmental Conservation 

Rome, New York 

Bureau o f  Environmental Pro tec t ion  iaersonnel have been Involved w i t h  
a c i d i c  depos i t ion  research s ince  1980. 
stream f i s h e r i e s  surveys,  lake and stream water chemistry monitoring, 
eva lua t ions  o f  Adirondack pond water t ransparency,  and ex tens ive  i n  situ 
bioassays.  

Pro jec ts  have included Adirondack 
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Many sma l l  Adirondack streams e x h i b i t  low pH, h i g h  monomeric a l u  
l e v e l s  d u r i n g  p e r i o d s  o f  h i g h  f l o w ,  and i t  i s  t h i s  poor water q u a l i t y  t h a t  
s e v e r e l y  l i m i t s  f i s h  p o p u l a t i o n s ,  
i n t e n s e  r a i n s t o r m s  may be as i m p o r t a n t  as  those  t h a t  occur as a r e s u l t  o f  
snobmelt  i n  Adirondack s t r e a m .  Waters t h a t  a r e  da rk  i n  c o l o r  and have 
h i g h  l e v e l s  o f  d i s s o l v e d  organic  carhon were found t o  be l e s s  t o x i c  t o  
f i s h  t h a n  c l e a r  waters. 

Summer and f a l l  pM depress ions due t o  

In s i t u  b ioassays demcnstrated that.  w b i e n t i  w a t e r  q u a l i t y  i s  t o x i c  t o  f i s h  
i n  some Adirondack s t reams.  Creek chub and blacknose dace are  more 
s e n r i t i v e  t o  ac'sd w a t e r s  than a r e  brook t i - o u t  and l a k e  t r o u t .  C r i t i c a l  
l i f e  s tages were found t o  be Atupon h a t c h i n g "  and "early f e e d i n g "  f r y .  
Y e a r l i n g  and a d u l t  f i s h  u e r e  s u r p r i s i n g l y  s e n s i t i v e  t o  a c i d i c  waters, 
resul l i n g  i n  q u e s t i o n s  concern jng  f i s h  p o p u l a t i o n  response arid t h e  
e f f e c t i v e n e s s  o f  s t o c k i n g  programs i n  t hese  wa te rs .  

AlWIOSPHEMIC DEPOSITION I M  THE NBR7MEAST 

Gary J .  Stensland 
Atmospher ic Chemist ry  Sec t ran  

I 1  1 i n o i  s S t a t e  #a% e r  Survey 
Charnpai gn I1 1 i n o i  s 

T h l s  paper discusses f o u r  areas ( s p a t i a l  pa t t e rns ,  seasonal  v a r i a t i o n s ,  
time tr-ecds, and problems) i n  t h e  d e p o s i t i o n  database f o r  a p p l i c a t i o n s  t o  
aquatic systems model ing f o r  s p e c i f i c  lakes. 

S p a t i a l  p a t t e r n s  o f  i o n  concentration and d e p o s i t i o n ,  f o r  se?ec ted  i o n s ,  
a r e  presen ted  f o r  i n d i v i d u a l  years from 19817 t o  1984. Averages f o r  t h e  
1978 t o  1984 p e r i o d  are  a l s o  presented.  The p r i m a r y  database used i s  t h a t  
f rm t h e  N a t ~ o r i a l  Atmospher ic D e p o s i t i o n  ProgrardWat ional  Trends Network 
( NADP/NT $4) . 
l h e  1 i r n l t . d  database on t i m e  t r e n d s  i n  d e p o s i t i o n  i s  c r i t i c a l l y  reviewed. 
L i m i t a t i o n s  i n  p r e - 1 9 1 8  d a t a  a r e  rev iewed t o  i n d i c a t e  why t h e  pre-I950 
data  are  n o t  v e r y  u s e f u l  and why much o f  t h e  data  f r o a  the  1950s t o  
rn id - I970 a r e  c o n t r o v e r s i a l .  

I n  c o n t r a s t  t o  t h e  s$her t o p i c s ,  the d i s c u s s i o n  on seasotial v a r i a t i o n s  
addresses p a t t e r n s  f o r  t h e  e n t i r e  U n i t e d  S t a t e s .  I t  i s  shown t h a t  a l l  o f  
the  i o n s  have seasonal p a t t e r n s  and t h a t  t h e  s e a s o n a l i t y  i s  g e n e r a l l y  
s t r o n g e s t  i n  t h e  Rocky Mountain reglon. 
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THE USE OF PROCESS MODELS IN REGIONAL EXTRAPOLATION 

Kent W .  Thornton 
Ford, Thornton, Norton & Associates 

L i  ttle Rock, Arkansas 

Process models, as wjth all models, represent abstract simplifications of 
s .  Al l  models are developed to achieve specific 
hese objectives must be known and explicitly stated far 

e r  use and app~i~atiQn o f  these odels f o r  regional extrapolation, 
r a?  factors to consider in evaluating process  model^ f o r  
a m a I i ~ a ~ ~ ~ ~  include: 

Objectives sf  model development 
* Process forrnulatlons 
e Time and length scales of individua process formulations 
8 Prototype system 
e A s ~ ~ m ~ t ~ o n s  

AGIC, and Trickle-Down) were dewelcaged 
he? effects o f  acidic deposition on surf 

~~~~~~~~~~ The objectives a$ model d ~ ~ ~ ~ o ~ ~ ~ n t ~  however, wer 
f o r  all three models. These differing objectives result in different 
s p a t i a l  and temporal resolution, different process formulations, and 
~ i f ~ e ~ ~ ~ ~  capabilities f o r  regional extrapolation, ~ ~ ~ ~ ~ ~ i ~ a r y  
evaluations 'sndicate the ELWAS model is ~ p ~ ~ o p r i a t e  f o r  episodic and 
annual extrapolations, while the M A G I C  and Trickle-Down models are 
appropriate for annual and long-term extrapolation, 

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

DIRECT/DELAYED RESPONSE PROJECT 

Kent W. Thornton 
Ford, Thornton, Norton & Associates 

Little Gock, Arkansas 

Surface water chemistry of some systems may respond relatively quickly to 
changes in atmospheric inputs ('@direct response" systems'). Other systems 
may respond over much longer time scales (10 to IO0 years = "delayed 
response'' systems), or they may show no response for centuries o r  
millennia (I4capacity protected" sys%ems). The current geographic 
distribution o f  these types of  systems and their future responses t o  
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chanqcs i n  at i r iospher ic i n p u t s  i s  a t o p i c  o f  v i t a l  concern  t o  t h e  N a t i o n a l  
Ac id  Prcc i p i l d t i o n  Asscrsment Program and t o  E P A .  U i s i r i b u l i o n s  among 
d i r u c t  r espon ie ,  de layed  response, and c a p a c i t y  - p r o t e c t e d  systems a r e  
based on t h e  t i m e  sca les  ove r  wh ich  systems i n  each cateqoi-y a r e  expected 
t o  reach an a c i d i c  s teady  s t d t e ,  g i v e n  c u r r e n t  l e v e l s  o f  a c f d i c  d e p c s i t i o w .  

1 tie U i  r ec t /Ue layed  Kc\potrse P r o j e c t  (DUK?) assumes t h a t  a tmospher ic  
dcporit i o n  o f  s u l f u r  p l a y s  t h e  p r i n c i p a l  r o l e  i n  c o n t r o l l i n g  l o n g - t e r m  
a c i d i f i c a t i o n  ( yea rs  or decades) o f  s u r f a c e  w t e r s .  1 h i s  range o f  
p o l r r i t i a l  e f f e c t 5  ( d i r c c t  vs de layed)  on s u r f a c e  wa te rs  hac, c l e a r  a n d  
s i g n i f i c a n t  i m p l i c a t i o n s  t o  p u b l i c  p o l  i c y  d e c i s i o n s  on p o s s i b l e  a d d i t i o n a l  
erri ibsions c o n t r o l .  

l h c  o v e r a l l  g o a l s  o f  t h e  O D K P  a r c  t o  reduce t h e  u n c e r t a i n t i e s  i n  c u r r e n i  
u n d c r s i ~ ~ n d i n y  o f  e f f e c t s  o f  a c i d i c  d e p o s i t i o n  on s u r f a c e  water c h e m i s t r y  
and p r o v i d e  e s s e n t i a l  i n p u t  f o r  p u b l i c  p o l i c y  d e c i s i o n s  on t h i s  i s s u e .  

l he  f o l l o w i n g  s p e c i f i c  o b j e c t i v e s  s t e m  f r o m  t hese  t w o  g o a l r :  

charac te i - i / e  t h e  v a r i a b i l i t y  o f  s o i l  and o t h e r  wa lc rshed  
c h a r a c t e r i s t i c s  ac ross  t h e  r e g i o n s  o f  concern;  

Q determine which  o f  t h e s e  s o i l  and watershed c h a r a c t e r i s t i c s  a r e  iriosl 
s t r o n g l y  r e l a t e d  t o  s u r f a c e  w a t e r  chemis t r y ;  

e s t i m a t e  t h e  r e l a l  i v e  impor tance o f  key  watcr5hed processes i n  
contr-o1 l i n g  surfac-e w a t e r  c h e m i s t r y  a c r o s s  the reg io r is  o f  coriccrr i ;  
and 

c l a s s i f y  a sample o f  watersheds a s  d i r c c t  re%porise,  de layed  response, 
o r  c a p a c i t y  p r o t e c t e d  ( t o  t h e  degr-$be t h a t  i s  r c i c n t i f i c a l l y  
d e f e n s i b l e )  and ex t r l :po la te  t h e  resul I s  f r o m  t h e  sample o f  watersheds 
t o  t h e  r e g i o i i  o f  concern  (i . e . ,  numbcr o r  a rea  o f  l akes  and nilrnber o f  
rni l e s  o f  r t rcmis  i n  d i f f e r e n t  responie clarse:).  

7he reg io r is  o f  co r i i e r i i  f o r  the  DDKP a r c  t h e  n o r t h c d s t e r n  U n i t e d  S t a t e s  arid 
t h e  southwestern  p o r t i o n  o f  t h e  Blue R'ldgr P rov ince ,  commorrly c d l  led t h e  
"Southern  B l u e  Ridge Prov ince . "  

A v a r i e t y  o f  da ta  s o i i r c e s  a n d  methods o f  a n a l y s i s  w i l l  be used t o  addrec,s 
each o f  t h c  f o u r  o b j e c t i v e s  above. -[he d a t a  Four-ces i n c l u d e  c x i s t i n g  d a t a  
( e . q . *  NSWS, ADUNF.1) and d a t a  t o  be c o l l e c t e d  t h r o u g h  sampl ing  o f  
watershed s o i l s  on B r e g i o n a l  s c a l e .  l h e r c f o r e ,  a c r i i c i a l  p a r t  o f  t h e  
DDRP w i l l  be t o  map s o i l s  and watershed c h a r d c t e r i s t i c s  o f  a 
r e p r e s e n t a t i v e  StJKiple o f  150 t o  700 waierLheds, and t o  p e r f o r m  d e t a i l e d  
p h y s i c a l  and chemica l  ana lyses  on samples o f  most s o i l  series found w i t h . i n  
t h e s e  watersheds. Once t h e  s o i l  su rvey  i s  complete,  a d e s c r i p t i o n  o f  t h e  
v d r i a b i l i t y  i n  s o i l  and watershed c h a r a c t e r i s t i c s  ( O b j e c t i v e  I )  can be 
dcve lopcd.  
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l h e  proposed levels of analysis f a l l  into three groups or ’levels: 

Level I .  System Description 
* statistical descriptions of  the variability in soil 

characteristics within and among watersheds, sail t y p e s ,  and 
geographic regions; 
evaluation o f  the input-output balance o f  sulfate in the 
National Surface Mater Survey watersheds; and 

0 indices o f  watershed s o i l  content. 

Level 11. Single Factor Response Time Estimates 
0 time lo steady state in sulfate adsorption in soils; 
* lime t o  reduction of  soil base saturation (assuming different 

weathering rates) la a crjtical value; 
a lime o f  travel and residence time in watershed soils; and 
e estimates of mineral weathering rates. 

Levc 1 I I I .  Dyriami c Systems Moc e l  i ng 
integration o f  major processes to predict changes in soil 
conditions and surface water chemlstry over time (using existing 
models applied t o  represertative, intensively studied 
watersheds); 
sensitivity analyse5 o f  medel predictions, given regional 
variability i n  soil and watershed characteristics; and 

0 classification of t h e  resporise time o f  watersheds included in 
t h e  soil survey. 

These three levels o f  analysis will be integrated along with estimates of 
uncertainty in classifying the system response as direct, delayed, or 
capac4ty-protectrd. ‘ihir classification rule will be used to classify, 
first, the  response categories o f  the DDRP soil survey watersheds. 
Because t h e s e  watersheds were relecled using a probability rampling frame, 
the  O D R P  watershed response categories can  be extrapolated t o  the Phase I 
National I akes Survey lakes and National Stream Survey streamr and 
watersheds. Regional estimates for the northeastern United States and t h e  
Southern Blue Ridge Province can be made using the expansion factors for 
these t w o  surveyr. 

SOIL CONSERVA’I ION SERVICE SOIL S U R V t Y  

Keith A .  Wheeler 
Soil Conservation Service 

Syracuse, New York 

lhe  So i l  Conservation Serv’,ce has been given the national responsibility 
to prepare soil surveys on nonfederal lands. Through a multiagency 
cooperative agreement, the Environmental Protection Agency is attempting 
to determine the probability of the direct and delayed effect o f  acidic 



r a in  or1 lakes i n  t h e  nor theas te rn  U n i t e d  S t a t e s .  Many factors.  of 
buf fer ing  a c i d i t y  i n  s o i l s  have becn recoyrti/ed, b u t  t h e r e  a r e  remaining 
vdriarices i n  lake a l k a l i n i t y  t h a t  canriot be explained through typ ica l  s o i l  
bufferirig -soi  1 water pe rcu la t e  r e l a t i o n s h i p s .  A s o i l  survey of s e l ec t ed  
w a l e r s h e d s  was d o n e  t o  present  mu l t ip l e  f a c t o r s  f o r  c o r r e l a t i o n  w i t h  lake 
a l k a l ' l n i l y  l e v e l s .  l h e s e  f a c t o r s  may then be general i7ed t o  pro jec t  
regional  t r e n d s  through t h e  use of s tandard soi  1 c o r r e l a t i o n  procedures.  
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B .  Jack Costly, R icha rd  k .  W r i g h t ,  George I- lorr iberger, 
and Fdwdrd B .  Hast-etler 

Ucpartrsicrlt o f  knv i  ronrnental S c i e n c e s  
U n i v e r s i t y  o f  V i r g i r i i a  

C h a r l o t t e s v i  l l e ,  V i r g i r i i a  

A b s t r a c t  n o t  a v a i l a b l e .  

D A I A  C O I  I F C I I ( S N  I O K  1tSIlNG A L I t H N A I I V t  I 1 Y W I H t S F 5  C O N C t R N l N C  
I N C K I  ASt U A C 1 0 1 t  l C A l  I O N  ANI) I lSll POPlJl A I  I O N  O F C l  INCS 

I N  A D I H O N D A C K  I A K f S  

Gcrhard K .  Grucr id l ing ,  Uorrald J .  Rogucki, 
Kenneth f 3 .  A d d m i ,  and F i lecn B .  A 1  le r i  

C c n l c r  fo r  r n r t h  arid Fnvirortniental  Scieri(.c 
S l d l c  U n i v c r i i t y  o f  New York 

P l a l t \ h u r g h ,  New York 

Keprusen ld t  i v e  m a p s  arid ~ c r i ~ i l  p h o t o y r d p h \  from r c r e a r c h  coriducted ;il 

t h e  S t a l e  U n i v e r i i t y  o f  Neu York/Plnl t shu rgh  i 1 l u s t r a l e  cxiinlf)les o f  
Adirondd( k w l l a r i d s ,  f o r p i t  cove r  t ypes ,  beaver a c t i v i t y ,  and 
d i s t u r b a n c e  h i s t o r y .  'Ihe i iat(3 have bccn i n c o r p o r a t e d  i n t o  t h e  Kat larial 
A c  i d  P r e c i p i l d l  i o n  Aisesrriicr,t P r o g r m ' s  Adironddck Sri'aIfhrshcd Data  Hast 
(5ec R .  J .  Olson e t  a l . ,  t h i s  workshop). 

R i c h a r d  C .  Uu r fec ,  P h i l l i p  H. C O l e K I i i n ,  
arid Ooria I d  I . .  W i  1 sori 

M a r t i n  Mnrietllt Fneryy System\ ,  l n c .  
Oak H idye  N a t i o n a l  I a h o r a t o r y  

Oak Ridge,  l e r i r i e r rec  

Computer and I e 1 ec oniniii i) i cii t i oris U'I v i  s i on 



Chris topher  6 .  I-loogendyk arid rdward K a p l a n  
l e r r e s t r i a l  and A q u a t i c  Ecology Division 

Rrookhaven N a t i o r i a  1 I ahoratory 
Upton, New York 

R program has bern devillopcd t h d t  i n t e g r a t e s  d a h  r e t r i eved  from a 
l a rgc  s c a l e  da tdbas r ,  a c h o i c e  o f  aquat ic  chcrnisJry models, a choice o f  
f i s h e r i c s  models, a n d  graphica l  output w i t h  analytical feaiurcs l o  
a \ s c \ s  the  cffec11, o f  a c i d i c  d e p o s i t i o n  on t h e  su r face  waters o f  a 
r cg ian ,  i n  t h i s  case t h e  Adirandack S t a t e  Park, New York, I h e  program 
runs on an  I R M  f’C nnd i s  complelely menu driven a n d  designed 50 t h a t  an 
ind iv idua l  who has DO expcrience w i t h  computers can e a s i l y  run  i t .  l h e  
d d t a  a r c  from 6 0 3  l a k e s  i n  1tic Ad i randacks  and were r e t r i eved  from the 
Ar i d i f i c d l  i o n  Chemistry Inforntal ion Database ( A C I L I )  ~ Aquatic chemistry 
rrrczd~ls c u r r e n t l y  included are those o f  l f cn r ik ren  a n d  Schnoor  f o r  Lhe 
< ic id i f i ca l ion  o f  lakes, f i s h c r i e s  ncsdeliwq i s  ba5ed e i t h e r  or1 a 
log is t ic ,  rnodcl o r  015 c r i l i c a l  pH values f o r  t hc  s u r v i v a l  a n d  
rcyroductiorr of brook trout a n d  l a k r  t r o u t ,  based on exper t .  judgmcrst. 
O u t p u t  i s  presented i n  t~t-w, o f  prob t ib i l i t y  d e n s i t y  func t ions  of plJ and 
a l k a l i n i t y  f o r  t h e  reg ion  sca lrd  t o  t h e  total wurribcs o f  l a k e r .  
G r a p h i c a l l y  o r i e n t e d ,  menu driven i n t ey rd t ion  i s  avdilable t o  a r r i v e  a t  
i h c  number o f  lakes w i t h i n  any i n t e r v a l  on e i t h e r  graph. C h o i c e  o f  
~ ~ e l s ; ,  parameter va lues ,  srid fufur;?.  deporition l c v e l s  can e a r i l y  b e  
changed i o  assess the  behavior o f  t ?e  models a s  well a r  the r e s u l t s  o f  
d - i f f e r e n t  r ccna r ios .  

C arolyn 7. Hunsaker, Richard 3 .  Olson, Sigurd W .  Chris tensen,  
Robb S. l u r n e r ,  Aaron F .  Hosen, John J .  Beauchamp, 

R i c h a r d  C ,  D u r f e t ,  f%hill ip R .  Coleman, Donald I - .  Wilson, 
arrd Fred F.. Latham 

Env i  ronmeni a 1 Sciences D i  vi s ion 
Oak Ridge N a t  i s r i a 1  Laboratory 

Oak Ridge, 1 enrres~ee 

lhc National Acid P r e c i p i t a t i o n  Assessment Program i s  performing a 
na t iona l  asserwicnt o f  c u r r e n t  e f f e c t s  o f  a c i d i c  depos i t ion  f o r  
Congre5s. A por t ion  of t h i s  arse rs r i en t  focuses  on t h e  e f f e c t s  o f  
a c i d i c  d e p o s i t i o n  on lake chemistry i n  the Adirondack Region o f  t h e  
s ta le  of  New York. Oak Hidgc rvational l a b o r a t o r y ’ s  r e s p o n s i b i l i t i e s  
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i n c l u d e  deve lop ing  and docurrierit i r ig t h e  Adirondack Watershed Data  Base 
(AWUH) arid u s i n g  t h i s  i n t e g r d t e d  d a t d  base t o  i d e n t i f y  r e l a t  i o n s h i p s  
between wdtershed a t t r i b u t e s  and l a k e  c h e m i s t r y .  

l t i e  p r i m a r y  o b j e c t i v e  o f  t h e  Adirondacks s tudy  i s  t o  deterrr i ine, on a 
r e g i o n a l  s c a l e ,  t h e  wa te r rhed  a t t r i b u t e s  t h a t  account  f o r  v a r i a b i  l i l y  
i n  l a k e  pl i  arid a l k a l i n i t y ,  arid subsequent ly ,  i n  f i s h  p o p u l a t i o n  
s t a t u s .  R e l n l i o n s h i p s  developed by s t a t i s t i c a l  ana lyses  a r e  used t o  
a 5 s e 5 s  t h e  > t a t u s  o f  a d d i t i o n a l  l a k e s  i n  t h e  Ad i rondacks .  S i n g l e  
heddwater l akes  r a t t i e r  t h a n  lakes  l i n k e d  by wet lands  o r  stream3 were 
\ e l e c t e d  f o r  i n i t i a l  a n a l y s i s .  I h e  AdnllIB l i n k s  d a t a  on a wate rshed 's  
niorphology, phys iography ,  bedrock ,  s o i l s ,  l a n d  c o v c r ,  we t lands ,  
d i s t u r b a n c e s  (number o f  cab-ins and f i r e s ,  and t h e  l o g g i n g  a c t i v i t y ) ,  
beaver a c t i v i t y ,  l and  use, and a tmosphcr ic  d e p o s i t i o n  w i t h  a l a k e ' s  
wa t t \ r  c t i e n i s t r y  and f i s h e r y  statu\. 

B i v a r i a t e  and m u 1 1  i v a r i a t c  s t a t i s t i c a l  t echn iques  a r e  used t o  de termine 
r e l a t i o n s h i p s  between watershed c h a r a c t e r i s t i c s  and l a k e  chemis t r y .  
Spearnian rank  c o r r e l a t i o n s ,  t - t e s t s ,  con t i ngency  t a b l e s ,  and 
n o r i p a r m e t r i c  one -way a n a l y s i s  o f  v a r i a n c e  a r e  used t o  t e s t  " p o p u l a r "  
hypotheses about  a c i d i c  d e p o s i t i o n  ( e . g . ,  t h e r e  i s  a s i g n i f i c a n t  
d i f f e r e n c e  betwecri t h e  pH and a l k a l i n i t y  i n  t h e  l a k e s  o f  watersheds 
w i t t i  a h i g h  percentage of c o n i f e r o u s  v e g e t a t i o n  versus  t h o s e  w i t h  fewer  
c o n i f e r s ) .  M u l t i p l e  l i n e a r  r e g r e 5 s i o n  (W1.R) and d i s c r i m i n a n t  a n a l y s i s  
techn iques  a r e  used t o  deterr i i ine m u l t i v a r i a t e  r e l a t i o n s h i p s  between 
l a k e  pH and a l k a l i n i t y  u s i n g  34 watershed v a r i a b l e s  f o r  a p p r o x i m a t e l y  
700 l a k e s .  

l h r e e  water3hed v a r i a b l e 5  ( w e t  hydrogen i o n  d e p o s i t i o n ,  l a k e  e l e v a l i o n ,  
a n d  percentage o f  watershed i n  c o n i f e r s )  a r e  s e l e c t e d  c o n s i s t e n t l y  by  
b o t h  t h e  M1.K and d i s c r i m i n a n t  ar id lyses a s  t h e  s t r o n g e s t  p r e d i c t o r s  o f  
b o t h  l a k e  pl i  and a l k a l i n i t y .  l a k e  area ,  s o i l s  w i t h  a s l o p e  >25%, and 
percentdge o f  watershed i n  rock  o u t c r o p  f r e y u e n t l y  show a s i g n i f i c a n t  
r e l a t i o n s h i p  i n  m u l t  i v d r i a t e  ana lyses .  l h e  f o u r - v a r i a b l e  and 
s i x  v a r i a b l e  M I H  models account f o r  38 t o  14% o f  t h e  v a r i a t i o n  i n  l a k e  
pli and a l k a l i n i t y ,  depending on t h e  subset  o f  l akes  used t o  f i t  t h e  
rriodel. We t h i n k  t h e  a d d i t i o n  o f  v a r i a b l e s  r u c h  as d r y  d e p o s i t i o n ,  
i n - l a k e  proce5se5, and r e c e n t  l and  d i s t u r b a n c e s  shou ld  improve t h e  
models. D i s c r i m i n a n t  f u n c t i o n s  u s i n g  e i g h t  v a r i a b l e s  arid two c l a s s e s  
( a c i d i c  and b a r i c )  c o r r e c t l y  c l a s s i f y  81 t o  84% o f  t h e  l a k e s  w i t h  
observed pD.1 and a l k a l i n i t y  measurements. F u t u r e  work w i l l  r e f i n e  t h e  
models, i n c o r p o r a t e  new and improved watershed da ta ,  and ana lyze  
complex l a k e s .  F o r  headwater l a k e s  i n  t h e  Adirondacks, o u r  work 
i n d i c a t e s  that a p p r o x i m a t e l y  50% o f  t h e  l a k e s  have a t o t a l  a l k a l i n i t y  
540 Veq/l.  and 40% o f  t h e  l a k e s  have a pH o f  ~ 5 . 5  ( l e v e l s  b e l i e v e d  t o  
be d e t r i m e n t a l  t o  some f i s h  spec ies ) .  

l h i s  research  was funded a s  p a r t  o f  t h e  N a t i o n a l  A c i d  P r e c i p i t a t i o n  
Assessment Program by  t h e  U.S. Fnv i ronmenta l  P r o t e c t i o n  Agency under  
I n t e r a g e n c y  Agreement Number DW89930858 -01 -2 ( D O €  40 -1433-84) ,  and by  
t h e  O f f i c e  o f  €nv i ronmen ta l  Ana lys i s ,  U . S .  Department o f  Energy, under 
C o n t r a c t  No. DE-ACO5-840H21400 w i t h  M a r t i n  M a r i e t t a  Energy Systems, I n c .  
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John Beauchamp i s  w i t h  t h e  kngineering P h y s i c s  Divis ion,  Oak H i d g r  
National I aba ra to ry ,  and Richard Durfee, P h i l l i p  Coleman, Don Wilson, and 
Fred I.athnm a r e  w i t h  the Computing and Teleconrniunications Divis ion,  Mar t in  
s r i e t t a  Energy Systems, Inc . ,  Oak Ridge, ' lennessec. 

THE N A l  l O N A L  SURFACE MA7 F-K SURVF-Y 
EAS1 t R N  I A K L  SURVEY: 

DAM ~ A N A G ~ ~ ~ N I  A N D  A M L Y S I S ~  

Paul Kanciruk, l r i c i a  A .  Gregory,2 I-es A .  Hook,* 
and Raymond M .  NcCcPrdZ 

L n v i  ronniental Sciences Division 
Oak Ridge National Laboratory 

Oak Ridge ,  Tennessee 

I h e  1984 Eastern Lake Survey was t h e  f i r s t  p a r t  of a long-term E P A  
e f f o r t ,  Ihc National Surface Water Survey, which was designed t o  
synop t i ca l ly  quan t i fy  t h e  su r face  water q u a l i t y  i n  s e l ec t ed  a reas  oF 
t h e  United S t a t e s .  T h i s  e f f o r t  s u p p o r t s  t h e  National Acid 
P r e c i p i t a t i o n  Assessment Program. The survey,  conducted i n  t h e  f a l l  of 
1984, sampled approximately 1800 lakes  in  the Northeast ,  Southeas t ,  and 

Hel icopters  were used i n  t h e  East t o  make watershed observa t ions  and 
a l s o  served a s  platforms f r o m  which t o  c o l l e c t  water samples, which 
were analyzed a t  mabile f i e l d  l abora to r i e s  a n d  a n a l y t i c a l  l a b o r a t o r i e s ,  

idwest (900 western lakes  w i l l  be sampled in t h e  f a l l  of  1985) .  

I h e  Computer Operations and D a t a  Support Group o f  t h e  Environmental 
Sciences Division (ESD)  o f  the  Oak Ridge National Laboratory (ORNI..) i s  
working c l o s e l y  w i t h  €.PA regional  l a b o r a t o r i e s  i n  Corval l i s  and Las 
Vegas, as  well a s  a t  LPA Headquarters. i o  c r e a t e  and analyze t h e  da t a  
bases f o r  t h e  eas t e rn  and  western lake surveys.  T h e  funct ion o f  t h e  
d a l a  m a ~ ~ ~ ~ e ~ ~ e n t  and a n a l y s i s  component o f  t h e  Eastern Lake Survey was 
t o  ( 1 )  proce5s t h e  background information gathered during t h e  survey; 
( 2 )  e s t a b l i s h  a va l ida ted  da ta  base f o r  ana lyses ;  and (33 work w i t h  EPA 
t o  s t a t i s t i c a l l y  ana lyze ,  d i sp l ay ,  and eva lua te  t h e  d a t a .  

lResearch funded a s  p a r t  o f  the National Acid P r e c i p i t a t i o n  
Assessment Program by t h e  U.S, Environmental Pro tec t ion  Agency u n d e r  
Interagency Agreement No. 40 -1441434 w i t h  t h e  U.S. Department of 
E n e r g y ,  unde r  Contract  No. DE-AC05-840H21400 with Martin Mariet ta  
Energy  Systems, Inc .  

2Science Applicat ions In t e rna t iona l  Corporation, Oak Ridge, 
Tennessee 37830. 
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l h e  da t a  base f o r  t h e  Faslern Lake Survey i s  c u r r e n t l y  b e i n g  
va l ida t ed .  l h e  da t a  a n a l y s i s  r e s u l t s  produced by ESD included over 
1000 graphs and maps descr ib ing  regional  lake q u a l i t y  on a regional  
b a s i s .  l h i s  a n a l y s i s  package was the  bas i s  f o r  the  f i n a l  r epor t  
re leared  i n  1986. l h e  f ina l iyed  da ta  base w i l l  be a v a i l a b l e  through 
the  ORNL Ac id Deposit ion Data Network (ADONE I )  and w i  1 1  be made 
a v a i l a b l e  1-0 t h e  C P A  Storage and Retr ieval  System (S1OHF.I). l h e  survey 
resul ts  w i  1 1  he used i n  planning further a c i d i c  depos i t ion  research 
including the  National Stream Survey and the  E P A  Direct/Uelayed 
Response Pro jec t  

AUIHONUACK 1.AKF.S SUKVkY 

Joseph N'lcoletle and Charles Bell 
New York S t a t e  Departrricnt of t n v i  ronmental Conservation 

Hay Brook, New York 

l h r  Adirondack l a k e s  Survey (A1.S) lake da ta  base i s  maintained w i t h  the 
use of t h e  S c i e n t i f i c  Information Retr ieval  (SIH) s y r t ~ n i  and composes 1 6  
record types .  l h i s  d a t a  base conta ins  20% d i f f e r e n t  va r i ab le s .  l h e  A I S  
da ta  system i s  rnariaged w i t h  t h e  ucie of the  Spcrry Univac 1100 mainframe 
system (locatecl a t  SUNY, Albany) and i n  -house IBM PC X l  mjcrocornputers. 
In-house rof tware i s  used f o r  da t a  e n t r y ,  map c r e a t i o n ,  and da ta  
ca l cu la t ions  (i . e . ,  rnorphometrics). Data v e r i f i c a t i o n  and va l ida t ion  
occur a t  a l l  phdses of da t a  c o l l e c t i o n  and t r a n s m i t t a l .  
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DA'IA IZASL DLVF I.OPM!.N'I FOK T H €  NA1 LONAI.. S1HF.AM SURVEY1 

Michael J .  Sa l e  and Jan M ,  Coe 
knvironmental Science5 Division 
Oak Ridge National I abora tory  

Oak Ridge ,  l enncssec  

arid 

Jay Mes5er 
Lnvironmenlal Research Laboratory - Corval l i r  

U . S .  EnvironrnenPal Protect  i o n  Agency 
C o r v a l l i s ,  Oregon 

l h c  U.S. knvironriicntal Pro tec t ion  Aqency i s  conducting t h e  National S t r P a m  
Survey (NSS) as  p a r t  o f  t h e  National Surface Mater Survey (NSWS) - a 
p ro jec t  designed t o  ( I )  quant i fy  t h c  ex ten t  ob low pH and low 
a l k a l i n i t y  systems t h a t  may be a f f e c t e d  b y  acidic precipitdtion/deposition, 
( 2 )  determine t h e  s t a t u s  o f  f i s h e r i e s  and o t h e r  aqua t i c  rt)sour-ces i n  
these systernr, arid ( 3 )  select .  r eg iona l ly  r ep resen ta t ive  su r face  waters 
f o r  l o n g  term monitoring. I h e  stredms t o  be sampled in  t h e  NSS will 
have drainage a reas  le5s than 1 5 5  kin2 (60 sq .  miles) and will be 
sdrripled a t  t h e i r  u p p e r  and lower ends during seasonal h i g h  f l o w  
p e r i o d s .  f a c h  w a t e r  sample in  t h e  IJSS Phase 1 s t t i d y  w i l l  be a broad 
cha rnc le r i7a t ion  of water  chemistry f o r  a c i d i c  P r e c j p i t d l i o n B d e p o s i l i o n  
a isessn ien l ,  including pH9 a c i d  neul -a l iL?ng capac i ty  ( a l k a l i n i t y ) ,  
major ca t ions  and a n i o n s ,  d i sso lved  uryars-ic and inorganic  carbon, 
e x t r a c t a b l e  alumintini, and other important physical  v a r i a b l e s .  
Qudnt i t a t  i vc and qua 1 i t a t  i ve da ta  012 l a n d  -use and o thc r  waterstied 
c h a r n c t c r i s i i c s  t h a t  may be important t o  t h e  a c i d i f i c a t i o n  process w i l l  
a l s o  be incorpora1ed 'InPo Ihc NSS dcmta base.  

ltre N.",S d a t a  manayfrnent a c t i v i t i e s  a t  Qak Ridge National I abora tory  
play an  important coord ina t ing  r ~ l e  i n  t h e  p r o j c c l ,  erpecjally w i t h  
respec t  l o  q u a l i t y  assurance and q u r l l l i t y  control? ( Q W Q C ) .  Ih ree  types 
o f  d a l a  r e t s  w i l l  be i d e n t i f i e d :  ( I )  raw datd t h a t  have becri checked 
f o r  accura te  en t ry  and acceptab le  ranges,  ( 2 )  v e r i f i e d  d a t a  t h a t  h v e  
passed i n t r a r a m p l c  a n a l y t i c a l  QA/OC checks,  and ( 3 )  val ida ted  da ta  t h a t  
have been subjected t o  intersample comparisons and o t h e r  checks f o r  
regional  representa t ivenors .  A f t e r  v a l i d a t i o n ,  d a t a  w i l l  be relearcd 
f o r  use ou t s ide  t h e  NSWS Ltirough t h ?  A c i d  Deposition Datd Network 
( A D D N t I )  a t  OKNL and through E P A ' s  Storage and Retr ieval  System 
(SIOHC I ) .  

lHusearch funded a s  p a r t  of t h e  National Acid P r e c i p i t a t i o n  
Asse\mctnt  Program by t h e  U . S .  Environmental Pro tec t ion  Agency under 
lnturagency Agreement 40 -1 551 .85 w i t h  t h e  U . S .  Department of  €nergy,  
under Contract  No. DF. N O 5  840H214UO w i t h  Martin Mariet ta  Fneryy 
Systems,  Inc . 
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f i e l d  sampl ing has been completed on t h e  NSS Phase I P i l o t  Study wh ich  
examined 63 s t ream reacher  i n  t h e  B l u e  Ridge Prov ince  o f  Tennessee, 
Georgia,  South C a r o l i n a ,  and N o r t h  C a r o l i n a .  C u r r e n t  p l a n s  a r e  t o  
b e g i n  sampl ing f o u r  subreg ions  i n  t h e  e a s t e r n  U n i t e d  S t a t e s  i n  e a r l y  
s p r i n g  1986. 

StASONAl. V A H I A 1  LON 1N IHF- C l i t M I S I K Y  Ob PRkCIPI I A I  ION 
I N  1IiF- U N l I t D  S1Alt.S 

Gary J .  Stens land and Van C .  Bowersox 
Atmospher ic Chemist ry  S e c t i o n  

I 1  1 i n o i  s S t a t e  Waler Survey 
C hampa i g n , 1 1 1 i n o  i s 

A b 5 t r a c t  n o t  a v a i l a b l e .  

A D I H O N D A C K  Soli- SURUtY ACI 1V1 Ilks: 
SOIL CONSF HUA1 I O N  Sf-HVICL 

K e i t h  A .  Wheeler 
S o i l  Conserva t ion  S e r v i c e  

Syracuse, New York 

Fxaniples o f  v a r i o u s  s o i l  survey  p r o d u c t s  f o r  t h e  Adi rondack Region were 
d i s p l a y e d .  l h e y  i n c l u d e d  1:750,000 and 1:250,000 General  S o i l  Maps o f  
New York; 1:62,5OO nteso i n t e n s i t y  s o i l  map f o r  t h e  Adi rondack Park;  
1:67,50O s o i l  maps and c o v e r - t y p e  maps expandpd t o  a 1:24,000 base 
sheet  f o r  K iwarsa l a k e  (one o f  32 p i l o t  watershedr ) ;  and 1:24,000 
d e t a i l e d  s o i l  survey,  c o v e r - t y p e  maps, depth  t o  bedrock maps, and 
g e o l o g i c a l  bedrock t y p e  niaps f o r  Kiwassa l a k e  (one o f  4 1  Adi rondack 
wa lershedr  i n  t h e  d e t a i l e d  s o i l  s u r v e y ) .  Also i n c l u d e d  were s t a t u s  
maps f o r  a d d i t i o n a l  s o i l  survey  p r o d u c t s  f o r  t h e  remainder  o f  New York 
S t a t e  and t h e  e n t i r e  U n i t e d  S t a t e s .  
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C H A P 1  tH I I 1  : DA1 A R E S O U R C E S  

Presenta t ions  in  Session I 1  o f  t h e  workshop descr ibed aqua t i c  

research a c t ' l v i t i e s  and surveys of  t h e  Adirondack Region t h a t  have 

produced da ta  t h a t  may be used f o r  regional  assessments.  Both 

a b s t r a c t s  o f  t h e s e  p re ren ta t ions  (Chapter 11) and da ta  hare  

d e s c r i p t i o n s  (Appendix B >  provide general  information as  t o  the 

research o r  survey des ign ,  parameters measured, sampling/measurement 

problems, e t c . ,  and i d e n t i f y  ind iv idua l s  o r  r epor t s  t h a t  can provide 

add i t iona l  s p e c i f i c  de t a  

b r i e f  desc r ip t ion  o f  the 

Most o f  t h e  s t u d i e s  

Department o f  Envi ronrnen 

unique lake i d e n t i  

basin code (bas ins  

t h e y  were assigned 

1s. l a b l e  1 l i s t s  t h e  t i t l e ,  agency, and a 

da t a  bases included i n  Appendix B .  

and sur\ieys u t i l i z e  t h e  Mew York S t a t e  

a 1  Conservation ( N Y s D t C )  ''pond's numbers as 

i e r s .  These i d e n t i f i e r s  consis 

04 t o  08 cover the Adirondacks) 

t o  lakes  in  hydrolog'lc order  i n  

of a watershed 

and a lake number; 

t he  193Gs using 

l a r g e - s c a l e  topographic maps, Since then the system has been modified 

t o  accommodate "new" lakes  ( r e s e r v o i r s ,  beaver ponds, or l akes  not  on 

t h e  o r i g i n a l  maps) by adding a s i n g l e  l e t t e r  a s  a s u f f i x  Lo the pond 

number. ltre NYSDEC regional  o f f i c e  a t  Ray Brook maintains  a marter  set 

o f  maps and po d numbers f a r  the Adirondack Region. 

t o  update lake coord ina tes  ( l a t i t u d e  and longi tude)  f o r  t h e  lakes  

dur ing  1985-1986. 

more than 7500 ponded waters  which is  c u r r e n t l y  b e i n g  updated (Swart 

and Bloomfield 1985) .  The pond numbers i n  t h e  g a z e t t e e r  have been 

modified from previous assignments t o  r e f l e c t  recent  l e g i s l a t i o n  

concerning designated uses o f  the  New York S t a t e  waters .  

The NYSUEC plans 

Ihe NYSDtC a l s o  maintains  a s ta tewide  g a z e t t e e r  o f  
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- - . . - - __ __ -. _ ______ - - 

Data base name 
- __ - - - - __ - - -  

Acid P rec ip i t a t i on  M i t i ga t i on  
Program 

Table 1. Data bases containing Adirondack research 
and survey data re la ted  t o  aquatic resources 

(see Appendix B f o r  deta i led  descr ip t ions)  
-. .... . -. _---____.I_... ~. 

Agencya Data base descr ip t ion  

Ac id i f i ca t i on  Chemistry 
Information Database 

Adirondack Lakes Survey 

Adi rondack Park Agency 
Geographic Information System 

Adirondack Watershed 
Data Base 

Extensive Lake Survey 

F ish Information Network 

Huntington W i l d l i f e  Forest, 
New York, Acidic Deposition 
Measurement 

I n  S i t u  Bioassays o f  F ish 
i n  Acid Waters 

In tegrated Lake-Watershed 
A c i d i f i c a t i o n  Study 

Lake Ac id i f i ca t i on  M i t i ga t i on  
Pro ject  

FWS 

0NL 

ALSC 

APA 

OKNL - 
SUNY/P 

cu 

NCSU 

SUNY/S 

NYSDEC 

E P R I  

E P R I  

New program t o  develop data base 
o f  chemical, b i o l o g i c a l ,  and 
physical parameters o f  surface 
waters being limed 

H i s t o r i c a l  surface water 
chemistry data 

B io log ica l ,  chemical, and 
physical data on approximately 
1200 Adi rondack waters 
(40Wyear) between 1984 and 1986 

Watershed data 

Lake and watershed data f o r  463 
headwater systems: morphology, 
topography, land cover. wetlands, 
beavers, bedrock, disturbances, 
deposit ion, lake chemistry, and 
f i s h  s tatus 

Water chemistry and f i s h  s tatus 

H i s t o r i c a l  f i s h  and water 
chemistry data f o r  lakes 

Co l lec t ion  and analys is  o f  wet 
and dry  deposi t ion 

I n  s i t u  bioassays o f  major f i s h  
species t o  ac id ic  water, a l l  
l i f e  stages 

Biogeochemical analys is  o f  lake 
a c i d i f i c a t i o n  i n  three lakes and 
model development 

Development o f  models t o  
determine frequency o f  l im ing  
ac id  lakes 



l a b l e  1 ( c o n t i n u e d )  

Data base name Agercya Data base d e s c r i p t i o n  

N a t i o n a l  S u r f a c e  Water  Survey E PA Water  q u a l i t y  and watershed 
E a s t e r n  Lake Survey-Phase I i n f o r m a t i o n  f o r  s e l e c t e d  l a k e s  i n  

t h e  n o r t h e a s t e r n ,  upper  
midwestern,  and s o u t h e a s t e r n  
U n i t e d  S t a t e s  

Reg iona l  I n t e g r a t e d  Lake - E P R I  B iogeochemical  a n a l y s i s  o f  
Watershed A c i d i f i c a t i o n  Study  20 l a k e s  

Sediment Chemi s t r y  - 
Ad i rondack  Lakes 

UM Sediment c h e m i s t r y  f r o m  t e n  l a k e s  

U n i v e r s i t y  o f  Iowa A c i d  U I  Water q u a l i t y  and watershed 
Lake Database d e s c r i p t o r s  f o r  l a k e s  i n  t h e  

n o r t h e a s t e r n  U n i t e d  S t a t e s  
-~--1-- 

aFWS =- U . S .  F i s h  and W i l d l i f e  S e r v i c e ;  BNL = Brookhaven N a t i o n a l  L a b o r a t o r y ;  
ALSC = Ad i rondack  Lake Survey C o r p o r a t i o n ;  APA = Ad i rondack  Park Agency; ORNL- 
SUNY/P = Oak Ridge N a t i o n a l  L a b o r a t o r y - S t a t e  U n i v e r s i t y  of  New Vork/  
P l a t t s b u r g h ;  CU = C o r n e l 1  U n i v e r s i t y ;  NCSU = N o r t h  C a r o l i n a  S t a t e  U n i v e r s i t y ;  
SUIJY/S = S t a t e  U n i v e r s i t y  o f  New York/Syracuse;  NYSDEC = New York S t a t e  
Depar tment  o f  Conserva t ion ;  E P R I  = E l e c t r i c  Power Research I n s t i t u t e ;  EPA = 
U . S .  Env i ronmenta l  P r o t e c t i o n  Agency; UM = U n i v e r s i t y  o f  Maine; U I  = 
U n i v e r s i t y  o f  Iowa. 
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Wany o f  t h e  < , m e  l a k e s  w i t h i n  the  Adirondack Region have been 

i l i c l u d c d  i n  severnl  surveys  o r  s t u d i e s  such t h d l  preient day research  

cdn drdw on p r e v i o u s  r l u d i c r  f o r  h i s t o r i c a l  or complemcintciry d a t d .  

l he rc fo re ,  ii cross  r e f e r e n c e  f i l e  w a s  credted on t h e  b a s i s  o f  i r i pu l  

from t h e  workshop p a r l i c i p a n l i .  I t  corllain5 i n f o r m a t  i o r i  f r o m  18 

surveys or d n t d  c o n i p i l a t i o r i s .  l t i e  t i t l e ,  source,  y e a r ( \ ) ,  arid number 

of lakcs i n (  ludcd i n  cdch o f  t i l e r e  s t u d i e s  a r e  g i v e n  i n  l a b l e  7 .  l a b l e  

3 l i s t 5  pond riuuihers a n d  n c i i i i C S  o f  3 5  lakes  t h a t  have bccri i n c l u d e d  i n  

r t 'ver i  o r  more d i f f e r e n t  surveys ;  Appendix I; i n c l u d e s  t h e  comple te  

c r o s s  reference l i s t .  The c ross  r e f e r e n c e  d d l a  f i l e  i s  a v a i l a b l e  f r o m  

t he  AUDNf  I ( A c i d  Depo5it io r i  Datd Network) p r o j e c t  a t  OHNl . 
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Table 2. Number of Adirondack lakes included in various surveys or data bases 
(see Appendix C fcr a complete listing) 

Acronym Title Source Year( s )  Number 

ACID 

ALS 
AWD8-C 

AWDB-S 

E LS 

F I N  

FIN--5 

I LWAS 

LAMP 

LTM 
NSWS 

NSWS -0 
NSWS-2 

PIRLA 

R I LWAS 

Norton 

so1 LS 
SOILS-P 

Acidification Chemjstry 
Information Database 

Adi rondack Lakes Survey 
Adi rondack Watershed 
Data Ease-Complex Lakes 
Adirondack Watershed 
Data Base-Simple Lakes 

Extensive Lake Study 

Fish Information Network 
Fish Information Network- 
Schofield Lakes 

Integrated Lake-Watershed 
Acidification Study 

Lake Acidification 
Mitigation Project 
Long-Term Honi toring 

National Surface Water 
Survey-Phase I Lakes 
NSWS-Di rect/Delayed Lakes 
NSWS-Phase I 1  Lakes 

Paleoecological 
Reconstruction of Recent 
Lake Acidification 

Regional Integrated 
Lake-Watershed 
Acidification Study 

Sed iment Chemi s t ry - 
Adi rondack Lakes 

Soils Survey 
Soi 1s Survey -Pi lot 

BN L 

ALSC 
ORNL -SUNY /P 

ORNL -SUNY/P 

cu 
NCSU 
NCSU 

EPRI 

EPRI 

E PA 
E PA 

E PA 
E PA 
E PA 

EPRI 

UM 

E PA 
E PA 

1900-1 982 

1984 -1 986 
1900-1 984 

1900 -1 984 

1983-1 987 

1900-1 984 

1975 

1977-1 982 

1985-1 987 

1983-present 

1984 

1935 
1986 

1978-1 983 

1980-1 982 

19?? 

1985 
1984 

1615 

1200 
154 

463 

10 
469" 

236a 

3 

6 

14 
184 

38 
47 

50 

22 

10 

38 

32 

aLakes having recent pH data (summer supface samples collected between 1974 
and 1983, measured using electrometric, air-equlibrated method; deleting 1979 
DEC measurements). FIN also includes Some sort of chemistry data for 942 
additional lakes. 
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7 a b l e  3. lakes  in  t h e  Adirondacks t h a t  
have been included in seven o r  more 

surveys ( s e e  Apper id ix  C f o r  a 
1 i s l  i n g  o f  surveys  conducted 

a t  each lake)  

Pond 
number I a k e  name 

070 IO0 
0701 76 
0701 43 
070754 
0301 78 
0401 99 
04079% 
04037 I 
040504 
040639 
040 I06 
040146 
090 I 4  I 
040148 
040 150 
040152 
040153 
040 156 
040158 
0401 1 I 
040866 
0408 13 
040982 
0501 56 
0501 97 
0502 14 
0503 I O  
0505 1 I 

060083 
06031 3 
070119 

0 10936 

050613 

070793 

Number 
o f  surveys 

K i w a 5 r a  I ako 
I i t t l e  Fcho lake 
Middle Pond 
I l ~ a r l  lake 
Dry Channel Pond 
Midd 1 e Sou L l i  Pond 
N i c k s  Pond 
John Porid 
Hawk [-'orid 
Iiilchcock I ake 
Grdsr Pond 
M o r s  l ake  
Ca5crlds l ake  
HUbb I ake 
Dart I ake 
B i g  Moore 1 a k e  
We\t  Pond 
M e r r i a m  I akc  
G u l l  lake South 
Constable Pond 
Deep l a k e  
Wolf I ake 
Woodhull I ake 
Woods lake 
S t .  John lake 
County I.ine l a k e  
I ong Pond 
Nale Pond 
lack Pond 
Mount Arab l ake  
Sagamore I ake 
Nine Corner  I ake 
l r o u l  Lake 
Whilney lake  

7 
7 
8 
% 
7 
8 
8 
8 
8 
7 
8 
8 

1 
8 
7 
D 
9 
9 
8 

1 
7 
1 
7 
7 
7 
8 
7 
-1 
1 
7 
7 
8 

7 

a 
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CHAP1 t K  1 V :  R E G l O N A I -  ASSF-SSMtNlS - HLCOMNtNDAI lONS, 
APPHOACHLS, A N D  U A l A  AND Ht-SkAHCH N € f D S  

Joan P .  Baker,  Modera tor  
K i l k e l l y  L n v i r o m e n t a l  Assoc ia tes  

R a l e i g h ,  N c r t h  C a r o l i n a  

'Ihe purpose o f  Sess ion IV, Regional  Assessments, was t o  examine 

a l t e r n a t i v e  approaches f o r  t h e  r e g i o n a l i z a t i o n  o f  a q u a t i c  impacts  u s i n g  

s p e c i f i c  s i l e  and survey  d a t a .  l o  dccompl ish  t h i s ,  t h e  a t tendees were 

convened i n  small w o r k i n g  groups l o  promote i n t e r a c t i o n  and s t i m u l a t e  

d i s c u s s i o n  on t h e  t o p i c  o f  r e g i o n a l i z a t i o n .  l h i s  t o p i c  war d i v i d e d  

i n t o  two m a j o r  q u e s t i o n s :  (1)  how t o  e s t i m a t e  c u r r e n t  impacts ,  and 

( 2 )  how t o  p r e d i c l  f u t u r e  impacts .  k r t i r r i a t i o n  and p r e d i c t i o n  were n o t  

l o  bc l i m i t e d  t o  i n d i v i d u d l  systc Ims;  t h e  need f o r  r e g i o n a l  

t x t r ~ i p o l a t i o n  was slrer,sed. l w o  c o o r d i n a t o r 5  were a s r i g n e d  l o  moderate 

t h e  two w o r k i n g  groups,  with each g r o u p  d i s c u s s i n g  onc o f  t h e  two m a j o r  

q u ~ s l  i o n s .  W i t h i n  each  w o r k i n g  group, t h r e e  subgroups were formed w i t h  

a p p o i n l e d  d i s c u s s i o n  l e a d e r s .  At tendees  were p u r p o s e l y  a r s i y n e d  t o  

t h e i r  work ing  groups l o  g i v e  each subgroup a complementary m i x t u r e  o f  

t e c h n i c a l  backgrounds . 
'Ihe r p e c i f i c  q u e s t i o n  f o r  each group t o  address was: 

Group 1: How many l a k e s  have been a c i d i f i e d  by a c i d i c  d e p o s i t i o n ?  

Group 2:  How many l a k e s  w i l l  bc a c i d i f - l e d  by a c i d i c  d e p o s i t i o n ?  

l o r  the  purpose o f  the  d i s c u s s i o n ,  a n d  becau5e o f  the recogn ized l i m e  

l i n i i l d l i o n s ,  t h e  e s t i m a t i o n  o f  impacts  was l i m i t e d  t o  t h e  Adirondack 

r e y i o n  w i l h  emphasis on a q u a t i c  c h e m i s t r y ;  b i o l o g i c a l  impacts  were t o  

be addres5cd secondar'l l y .  I akes were ass igned f i r s t  p r i o r i t y ;  streams, 

were o f  r c c o n d d r y  i n p o r l a n c e .  Whi l o  a d d r e s s i n g  the quest  i o n  ass igned 
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Tables 4-7 o u t l i n e  t h e  r e s u l t s  o f  t h e  s i x  subgroup d i s c u s s i o n s .  

7he b a s i c  recommendations o f f e r e d  by t h e  subgroups have been d i v i d e d  

i n t o  f o u r  c a t e g o r i e s :  g e n e r a l ,  r e g i o n a l i z a t i o n  approaches, research  

needs, and d a t a  needs. However, i t  i s  i m p o r t a n t  t o  n o t e  t h a t  t h e  

recommendations o f f e r e d  by a s i n g l e  subgroup do n o t  n e c e s s a r i l y  i m p l y  

an absence o f  agreement ( o r  d isagreement)  among t h e  o t h e r  subgroups. 

I n s t e a d ,  t h e y  r e f l e c t  separa te  i deas  and areas o f  d i s c u s s i o n  r e p o r t e d  

f o r  t h e  p a r t i c u l a r  subgroup, becaus.2 each subgroup d i d  n o t  n e c e s s a r i l y  

cover t h e  same t o p i c s  ( e . g . ,  f i s h e r i e s ,  streams, e t c . )  i n  t h e  t i m e  

a l l o c a t e d  t o  address t h e i r  p r i n c i p a l  q u e s t i o n .  The page numbers l i s t e d  

i n  t h e  t a b l e s  p r o v i d e  a d i r e c t  re fe -encc  t o  t h e  l o c a t i o n  o f  t h e  

s u p p o r t i n g  t e x t  f o r  each recommendation. 

The n e x t  s e c t i o n  o f  t h i s  r e p o r t  summarizes t h e  d i s c u s s i o n s  o f  each 

o f  t h e  s i x  subgroups. These summaries were prepared f r o m  t a p e  

r e c o r d i n g s  of  each o f  t h e  d i s c u s s i o n  l e a d e r ' s  p r e s e n t a t i o n s  i n  t h e  

c o n c l u d i n g  sess ion  on r e g i o n a l  assessments. S p e c i f i c  r e f e r e n c e s  t o  

each o f  t h e  f o u r  t a b l e s  have been i n c o r p o r a t e d  i n t o  t h e  t e x t  ( i - e . ,  

l a b l e  4* Recommendation A i s  e q u i v a l e n t  t o  4 A )  f o r  c r o s s - r e f e r e n c i n g .  
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Table 4. General recommendations (excerpted f r o m  working group discussions) 

Subj ec t 

Working groups 

IA I B  IC I I A  I I B  IIC 
Future 

-.__I___ 
current __-...--_I 

A .  Provide immediate and adequate funding 
f o r  synthesis and integration projects 56 

8.  Provide feedback mechanism between 
analysis/modeling and research/surveys 56 

72 

7 1  

C. Review data needs 60 69.71 

D .  Conduct periodic regional workshops 56 

E .  Establish a clearinghouse to disseminate 
data and research findings 56 
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l a b l e  5 .  Recommended asjessirient approaches (excerpted 
from working group discussions) 

A .  

B. 

C .  

D .  

E .  

F .  

G .  

H. 

I .  

Subject 
- -  - - -__ - - - __ . . - - 
Select  d d t d  f o r  r e g i o n a l i z a t i o n  
o ALS (more lakes, small  lakes, b i o t a )  
o NSWS ( r igorous  design based sample) 
o Combined ALS and NSW5 

Select  depos i t ion  scenario 
o Constant (poss ib le  worst c a s e )  
o Varying l e v e l s  
C l a s s i f y  lakes/watersheds f o r  reg ional  
ana lys is  s t r a t i f i c a t i o n  
o Chemistry-based c r i t e r i a  
o Biota-based c r i t e r i a  
o Watershed -based c r i t e r i a  
o Use c l u s t e r  ana lys is  
Use watershed a t t r i b u t e s  t o  ex t rapo la te  
t o  the  reg ion 
o Discr iminant  funct ions,  c l u s t e r  ana lys is  
Use the NSWS design-based framework 
( i . e . ,  p r o b a b i l i t y  sample) t o  ex t rapo la te  
t o  the  reg ion 
Use a modi f ied Direct/Delayed Response 
Pro jec t  approach t o  ex t rapo la te  t o  
the  reg ion by incorpora t ing  
a d d i t i o n a l  processes 
o M i n e r a l i z a t i o n  
o Episodic events/hydrologic responses 
o Organics i n  c o n t r o l l i n g  A1 and pH l e v e l s  
o Fish  responses 
Use second generation versions o f  e x i s t i n g  
process models 
o S i m p l i f y  complex models 
o Add more processes t o  simple models 
Use a combination o f  s t a t i s t i c a l  and 
process models 
o Incorporate variance /cova r i  ance matr ices 
Use a l i n k e d  th ree- t ie red  approach 
o In tens ive,  process-oriented s i t e  research 
o Survey sample popu la t ion  (based on 

r e s u l t s  o f  i n t e n s i v e  research) 
o Extrapolate t o  study reg ion 

- _ _  
- 
I A  

56  

5 7  
5 1  
57 
57 

56  

62  
61 

60 
67 60 

b l  
61 

60,61 

62 

6 5  69 

76 
76 

66 
66 
61  

66 
66 
66 

67 
67 

69.70 
70 
70.71 
69,70 
70,71 

68 
68 
68 

68 72 

73 
73 

13 
73 



] a b l e  6 .  Recommended r e s e a r c h  to s u p p o r t  approache5 t o  r e g i o n a ~ i i d t i o n  
( e x c e r p t e d  f r o m  w o r k i n g  g roup  d i s c u s s i o n s )  

Sub j ec t 

N o r k i n g  gro_ups 
C u r r e n t  F u t _ u E  -- 

I A  18 I C  I I A  - 1 I8 I I C  

E p i s o d i c  e v e n t s  
o R e l a t e  to wate rshed  a t t r i b u t e s .  

e s p e c i a l l y  h y d r o l o g i c  responres  
( f l a s h y  sys tems)  

o De te rm ine  p a t t e r n s  o f  w a t e r  
c h e m i s t r y  changes w i t h i n  l a k e s  

o R e l a t e  to f i s h  response  i n c l u d i n g  
e v a l u a t i n g  r e f u g e  s i t e s  

M i  n e r d  1 i Zdt i on ( w e a t h e r i n g  r a t e s )  
o R e l a t e  t o  w a t e m h e d  a t t r i b u t e s  and 

o De te rm ine  base c a t i o n  rep ldcemcn t  r a t e s  
o Organ ic  m i n e r a l  i z a t  i o n / s u l  f iir f i x a t i o n  

Hydro  1 ogy 
o l d e n t i f y  " f l a s h y "  wa te rshed  

H t  d e p o s i t  i o n  

c h a r a c t e r i s t i c s  

58.59 61.62 66 i 

58.59 6 2  

58  

58 

O t h e r  p rocesses  
o E v a l u a t e  i n - l a k e  p rocesses  
o E v a l u a t e  s u l f a t e  exchange 
o E v a l u a t e  t h e  e f f e c t s  o f  o r g a n i c s  on pH and A 1  

I n d  1 ces  
o Deve lop  s e n s i t i v i t y  i n d e x  bdsed on c h e m i s t r y  5 1  
o Deve lop  h a b i t a b i l i t y  i n d e x  based on f i s h  needz 61 

S t d t i s t i c a l  approaches f o r  r e g i o n a l i r a t i o n  
o txamir ie  sa i r ip l ing d e s i g n s  and f ramework 

o Couple s t a t i s t i c a l  and p r o c e s s  models  
o Parameter  e s t i m a t i o n  
o P r o b a b i l i t y  d e n s i t y  f u n c t i o n s  
o Deve lop  s t a t i s t i c a l  methods to 

f o r  r e g i o n a l i r d t i o n  

a n a l y z e  and d i s p l a y  S p a t i a l  d d t d  

E v a l u a t e  e f f e c t s  on b i o t a :  
o l n - s i t u  b iOas5dy 
o Whole l a k e  a c i d i f i c a t i o n  
o L a b o r a t o r y  b i o a s s a y s  
o Refuge s i t e s  

58.59  
59 
59 
59 
59 

'0.71 

66  

10 

10 

b 7 10 

61 10 
67 

10 

61 10 

67 10 

67 
67 

69 .10  

64 
67 68 

61 

63 

66 70 

7 2  
76 
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Table 7 .  Data resources needed t o  suppor t  approaches t o  r c g i o n a l i z a t i o n  
(excerp ted  from work ing  group d i scuss ions )  

Subject  

Working groups.-.. 
F u t u r e .  -_____.__ Cur ren t  I_ 

I A  I8  IC IIA I I B  IIC 

A. Lake i n v e n t o r y  57 
o Locat ion ,  name, s i z e ,  t y p e  57 
o "Sampling framework" 60 
o I d e n t i f y  ephemeral beaver lakes  5 7  61 

B. Stream i n v e n t o r y  61 

C .  Lake surveys ( chemis t r y  and b i o t a )  
o ALS 56 60 
o NSWS 60 
o Extend ALS t o  Hudson bas in  5 7  60 

0. Stream surveys ( chemis t r y  and b i o t a )  61 

E. Watershed a t t r i b u t e s  59 60 
o Topography. s o i l s ,  l and  cover,  gealogy, 

hydro logy ,  wet lands, beavers, e t c .  

F. Depos i t i on  
o Wet, d ry ,  t h r o u g h f a l l  
o Temporal v a r i a t i o n  

58,59 
61 

G. H i s t o r i c  da ta  76 



Sb 

W U K K  INC G K ~ I I J P  SIJMMAH 

GROUP 1 :  F S I I I Y A I L N G  IMPACIS I O  D A I I  John 

t S  

. . Ma lanchiik, Coord i na lor  

SiJhgroup I A :  C t i d r l t ~ y  Dr isco l l  (Ilisc ussion I e a d e r ) ,  Charles Bel 1 ,  
Don Hogincki ,  Dick Olson ,  Clary S tens land ,  Neal Odcn, and 
Wcbb V i j n  Wirtkle 

I h e  5ubgroup’s reconirrieridcd apprmc ti centered on t h r e e  avenues: 

how t h e  effort should be orynni /ed ,  what  a n a l y s e s  could be used with 

t h e  currer i t ly  i jvc i i  l a b l e  ddtd ,  and how s.tiould the  chemical c f  f e c t  o f  

a c i d i c  d e p o r i t  ion be de.lerniiried? W i  t t i  regard t o  o rgan i r a t ion ,  

recornmeridat ion5 w e r e  t o  ( 1 )  hold a s e r i e s  o f  r e g i o r t a l  workshops (4D, 

i . e . ,  ‘Iable 1, Ke(onmt*iidat ion D ) ,  arid ( 7 )  couple t h i s  w i t h  a 

c lear inghouse t o  maridgc arid d iss tmindte  t h e  Adirortdnck d a l d  f o r  

rctJioridl1iatiori e f f o r t 5  ( 4 F ) .  A nllijor corisidcrdtion was t o  provide 

adequate f u n d i n g  t o  s y n t h c \ i / e  and i n t e g r a t e  t h e  a v a i l a b l e  d d l a  (4A). 

Considering the  amourit o f  data  a v a i l a b l e  f o r  t he  A d i r o n d d c k s ,  d f j l d  

syn thes i s  would need t o  stclrl irnrncdiately and coni inue I J P  through the 

1989 a s ses s iwn t .  l h e  workstlops woi.11d be used t o  eva lua te ,  review, and 

sugye%t r cd i r ec t ions  o f  t h e  work as needcd (4H). I n  t h i s  way, the 

r e s u l t s  should he ready f o r  t h e  1989 a s s e \ s m o n t .  

D a t a  a n a l y s i s  w o u l d  r e l y  on t h e  Adiroridack l a k e s  Survey ( A i s )  d a l d  

Cor 1100 lakes  ( I C )  and then e x t r a p o l a t e  t o  the ent i re  Adirondack 

region (2700 l akes)  u s i n g  these d a t a  ( 5 0 ) .  Factors  5uch a %  e l e v a t i o n ,  

watershed a r e a ,  lake a r e a ,  water\hed t h a r a c l e r i r t i c s  (pe rcen t  wet land\ ,  

f o r e s l  type ,  e l c . ) ,  and depos i t ion  would be used i n  t h e  cx l r apo la t ion  

( 5 A ) .  some o f  t he  d d i d  f o r  ex t r apo la t ion  could be derived from mapped 
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i n f o r m a t i o n .  One prob lem recogn ized  w i t h  t h i s  approach i s  t h a t  t h e r e  

i s  one m a j o r  b a s i n ,  t h e  Hudson bas in ,  t h a t  i s  n o t  b e i n g  s t u d i e d  i n  t h e  

A L S .  'Ihus, i t  would be i m p o r t a n t  t o  look a t  t h e  results o f  t h e s e  

e x t r a p o l a t i o n s  and compare them w i t h  c u r r e n t l y  e x i s t i n g  d a t a  [ i . c . ,  

from t h e  N a t i o n a l  Su r face  Water Survey (NSWS) o r  o t h e r  s t u d i e s ] .  I f  

t h i s  e x t r a p o l a t i o n  was no t  adequate, then f u n d i n g  would be p r o v i d e d  t o  

conduct an a p p r o p r i a t e  survey i n  t h e  Hudson b a s i n  (7C). 

l h e  n e x t  e s s e n t i a l  step would he t o  update the i n v e n t o r y  o f  

Adiroridack l a k e s  ( 7 A )  t o  de te rm ine  i f  i n d i v i d u a l  l a k e r  a r e  permanent 

(nonpesriianent l akes  a r e  l e s s  i rnpo r tdn t  t o  t h e  o v e r a l l  assessment) and 

i f  t hese  i n d i v i d u a l  l a k e s  a r e  i m p o r l a n t  f o r  f i s h e r i e s .  Once t h i s  was 

done, a l a k e  c l a s s i f i c a t i o n  system based on watershed c h a r a c t e r i s t i c s  

(watershed area, p e r c e n t  w e t l a n d r ,  e t c . ) ,  wate r  c h e m i s t r y ,  o r  f i s h  

i n f o r m a t i o n  would be developed (5C). Fish and o t h e r  b i o l o g i c a l  d a t a  

would be used t o  conduct  ana lyses  comparable t o  Baker and Harvey ' s  

(1984) work w i t h  t h e  New York S t a t e  Department o f  knv i ronmen ta l  

Conserva t i on  d a t a .  

Once t h e  c l a s s i f i c a t i o n  system and i n f o r m a t i o n  network was i n  

p l a c e ,  t h e  q u e s t i o n  o f  e v a l u a t i n g  chemical  e f f e c t s  o f  a c i d i c  d e p o s i t i o n  

would need t o  be addressed. Because a number o f  t h e  Adirondack lakes 

a r e  n a t . u r a l l y  a c i d i c ,  s i m p l e  pH o r  a l k a l i n i t y  can 52% be used as  a 

measure o f  s e n s i t i v i t y  o r  e f f e c t s .  I n s t e a d ,  a s e n s i t i v i t y  i ndex  

should be developed (6E) .  Such a sensitivity index should be 

based on t h e  e l e c t r o c h e m i c a l  ba lance  o f  an ions and c a t i o n s  w i t h i n  

a l a k e .  I n  a s i m p l e  form, t h e  i n d e r  c o u l d  be c a l c u l a t e d  as t h e  rum 

of  t h e  b a s i c  c a t i o n s  p l u s  amnionium minus t h e  sum of  s t r o n g  a c i d  



OHNI./'I M 10044 58 

a n 'I on s . ' 9 -I 11 .i s i s eq u i va 1 t' n t 

a c i d s  niinus 1-1 i o n s  niinus aliirri t 

t o  b i c a r b o n a t e  a l k a l i n i t y  p l u s  o r g a n i c  

n u i n ,  which  a.1 lows t h c  d e t e r m i n d t  i o n  of 

ac i d i t y  c o n t r  i b u t e d  f rom n n t i i r d l  o r g a n i c  a c i d s .  l h i s  i ndex  woi~ld 

e l i m i r i < i l e  sonic- o f  t h e  p r o b l e m  associated w ; t h  o r y a n i c  a c i d s  and 

ali iminurii 'In i d c r i l  i f y i n y  an lh ropoger i i c  i inpacts. A c l a r s i f i c a t i o n  system 

c o u l d  t h e n  be e s t a b l i s h e d  u s i n g  s e n s i t i v i t y  i ndex  v a l u e r ,  such as less  

t h a n  50 peq/l- o r  100 ueq/ l ,  a s  t h e  b a s i s  f o r  t h e  chemical  e f f e c t s  

assessnrent. 

A d d i t i o r i a l  recornnc.nda.1 ioris f o r  f u t u r e  research  t h a t  would r e s o l v e  

da ta  needs i n c l u d e d :  e v a l u a l e  r e f u g e  s i t e s  w i t h i n  lake5 wh ich  a r e  

i rnpo r tdn l  l o  a 5 s ~ r s  e p i s o d i c  e f f e c t s  on f i s h  ( S A ) ,  e v a l u a t e  t h e  

niaqnitude of t h e  chemical  change d u r i n g  e p i s o d i c  p c r i o d s  ( b A ) ,  

e s t a b l i s h  a t h r o u g h f a l l  network t o  e s t i m a t e  d r y  d e p o s i t i o n  ( . / I ) ,  arid 

conduct  a d d i t i o n a l  f i s h e r i e s  exper in ien ts  ( 6 6 ) .  

f p i s o d i c  i n f o r m a t i o n  f rom Phace 11 o f  t h e  NShlS ( i . e . ,  rnes\uremcnts 

o f  w i j t t \ r  c h e m i i t r y  r e l a t e d  t o  snownie11) would be u\ed t o  l ook  a t  t h e  

dfyjtt i  o f  t he  a c i d  p u l s e  arid l o  sec how t he  p u l s e  moves th rough  t h e  l a k e  

( 6 A ) .  l h e s e  p u l s e  nioverrients need t o  be examined as  a f u n c t i o n  of  

waler5hed area ,  l a k e  area ,  l a k e  depth,  i n t e n s i t y  o f  snowmelt ( 6 A ) ,  

e t c . ,  t o  e x t r a p o l a t e  t o  the r e g i o n  as a whole f o r  e v a l u a t i n g  t he  

e f f e c t s  o f  e p i s o d i c  events  on f i 5 h  p o p u l a t i o n s .  

' S e n s i t i v i t  i ndex  - 2 [Ca2+ ]  4- %[Mg2'] t CNaCl [ K t l  t [ N H 4 ' 1  
- [ S 0 4 -  Y - 1  - [ N 0 3 ' ]  - [ C l  -1 

= [ H C O j ]  t [RCOO-] - [ H I - ]  - n[Aln']. 

2 A 1 1  i o n i c  c o n c e n t r a t i o n s  (excep t  o r g a n i c  a c i d s )  can  be measured. 
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For e v a l u a t i n g  t h e  magnitude o f  t h e  chemical  changer d u r i n g  

e p i s o d i c  p e r i o d s ,  some f l o w  d a t a  f o r  t h e  Ad i rondacks  a r e  a l r e a d y  

a v a i l a b l e ,  b u t  a d d i t i o n a l  s i t e  d a t a  a r e  p r o b a b l y  needed t o  deve lop  

c o n c e n t r a t i o n - d i r c h a r g e  r e l a t i o n s h i p s  (612). Then t h i s  i n f o r m a t i o n ,  

a l o n g  w i t h  c r i t i c a l  paramelers  (base c a t i o n s ,  n i t r a t e  o r  p o s s i b l y  

s u l f a t e ) ,  c o u l d  be coup led  w i t h  c e r t a i n  watershed c h a r a c t e r i s t i c s  

(bedrock geology,  dep th  o f  till, e t c . )  (7L) t h a t  may i n f l u e n c e  t h e  

s h o r t - t e r m  response o f  t h e  watershed. From t h i s  i n f o r m a t i o n ,  t h e  

magn i tude o f  t h e  s h o r t - t e r m  changes i n  w a t e r  c h e m i s t r y  t h a t  c o u l d  occu r  

w i t h i n  t h e  Adirondack r e g i o n  c o u l d  he assessed, and w i t h i n  some bounds, 

t h e  e p i s o d i c  response f o r  d i f f e r e n t  t ypes  o f  watersheds c o u l d  be 

determined.  T h i s  i n f o r m a t i o n  c o u l d  t h e n  be used t o  m o d i f y  the i n i t i a l  

e s t i m a t e  o f  e f f e c t s  and t h e  s e n s i t i v i t y  i ndex .  

l h e  l a c k  o f  i n f o r m a t i o n  concern ing  e s t i m a t e s  o f  d r y  d e p o s i t i o n  i n  

t h e  Ad i rondacks  wa5 no ted  as a s i g n i f i c a n t  p rob lem ( 7 F ) .  The 

development of a t h r o u g h f a l l  network t o  p r o v i d e  a b e t t e r  e s t i m a t e  o f  

d r y  d e p o s i t i o n  was recommended as a necessary  complement t o  t h e  

e x i s t i n g  p r e c i p i t a t i o n  network.  

To improve knowledge of a c i d i f i c a t i o n  impacts  t o  f i s h e r i e s ,  

a d d i t i o n a l  exper iments were recommended (6G). l h e s e  f i s h e r i e s  

exper iments m igh t  i n c l u d e  i n - s i t u  b ioassays ( a g a i n ,  t a k i n g  i n t o  account  

r e g i o n a l  needs), whole l a k e  a c i d i f i c a t i o n ,  and l a b o r a t o r y  b ioassays ( i n  

dec reas ing  o r d e r  o f  impor tance ) .  
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Subgroup IH-: Dixori I andet-5 (Discussion Leader) , F-ileen Allen,  
John l iolrapple ,  P a t  Mundy,  Don Porcel l a ,  Howard Simonin, 
Kelton McKinley, and Martin P f i e f  f e r  

Ihe general  approach adapted by t h i s  subgroup, although genera l ly  

s i m i l a r  t o  Subgroup IA above, r e f l e c t s  a d i f f e r e n t  order  o f  preferencp  

f o r  the  variou5 aspec ts  of i t s  reconinrcnded approach. Herolvirig da ta  

necds was regdrded a$ t h e  primary concern f o r  a n y  regiorial assessment 

e f f o r t  ( 4 C ) .  Completion of t h e  survey o f  Adirondack l a k e r ,  

par t  i c u l a r l y  'In the  tiudsnn b a s i n ,  was given t o p  p r i o r i t y  (7C). Ihe  

NSWS sampled some lakes i n  ltie Adirondacks (and a few were i n  t h e  

Hudron b a s i n ) ,  bu t  t h e y  were n o t  sampled with t h e  same i n t e n s i t y  as t h e  

A I  S nor d i d  they c o l l e c t  a l l  t he  parmt? tcrs  necessary f o r  an arsessmenl 

e f f o r t .  I h u s ,  n e i t h e r  the  A15 nor t he  NSlnjS conducted s t u d i e s  across  

t h e  e n t i r e  region ( I C ) .  7 h e  Iludroii basin accounts for  35% of t h e  

Adirondack area  and, a s  a r e s u l t ,  t hese  dat , i  a r e  needed t o  provide a 

complete a r s e s m e n t  of the Ad rondacks. lhe n e x t  d a t a  need involved 

t h e  developrrierit o f  a complete samplirig frarric f o r  t h e  roughly 7700 lakes 

i n  the  Adiroriddcks ( / A ) .  Add t i o n a l  da ta  t h a t  should be gathered a r e  

drainage type ,  res idence t ime, vege ta t ion ,  s o i l s ,  geology, e t c .  ( I t ) .  

l h e s e  data  may be a v a i l a b l e  from maps. With t h i s  i n f o r m t i o n ,  J lakc 

c l a r s i f i c a t i o n  systern could then be developed f o r  ex t r apo la t ing  back t o  

t h e  t o t a l  population o f  lakes  in  the region witti b e t t e r  accurdcy (5C) .  

Several  d a t a  ana lys i s  riecds were i d e n t i f i e d  a s  c r i t i c a l  t o  t h e  

assessrnent e f  f o r t .  l h e  f i r s t  recomrnendat ion was t o  s t a t  i s t i c a l  l y  

eva lua te  and conibine t h e  d d l d  from thc  A L S  and  the  NSWS t o  make a 
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b e s t  e s t i m a t e  o f  c u r r e n t  l a k e  s t a t u s  ( i . e . ,  c h e m i s t r y )  f o r  a l l  

Adirondack l a k e s  ( i n c l u d i n g  those  l e s s  t h a n  4 ha i n  s i z e )  ( 5 A ) .  Next,  

i t  would be necessary t o  de te rm ine  how many o f  t hese  sma l l  l akes  a r e  

ephemeral, due t o  beaver  a c t i v i t y ,  t o  e v a l u a t e  t h e  a p p r o p r i a t e n e s s  o f  

t h e i r  i n c l u s i o n  i n  ( o r  e x c l u s i o n  f rom) t h e  assessment ( 7 A ) .  Second, 

t h e  above d a t a  s e t  should be analyzed t o  develop a c l e a r ,  a c c u r a t e  

c l a s s i f i c a t i o n  system f o r  t h e  Adirondack l a k e s  (5C). By t a k i n g  t h e  A I S  

arid NSHS combined d a t a  s e t  w i t h  t h e  enhanced sarnpl ing framework d a t a  

s e t ,  t h e  r e g i o n ' s  l a k e s  c o u l d  be c l a s s i f i e d  a c c o r d i n g  t o  t h e  f u l l  

complement of  i n f o r m a t i o n .  C l u s t e r  a n a l y s i s  was one recommended 

approach f o r  d e v e l o p i n g  a l a k e  c l a s s i f i c a t i o n  system f o r  t h e  

Adirondacks (5C). l h e  t h i r d  recommindat ion was t o  deve lop  a 

h a b i t a b i l i t y  i ndex  f o r  Adirondack l a k e s  t o  e v a l u a t e  ' p o t e n t i a l '  f i s h  

h a b i t a t  (based on both p h y s i c a l  and chemical  c o n d i t i o n s )  (5C, 6E). 

e s t i m a t e s  o f  t h e  impacts  t o  7h is  i n f o r m a t i o n  would p r o v i d e  f o r  b e t t e r  

f i s h  p o p u l a t i o n s  i n  t h e  Adirondack r e g i o n  

Other  areas o f  recommended r e s e a r c h  

c h e m i s t r y  i n  t h e  Ad i rondacks  ( 7 D )  and eva 

e p i s o d i c  even ts  i n  b o t h  l akes  and streams 

hypo thes i zed  t h a t  s t ream c h e m i s t r y  should 

nc luded e v a l u a t i n g  s t ream 

u a t i n g  t h e  e f f e c t s  o f  

(6A) .  l h e  subgroup 

g e n e r a l l y  f o l l o w  l a k e  

c h e m i s t r i e s  ( i . e . ,  i f  one were t o  know some spatial d i s t r j b u t i o n  o f  

l a k e  t y p e s  i n  t h e  Ad i rondacks  t h e n  t h e  streams g o i n g  i n t o  o r  o u t  o f  

t h e s e  l a k e s  should g e n e r a l l y  f o l l o w  t h e  same c h a r a c t e r i s t i c s  o f  t h e s e  

l a k e s ) .  lo confirm the h y p o t h e s i s .  a r t r e a m  i n v e n t o r y  c o u l d  be 

conducted t h a t  would be based on t h e  s p a t i a l  d i s t r i b u t i o n  o f  t h e  lake 

t y p e s  f o r  t h e  r e g i o n  (78 ) .  l h u s ,  a sample frame f o r  streams i n  t h e  
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Adirondacks would need t o  be developed t o  e x t r a p o l a t e  Po t h e  whole 

populat ion.  N i t t i  regard t o  ep isodic  even t s ,  t h e  5amplirig of lakes 

should be based on t h e  ranye of lake types i d e n t i f i e d  in the  lake 

c l a 5 5 i f i c a t i o n  systcni developed f o r  t he  region ( S A ) .  Dif fe ren t  

ep isodic  condi t ions  a r e  expected a t  d i f f e r e n t  lake  depths and for 

d i f f e r e n t  draindge types  of lakes ( S A ) .  l h u s ,  t he  sampling would need 

t o  r e f l e c t  t h e  range of coridit ions e x i s t i n g  in t h e  Adirondacks. 

Whereas in  streanis,  t h e  epi rodic  s t u d i e s  should work ac ross  suspected 

g r a d i r n t \  of stream t y p e 5  and should be based on both t h e  lake 

c l a s s i f  i c a t i o n  and t h e  geogrdphic loca t ion .  Both snow and r a in  evef i ls  

should be inves t iga t ed .  'Ihe use  of continuous monitors was reconimi:nded 

t o  e v a  1 i i a t e  s t  n * a m  epi sodes . 

Subgroup IC: John klalanchuk (Ui5cu5sion 1-eader),  Paul Kanciruk, 
Walt Kre tser ,  S c o t t  Overton, Joe Unangst, Don Wilson 

Most of t h i s  subgroup's discu5sion centered on t h e  techniques f o r  

r e g i o n a l i / a t i o n .  l he  mort elementary form of r eg iona l i za t ion  

Le~ t )o iques  involves  making es t imates  based on regional  t o t a l s  or means 

( 5 k ) .  l h e s e  es t imates  can be based on s c i e n t i f i c a l l y  der ived ,  

s t a t i s t i c a l  (i . e . ,  p r o h a b i l i t y )  sampling designs and a r e ,  t h e r e f o r e ,  

design based. Design basrd methods provide d i s t r i b u t i o n - f r e e ,  unbiased 

' In fo rmt ion  capable of asses s ing  t h e  prope r t i e s  o f  the  sample. 

N5WS i s  one example o f  a design-based s tudy ( 5 A ) .  O n  the  o t h e r  hand, 

es t imates  can a l s o  be based on a r e l a t i o n a l  model, ( e . g . ,  a regress ion  

model), and t h e  sampling design i s ,  t h e r e f o r e ,  model based.  

The 
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Model-based sampl ing methodo log ies  a r e  c u r r e n t l y  r e c e i v i n g  s i g n i f i c a n t  

a t t e n t i o n .  l h i s  method a l l o w s  t h e  use o f  d a t a  c o l l e c t e d  by o t h e r  

means. However, i t  i s  i m p o r t a n t  t o  n o t e  t h a t  s i g n i f i c a n t  e f f o r t s  a r e  

needed t o  b r i n g  an a r b i t r a r y  d a t a  base i n t o  t h e  s t r u c t u r e  o f  t h e  

modebbased framework and t o  c o n s t r u c t  mean ing fu l  r e g i o n a l  s t a t i s t i c s  

f r o m  it. 

R e g i o n a l i z a t i o n  can a l s o  be accompl ished by a n a l y z i n g  t h e  s p a t i a l  

d i s t r i b u t i o n  o f  t he  d a t a  ( 6 F ) .  S p a t i a l l y  based r e g i o n a l i z a t i o n  can be 

used t o  genera te  c o n t o u r  o r  i s o p l e t h  maps. Here, t o o ,  t h e  sampl ing 

framework can be e i t h e r  d e s i g n  based o r  model based. I f  t h e  

p r o b a b i l i t y  sample has been des igned i n  a manner c o m p a t i b l e  w i t h  

g e n e r a t i n g  i s o p l e t h  maps, t h e n  r e g i o n a l i z a t i o n  would be r e l a t l v e l y  easy 

t o  p e r f o r m  (QF). Otherwise,  c o n s i d e r a b l e  work would be r e q u i r e d  t o  

genera te  unbiased c o n t o u r  maps i f  t h e  sample had been s e l e c t e d  i n  

a n o t h e r  manner, as was t h e  case f o r  t h e  NSWS. 

7he NSWS sampl ing framework was based on t h e  t h r e e  a l k a l i n i t y  

c l a s s e s  ( L i n t h u r s t  e t  a l .  1986) f o r  l a k e s  w i t h i n  t h e  p a r t i c u l a r  

r e g i o n .  Roughly, equal  sample s i z e s  were t a k e n  i n  each of  t h e  t h r e e  

c l a s s e s  w i t h i n  each r e g i o n .  A s  a r e s u l t ,  some d i f f i c u l t y  has been 

encountered  i n  c o n s t r u c t i n g  c o n t o u r  maps and i s o p l e t h s .  l h i s  i s  

because t h e  number o f  l a k e s  w i t h i n  each s i z e  c l a s s  ( o r  s t r a t a )  i n  t h e  

r e g i o n  a r e  v e r y  d i f f e r e n t .  l o  r e s o l v e  t h i s  s i t u a t i o n ,  t h e  d a t a  w i l l  be 

we igh ted  based on sample i n t e n s i t y .  T h i r  w i l l  y i e l d  unbiased p a t t e r n s  

f o r  i s o p l e t h  c o n s t r u c t i o n .  Unweighted con tou rs ,  on t h e  o t h e r  hand, 

would y i e l d  b iased  p a t t e r n s .  
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Most  s c i e n t i f i c  survcys  can be c lassed  as e i t h e r  d e s i g n  based 

( i  . e . ,  p r o b a b i l i t y  sample), model based, o r  judgment based,3  b u t  a l l  

t h r e e  a r e  n o t  a p p r o p r i a t e  f o r  r e g i o r i a l i / a i i o n .  Prohabi  l i t y  -bared 

5urvcys  a r e  s p e c i f i c a l l y  des igned f o r  use i n  r e g i o n a l i 7 a i i o n  i n  one 

nidriner o r  a r lo thc r .  Modcl ba5ed surveys  r e q u i r e  a d d i t i o n a l  

methodolog i e r  and e f f o r t ,  t o  corripl  et^ r e g i o n a l  i / a t  i o n ,  Adrni t Led 1 y, 

surveys  based on judgriicnt r i i n ip l t s  have a s i g n i f i c a n t  amount o f  

i n f o r m a t i o n  i n  them, b u t  i t  i s  v e r y  d i f f i c u l t  t o  b r i r i g  these da ta  i n t o  

any t y p e  o f  r e g i o n a l i 7 d t i o n  e f f o r t .  

l h e  l a r t  c a t e g o r y  o f  i n f o r m a t i o n  t y p e  t h a t  onp must d e a l  w i t h  i s  

da ta  o f  o p p o r t u n i t y .  Somet inies t h e s e  " found  d a t a "  w-i 1 1  have 

i n f o r m a t i o n  t h a t  can c o n t r i b u t e  t o  t h e  research  e f f o r t .  Rut t h e  

c a p a b i l i t y  t o  e x t r d c t  t h e  u s e f u l  i n f o r m a t i o n  f r o m  t h e  complete d a t a  ;et 

and t o  use i t  fo r  r e g i o n a l i y a t i o n  s t i l l  needs t o  be developed. 

S i m i l a r l y ,  d a t d  t h a t  a r e  b e i n g  used f o r  purposcs no t  cons ide red  i n  t h c  

o r i y i r i a l  survey  des ign  f r e q u e n t l y  have t h c  5arne p r o p e r t i e s  a s  fourid 

d a t a .  I h e r e f o r e ,  ex tend ing  t h e i r  u \ e  f o r  purposes beyorid t h o s e  f o r  

wh ich  t h e y  were o r i g i r r a l  l y  d r s i g n e d  r e q u i r e s  c o n s i d e r a b l e  thougt i t  and 

e f  f o r 1  ~ 

1 he 

samp 1 i ng 

reg i orra 1 

t h e  d i f f  

r e g  i onn 1 

reconmendst i o n  f o r  r e g i o n n l i y a t i o n ,  then, i s  t o  develop a 

framework and survey  p l a n  t h a t  w i l l  be compa t ib le  w i t h  

lation necdr ( 6 f ) .  However, i t  i s :  a l s o  i m p o r t a n t  t o  recogr1ii.e 

c u l t i e s  a s s o c i a t e d  w i t h  b r i n g i n g  new d a t a  i n t o  any t y p e  o f  

z a t i o n .  

3JudrJrnrnt based 5urveys a r e  n o t  based on p r o b a b i l i t y ;  t h e y  a r c  based 
on t h e  r e s e a r c h e r ' s  impress ion  (i . e . ,  p u r p o s i v e  s e l e c t i o n )  o f  t h e  
avcr,ige p o p u l a t i o n  f o l  l o w i n g  i n s p e c t  i o n  o f  t h e  whole p o p u l a t i o n  arid 
shou ld  o n l y  be u\ed f o r  small, heterogeneous p o p u l a t i o n s .  
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Iowa, Schnoor e t  a1 1985). 

Wurrsaker e t  a1 . , i n  p r e p . ) ,  

Baker and Harvey 1984) .  I n  

and t h e  NSWS. should be ava 

22% (Oak Ridge 

arid 23% (North 

a d d i t i o n ,  resu 

l a b l e  soon. w 

GROUP 11: PRLDICTING IMPAClS I N l Q  ‘114L F U l U R k  - -  Kent lhorn ton ,  
Coordinator 

Subgroup IIA: J e r r y  Schnoor (Discussion Leader),  Mark David, 
Richard Durfee, Jerry Gruendling, Greg Nallon, Carolyn 
Idunsaker, Joe Nicol l e t t e ,  and Jearine Pariek 

Before beginning t h e i r  assigned t a s k ,  t h e  subgroup members decided 

i t  was best t o  cons ider  t he  adequacy of cu r ren t  damaye es t imates  $0 

t h a t  they bad a firm b a s i s  f o r  d i r cuss ing  approaches t o  p r e d i c t  f u t u r e  

impacts. ilhe subgroup concluded t h a t  t h e  necessary research i s  

c u r r e n t l y  being conducted o r  has becn completed f o r  es t imat ing  impacts 

through 1989. Three d i f f e r e n t  es t imates  f o r  t he  number of ac id  lakes 

i n  t h e  Adirondack Region were presented a t  the workshop. Alttiaugh 

these  ertimates were generated by independent subgroups using d i f f e r e n t  

methods, t h e  r e s u l t s  a r e  s i m i l a r .  t s t i rna tes  were 18% (Univers i ty  of 

National I abora tory ,  

Carol i na S t a t e  IJn i vers  ily , 

i s  from t w o  surveys,  t he  A1.S 

t h  t h e  de td i l ed  su r face  

waler chemistry a v a i l a b l e  from these  surveys,  add i t iona l  es t imates  of  

the  number of lakes a f f e c l c d  by anthropogenic a c t i v i t i e s  w i l l  be 

fo r thcoming .  l h e r e f o r e ,  n o t  o n l y  i s  i t  known what percent  of t h e  lakes  

a r e  a c i d ,  b u t  i t  should a l s o  be pos5ible  t o  make an es t imate  o f  the 

percent  of those  t h a t  have a s t rong  organic ac id  inf luence  r e l a t i v e  t o  

t h o s e  dominated by anthropogenic s u l f a t e  arid n i t r a t e  (56). 

Several research needs assoc ia ted  w i t h  developing cu r ren t  

es t imates  w e r e  i d e n t i f i e d .  Add4tional bioassay work i n  t h e  area o f  

episodic  events  should be done, e s p e c i a l l y  w i t h  the  more s e n s i t i v e  l i f e  

s t a g e s ,  t o  e s t ima te  a wors t - ca re  event ( i . e * ,  no refuge s i t e  f o r  



ORNI./ I M  I0044 6h 

a q u a t i c  organis ins) ( 6 6 ) .  Mea5uring chemical  changer d u r i n g  e p i s o d i c  

evcbnt5 arid eva l i i c i t  i r ig how t h e s e  r e l a t e  l o  watersheds w i t h  " f l a s h y "  

hydrogrdphs (where e p i r o d i c  evcn ts  a r e  most  l i k e l y  t o  o c c u r )  were a l s o  

recomrnended ( 6 A ) .  I t  i s  expcc led  I h d t  r e l a t i o n s h i p s  between f l a s h y  

hydrographs a n d  watc r rhed  c h a r d r t e r i s t i c s ,  r u c h  a s  dep th  t o  bedrock,  

cdn be i d e n t i f i e d  u s i n g  a r s o c i a t i o n a l  o r  s t a t i s t i c a l  models ( 6 A ) .  l h e n  

e s t  irndler o f  t h e  number o f  watersheds w i t h  f l a s h y  hydrographs i n  t h e  

r e g i o n  can be d e r i v e d .  

1 he 5UbqroUp' s reconimended approach t o  p r e d i c t  f u t u r e  impacts  l o  

squat  i c  systeriis i n v o l v e d  t h e  developrnfnt  o f  second g e n e r a t i o n  models 

( 5 1 ; ) .  H o w v c r ,  s e v e r a l  o t h e r  approaches were cons ide red .  l h e  use o f  

t i m e  s e r i e s  a r rd l ys i s  was r e j e c t e d  because o f  t h e  l a c k  o f  s u f f i c i e n t  

h i s t o r i c a l  datd. Simple s teady  s t a t e  models were a l s o  r e j e c t e d  because 

t t i c y  l a c k  a tempord l  t r e n d  component. l h e  D i r e c t  -Delayed Response 

P r o j e c t ' s  ( D D R P )  approach was p a r t i a l l y  r e j e c t e d  because i t  l a c k s  

c o n s i d e r ( j t  i o n  o f  some i m p o r t a n t  p rocess  ques t i ons .  I f ,  however, 

i t  were coup led  w i  L h  t h e  necessary p rocess  research  (m ine ro logy ,  

hyd ro logy ,  e t c . ) ,  t h e n  t h i s  m o d i f i e d  D D H P  approach would show promise  

( S f ) .  

I n  c a l l i n c  f o r  t he  development o f  second g e n e r a t i o n  models, t h e  

f i r s t  recommendation was t o  make r i m p l e  models more complex ( e . g . ,  

i n c l u d e  t i m e  t r e n d s ,  arid r e l a t e  them, a s  b e s t  a s  p o s s i b l e ,  t o  

m u l t i v a r i a t e  s t a t i s t i c a l  models) ( 5 6 ) .  Nex t ,  complex models shou ld  be 

made more s imp le  ( 5 6 ) .  An example o f  t h i s  i s  t h e  11-WAS ( I n t e g r d i e d  

Iake-Watershed A c i d i f i c a t i o n  Study)  model wh ich  needs t o  have 

un impor tan t  processes removed f r o m  i t  b e f o r e  i t  can be used a s  an 

assessnient model. F i n a l l y ,  more s t a t i s t i c a l  t echn iques  shou ld  be 
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coupled w i t h  simple process  models ( b F ) .  Variance-covariance matrices 

and p r o b a b i l i t y  dens i ty  func t ion  models ( i . e . ,  those  developed by 

Witch Small at Carnegie-MeIlon University) a r e  t w o  promising examples 

( f p H ) .  

Spccific a reas  t h a t  need add i t iona l  research t o  be a b l e  t o  p r e d i c t  

f u t u r e  impacts inc lude  mineralogy ( 6 B ) ,  hydrology (6C). s u l f a t e  

exchange ( b Q ) ,  i n  - lake processes ( 6 0 ) ,  and damage funct ion es t imates  

(SG). Mineralogy and hydrology research were assigned top  p r i o r i t y  

because t h e y  provide process  information f o r  a l l  models. I h e  r a t e  of 

mineral weathering ( b o t h  l abora tory  and f i e l d  s t u d i e s ) ,  the dependence 

o f  weathering on pE0, and the rep accmerit r a t e  o f  base catiorts were 

noted a s  important mineralogical  processes  t h a t  require add i t iona l  

s t u d y  (58). Sini i la r ly ,  hydrolog ca?  research should eva lua te  

subsurface flow and i n v e r t i g a t e  poss ib l e  c o r r e l a t i o n s  w i t h  waterrhed 

d e s c r i p t o r s  ( 6 6 ) .  Other research recommendations, b u t  of l e s s e r  

importance than t h e  above, included eva lua t ing  s u l f a t e  exchange ( b o t h  

the hydrogen dependence and t h e  organic  su l fur  p o o l )  ( G D )  and 

eva lua t ing  i n  - lake processes  (ne t  s c l f a t e  reduct ion o r  incorporat ion 

and a l g a l  u p l ~ k t ?  of  n i t rogen)  (be) ) .  l a s t l y ,  t he  subgroup noted t h a t  

damage func t ion  es t imates  should not be l imited t o  cons tan t  depos i t ion  

l e v e l s  a t  cu r ren t  loadings (58); add i t iona l  mode?ing o r  s t a t i s t i c a l  

research f o r  r e a l i s t i c  deposition l e v e l s  a r e  necded ( 6 S ,  7 F ) .  
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Subgroup I1B: Jack Cosby ( D i s c u s s i o n  l e a d e r ) ,  Ken A d a m ,  
S i g  Chr i s tensen ,  Bi 11 F a l l o n ,  R i c h  Holdren, F.d Kaplan, 
D i c k  Rush, Robb l u r n e r ,  Roh Newton 

1 he recomrncrided approach s e l e c t e d  by t h i s  subgroup was somewhat i n  

agreement w i t t i  t h a t  reconmerided b y  Suhgroup 1114. 1 ime s e r i e s  

approaches were a l s o  r e j e c t e d  f o r  e s t  ima t  irrg f u t u r e  in ipac t r ,  becaure  o f  

t h e  d a t a  l i m i l d t i o n 5 .  Membcr5 o f  t h i s  rubgroup f e l t  t h a t  s t a t i s t i c a l  

niodcls a lone  w o u l d  p r o b a b l y  n o t  bc s u f f i c i e n t  f o r  p r e d i c t i n g  f u t u r e  

e f f e c t s  due t o  t h e  p a u c i t y  o f  da ta  w i t h  wh ich  t h e  models can be 

c o n s t r u c t e d .  l h e y ,  t h e r e f o r e ,  recommended t h a t  the approach draw on 

mechdri ist i c  models beCaiJrc! t h e s e  model.; embody t h e  b e s t  unders tand ing  

o f  t h e  p roces res  a f  f e c t  i n g  l o n g  - t e r m  dynamic re rpor i res  o f  catchivierit 

w a l c r  q u a l i t y  t o  a c i d i c  d e p o r i t i o n  ( 5 6 ) .  l h c  f u l l  range o f  dynamics 

i n h e r e n t  i n  t h e  rnechan is t i c  models N I U ~ ~  be unders tood,  howcver, i f  t h e y  

a r e  t o  be a p p l i e d  on a r e g i o n a l  s c a l e .  l h u s ,  t h e y  concluded t h a t  t h e  

developnienl o f  a p r e d i c t i v e  p r o t o c o l  shou ld ,  i n  a l l  l i k e l i h o o d ,  i n v o l v e  

t h e  use o f  b o t h  n iec t ian is t i c  and s t d t i s t i c a l  d e s c r i p t i o n s  o f  lake  

responses (5t4, 61.). U n l i k e  Subgroup I I A ,  who recommendcd t h e  

development o f  con t i nuous  dijmagc f u n c t i o n s  f o r  v a r i o u s  d e p o s i t i o n  

l e v e l s ,  t h e y  recornmended t h a t  t h i s  f i r s 1  a t t e m p t  a t  making r e g i o n a l  

p r e d i c t i o n s  shou ld  look a t  a w o r i t  -case s c e n a r i o  u s i n g  c o n r t a n t  

d e p o s i t i o n  (58). Necdless t o  say, t h e  subgroup d i d  agrec  t h a t  a n a l y s i s  

o f  s e v e r a l  d i f f e r e n t  s c c n c i r i o \  would p r o v i d e  useful i n f o r m a t i o n  ( 5 B ) .  

In l o o k i n g  t h e n  a l  f u t u r e  impact\  b a l e d  on cons ld r i t  d e p o s i t i o n  l e v e l s ,  

I t r e  subgroup reviesJcd t h e  approach f o r  r e g i o n a l i / a t i o r r  adopted b y  t h e  

I)I)RP i n  o r d e r  t o  a s s e s s  i t s  advantdger and d isadvantages .  



Developnienl of a c l a s s i f i c a t i o n  scheme f o r  the  lakes  in  t h e  region 

was suygested a r  a f i r s t  s t e p  toward reg iona l i7a t ion  (5C). In 

p a r t i c u l a r ,  t h i s  could Serve t o  enhance e f f o r t s  t o  determine the 

behavior of organic - r i c h  lakes  w i t h  r e rpec t  t o  a c i d i c  deposi t  ion. A 

p a r t i c u l a r  research need i d e n t i f i e d  f o r  t h i s  e f f o r t  concerned the  

e f f e c t s  o f  organ 

e s t  i Ria t e 'I mpa c t s 

whet her reg i ona 1 

would h e  appropr 

c s  on alumjnuni o r  pli ,  which a r e  c u r r e n t l y  used t o  

( 5 f ,  b o ) .  However, t h e  subgroup could not agree  a s  t o  

z a l i o n  s h o u l d  be attempted f o r  a l l  lakes or  whether i t  

a l e  t o  do p red ic t ions  f o r  d i f f e r e n t  c la5ses  o f  l akes .  

7he concern war ra i sed  t h a t  seepage and drainage lakes might  show 

s i g n i f i c a n l  d i f f e rences  i n  t h e i r  mode of response (i . e . ,  t e r r e s l r i a l  

vcrrus  i n  lake processe5) .  Most, if not a l l ,  ex t an t  models deal w i t h  

t e r r e s t r i a l  processes  predomir iant ly and hence p ro jec t ions  may he 

appliciJblc only t o  drainage lakes .  Addit'lonal d i scuss ion  and/or 

research i s  needed t o  reso lve  t h i s  ques t ion .  

7he subgroup f e l t  t h a t  the  development of a p r e d i c t i v e  protocol  

should he an i t e r a t i v e  procedure.  The f i r s t  a t tempt  a t  reg iona l i7a t ion  

[ i . e . ,  t h e  f i r s t  a s s e s m e n t  from t h e  Direct/Delayed Response Pro jec t  

(DDKP) which i s  due in  19871 should be used t o  i n d i c a t e  gaps i n  the 

da ta  and i d e n t i f y  research required f o r  aubsequent a t tempts  ( 4 C ) .  

Further support  f o r  research e f f o r t ;  l o  examine, modify, and r e f i n e  t h e  

p r e d i c t i v e  protocol would be necessary t o  provide an improved ( o r  a t  

l e a s t  a b e t t e r  understood) product ;or  the 1989 assessment.  In 

p a r t i c u l a r ,  looking a t  t h e  UDRP as i t  i s  c u r r e n t l y  s t ruc tu red  w i t h  

process models forming i t s  core ,  severa l  a r eas  were i d e n t i f i e d  t h a t  

could p o t e n t i a l l y  genera te  major ob jec t ions  t o  the conclusions w h i c h  

w i l l  come from the DTIRP. 
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b ' lo ta  t o  e p i 5 o d i c  a c i d i f i c a t i o n  ( 5 k ,  bA, 6 6 ) ;  and ( 3 )  de te rm in  

r o l e  o f  o r g a n i c s  (brownwater)  i n  c o n t r o l l i n g  aluminum a v a i l a b i  

and/or  b u f f e r i n g  a t m o s p h e r i c a l l y  d e r i v e d  s t r o n g  a c i d s  ( 5 k ,  60) 

Immediate a t t e n t i o n  t o  these areas  f o r  both process  - l e v e l  s t u d i e s  

arid i n t e g r d t i v e  ana lyses  was recommcndcd. I n  sonic cases, new progrdnis 

need t o  he e s t a b l i s h e d ;  i n  o t h e r  cases, e x i s t i n g  research  programs need 

t o  be r e v i s e d .  S p e c i f i c a l l y ,  a reas  needing a d d i t i o n a l  research  i n c l l i d e  

( 1 )  e v a l u a t i n g  t h e  r o l e  of o r g a n i c  m i n e r a l i ? a t i o n  and/or  F i x a t i o n  o f  

s u l f u r  and t h c  r o l e  of r r r i n e r d l i 7 a l i o n  ( i n  t h e  l a k e  o r  watershed) i n  t h e  

p r o d u c t i o n  o f  a l k a l i n i t y  ( ! i f ,  68);  ( 2 )  e v a l u a t i n g  h y d r o l o g i c a l  

re5ponses ( 5 1 ,  6 C ) ,  p a r t i c u l a r l y  t h e  mechanism and dynamics o f  e p i s o d i c  

pH or a l k a l i n i t y  depress ion ,  and, more p a r t i c u l a r l y ,  t h e  response o f  

ng t h e  

i t y  

l h e  

r e \ u l t s  o f  t h i s  research  need t o  be i n c o r p o r a t e d  i n t o  t h e  e x i s t i n g  

p r o c e s i  models ( 5 i - ) .  W i t h  r e s p e c t  t o  m ine rd logy ,  t h e  process  models i n  

t h e  DUHP r e l y  v e r y  h e a v i l y  on e s t i m a t e s  f o r  weat t ier i r ig  r a t e s .  T h i s  

ng t h e  robus tness  of t h e  

he p e r s i s t e n c e  r a t e s  f o r  

c a t  i oris a r e  rep1  en i shed. 

be improved, and an 

i nc reased  unders tdnd ing  o f  t h e  r e g i o n a l  v a r i a b i l i t y  of weathe r ing  o r  

i t s  tempora l  changes i n  response t o  a c i d i c  d e p o s i t i o n  must be ach ieved 

( 6 8 ) .  l h e r e f o r e ,  t h e  research  t o  e v a l u a t e  p r i m a r y  m i n e r a l  wea the r ing  

i n  a v a r i e t y  o f  t hese  systems needs t o  b e g i n  immed ia te l y  i n  o r d e r  t o  

have r e s u l t s  ready f o r  use i n  t h e  1989 assessment. The n e x t  a rea  of  

concern  i n v o l v e d  h y d r o l o g y  o r  t h e  f l a s h i n e s s  of t h e  response. 

o f  assessing chemica l  impacts,  i t  was dec ided  t h a t  t h e r e  was no a 

In te rms 

t h e n  i s  a v e r y  i m p o r t a n t  aspec t  of e v a l u a t  

p rogram'5  r e r u l t s .  7 he recove ry  r a t e s  o r  

t h e s e  models depend on how f a s t  lhese base 

tsi i ir iates of m i n e r a l  wea the r ing  r a t e s  must 
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priori reason from a purely chemical point of  view that one would want 

t o  know if there was a lot o f  variability in chemical rtatus in the 

short term. However, the implicit idea khat ultimately these effects 

are going to be linked to biological impacts and that short periods 

with low pH might be very important in terms o f  the biological status 

lead us to believe that more attention should be given t o  these process 

models and more informalion is needed about the distribution o f  

flashiness or variability throughout the region ( 5 F ,  6A). Ihe 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 n o t  all, mechanistic nodels have been built to describe 

chemical responses. If the prediction o f  biological effects is to be 

undertaken, a closer cooperation between the physical/chemical 

researchers/modelers and the biological effects people should be a 

priority in future work ( 4 B ) .  In terms of coupling these types of 

chemical projections to biological effects, the types of data needed by 

biologists to develop an appropriate index, such as the one developed 

by Baker and Harvey (1984) murt be identified (4C). The chemical 

models are producing certain sets o f  outputs, and if these are not 

compatible with the known o r  assumed inputs for a biological index, 

then there is no direct way of coupling the regional chemical 

assessment to a regional biological assessment. Some o f  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 



sca les  o f  t h e  p h y ~ i c a l / c h e m i c a l  models c o n s i s t e n t  w i t h  what i s  

undcr,lood about t h e  b i o l o g i c a  1 e f f e c t s ?  1 h e r e f o r e ,  some d i s c u s s i o n s  

and p l a n n  rig riecd i o  be under taken now,. 

f i r ia  l y ,  g i v e n  t h e  l a r g e  arrioiint o f  rnoriey and t h e  l a r g e  number o f  

subgroups work ing  on the problem, A consc ious  and concer ted  e f  f o r t  m u s t  

be mddc l o  i n t e g r d l e  a l l  t h e  d a l d  and the research  r e s u l t s .  l h e r e f o r e ,  

i t  i s  in ipor t< jn l  t o  n o t e  t h a t  furids need t o  be a l l o c a t e d  f o r  ana lyses ,  

i ind d a t a  cxctiarige and s y n t h e s i s  (4A). 

3 u t q r o u p  I1C:  C h r i s  Iioogendyk ( D i s c u s s i o n  I eadc r ) ,  Ph i1  Coleman, 
Nancy D a i l e y ,  Geargc Dav is ,  l e d  H inds ,  F-d H a s t e t t e r  

Subgroup d i s c u 5 r i o n s  focused more on t h e  v a r i o u r  techniqirc.c, f o r  

r e g i o n a l i / d l \ o n  dtternpls p e r  \ e .  A b a s i c  f ramexork was agrecd on, biit  

mort o f  t h e  d i s c u s s i o n s  focused on d e t a i l s  f o r  imp lement ing  d i f f e r e n t  

aspec ts  o f  t h e  o v c r d l l  f rdniexork.  l h e  s t a t i s t i c a l  aspec ts  o f  t h e  

a c t u a l  implenienldt  i o n  o f  a r e g i o n a l i r a t i o n  process  were no ted  a 5  v e r y  

i rnpo r tdn t .  I h e  rubgroup acknowledged t h d t  s e v e r a l  problems e x i s t  t h d t  

have n o t  bcen d e a l t  w i t h  i n  any d e t a i l  by e i t h e r  r t a t i s t i c i a n s  or 

process  mode lers .  On t h i s  b a s i s ,  t h e  subgroup recorrimended t h a t  

s i g n i f i c a n t  e f f o r t s  shou ld  be p laced  on t h e s e  problems and t h a t  r e v c r a l  

p r o j e c t s  shou ld  be i n i t i a t e d  wh ich  would focur on t h e  a c t u a l  

r e g i o n a l i 7 a l i o n  process .  S p e c i f i c a l l y ,  a number o f  s t a t i s t i c i a n s ,  

p rocess  modr le r5 ,  and rese;lrch sc ient  i s t \  shou ld  j o i n t l y  develop 

i i iethods t o  coup le  arid i n t e g r a t e  t h e  process  o r i e n t e d  research  arid 

mode l ing  w i t h  the  s t d l  I s t i c a l  methodology f o r  r e g i o n a l i / a l i o n  (511, b l ) .  
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l h e  bas ic  framework recommended by t h e  subgroup was f a i r l y  simple 

arid s t r a igh t fo rward .  1he overa l l  s t r u c t u r e  r e f l e c t s  work accomplished 

i n  Brookhaven #at  ional Laboratory’s AQUA1 t tCIS  and the NSHS ( a l s o  

reconmended f o r  the DDRP) ; b u t  more important ly ,  t h e  bas ic  framework 

can be seen t o  be common t o  a l l  of fl-here p r o j e c t s .  The framework 

u t i l i 7 e s  a t h r e e t i e r e d  view of t h e  regional  assessment t o  c;et the 

s t a g e  f o r  s t a t i s t i c a l  analyses  ( 5 1 ) .  I h e  f i r s t  t i e r  c o n s i s t s  of  a 

subgroup of research watersheds4 t h a t  undergo de td i  led 

process or ien ted  research ( 5 1 ) .  1ti is research should provide the  

information necesrary t o  cons t ruc t  t l e td i led ,  

such a s  the ZI.WAS model. Froni t h i s  c lo re  i n  

understanding of watershed processes a r i s e s ,  

t o  deterrriinc w h i c h  processes  a r e  the most irn 

process -oriented models, 

e r a c t i o n ,  a bcllezr 

and i t  should be poss ib le  

o r t a n t .  Thc evolving 

knowledge and experimentation with t h e  rriodels help guide the research 

l h e  second t i e r  c o n r i s t s  of a r t a t i 5 L i c a l  survey o f  a l a r g e r  riumber o f  

watersheds ( 5 1 ) .  l h e  variables surveyed rhould be se l ec t ed  on the 

bas i s  o f  irtforrriation derived f r om t h e  rerearch watersheds regarding the 

important processes .  Sirnpler modelr, [such as  IY~C~~$-QQWTI ,  Steady 

S t a t e  (Schnoor e t  all .  1985) ,  or MAGIC (Cosby e t  a l .  1985) would then be 

app l i ed .  These simpler models a re  based on t h e  r e s u l t s  of the more 

complex process models a t  t h e  research watershed l eve l .  The ul t imate  

goal i s  t o  make inferences  about  t h c .  condi t ion  of the whole population 

of watershcds in t h e  s t u d y  region ( I h e  t h i r d  t i e r )  (51 ) .  Ihe  watershed 

41he b a s i c  example c i t e d  here r e f e r s  t o  a populat ion of watersheds,  
b u t  cer l i t in ly  one could u t i l i z e  lakes ,  strennir,  o r  bod i t s  of  waler i n  
general  a s  t h e  populat ion.  The d e t a i l r  o f  implementation would be 
d‘I f fe ren t ,  b u t  the ovcrd l l  concepts remain the =iame. 
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survey  can t a k e  i n t o  account  t h e  d i f f e r e n t  k i n d s  o f  watersheds and 

I h c  d i f f e r e n t  typcs  o f  response t o  v a r i o u s  l e v e l s  o f  p o l l u t i o n  

l o a d i n g .  Thus, t h e  s u r v e y ' s  s t a t i s t i c a l  sampl ing d e s i g n  can be q u i t e  

complex, i n v o l v i n g  s t r a t i f i e d  o r  m u l t i s t a g e  samplirry w i t h  unequal 

p r o b a b i l i t i e s .  On t h i s  s i m p l e  framework, any number o f  the 

c o m p l e x i t i e s  and d e t d i l s  o f  survey  r a m p l i n g  and process mode l ing  can be 

c,uper imposed. 

C e r t a i n l y ,  t h e r e  a r c  a number o f  approaches a v a i l a b l e  f o r  

p a r m e t e r  e s t i m d t i o n  f o r  any p a r t i c u l a r  process model one m i g h t  want t o  

use i n  t h i s  framework. The s p e c i f i c  d e t a i l s  o f  t h e s e  approaches can be 

argued and, i n  many caser ,  w i l l  have t o  be worked o u t .  One o f  t h e  

b a s i c  concerns i s  how t o  de termine o p t i m a l  model c o m p l e x i t y .  I f  t h e  

watersheds were q u i t e  s i m i l a r ,  t h e n  one m i g h t  choa\e t o  a p p l y  t h e  I L W A S  

model t o  a h a n d f u l  o f  t h e  watersheds and make r e g i o n a l  e s t i m a t e s  u s i n g  

t h a t  p r o j e c t i o n .  A l t e r n a t i v e l y ,  i f  t h e r e  were many watersheds w i t h  

s i g n i f i c a n t  v a r i a n c e  among them, a s i m p l e r  process model a p p l i e d  t o  a 

l a r g e r  number o f  watersheds m i g h t  g i v e  a more p r e c i s e  r e g i o n a l  e s t i m a t e  

f o r  t h e  c o s t .  7he a l l o c a t i o n  o f  funds f o r  t h e  a n a l y s i s  o f  t h e s e  

t r a d e o f f s  i n  advdnce can r u b s t a n t i a l l y  improve t h e  c o s t  e f f e c t i v e n e s s  

o f  f u t u r e  e x p e n d i t u r e s .  f o r  a g i v c n  c o s t ,  t h e  number o f  watersheds 

surveyed w i l l  depend on t h e  i n t e n s i t y  o f  measurement on each watershed, 

wh ich  i n  t u r n  depends on ( o r  de termines)  wh ich  models can be a p p l i e d  t o  

Ihc survey  watersheds. l a k e n  t o g e t h e r ,  t h i s  a l o c a t i o n  o f  e f f o r t  

w i t h i n  and among watersheds de termines  t h e  u l t  mate p r e c i s i o n  o f  t h e  

r e g i o n a l  assessment. 
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Next, e f f o r t s  need t o  focus on p r e d i c t i v e  e r r o r  ( o r  e r r o r  var iance 

of r ea l  da ta  about a model p red ic t ion )  t o  reduce the var iance i n  making 

es t imates  f o r  t he  future. The model should be compared a g a i n s t  rea l  

da t a  t o  see  how c l o s e l y  i t  matches. Ce r t a in ly ,  complex models have 

"kriobs" and " d i a ? s "  t h a t  can be t w i s t e d  and turned t o  make them f i t  a 

s e t  o f  d a t a .  However, i n  a con t ro l l ed  environment, t h e  model i s  f i t t e d  

t o  one s e t  of  d a t a ,  and i s  t h e n  usec t o  make p red ic t ions  f o r  another  

s e i .  The models t h a t  do not work a r e  omit ted,  and those  t h a t  do a r e  

used f o r  f u r t h e r  ana lyses .  I t  i s  not known whether the simple o r  

complex models w i l l  w i n  ou t  i n  t h e i r  con t ro l l ed  environment. R u t  t h i s  

i s  t h e  environment wi th in  which p red ic t ions  o f  the future necessa r i ly  

have t o  be made. I t  i s  t h e  only way of t r u l y  t e s t i n g  a model. 

' Iherefore ,  we should be ca re fu l  t o  focus or1 p r e d i c t i v e  e r r o r .  

In t h e  s t d t i s t i c a l  sampling framework, power c a l c u l a t i o n s  can be 

used t o  design long-term monitoring o r  f i e l d  surveys i n  terms of  

decis ion  making. For example, choose a nul l  hypothesis t h a t  t h e r e  i s  

no change ( i . e * *  t h a t  a t  a c e r t a i n  leve l  of depos i t ion  nothing i s  going 

t o  happen); no lakes  a r e  going t o  s h i f t  in one way o r  ano the r ,  The 

ob jec t  i s  Lo be ab le  t o  d e t e c t  a p a r t i c u l a r  a l t e r n a t i v e  hypothesis ,  

perhaps t o  detect.  whether 5% of the lakes  reach a c r u c i a l  th reshold  of 

e The procedure i s  t o  s t a t e  an a l t e r n a t i v e  hypothesjs  and compute 

var iance  es t imates  based on r u n n i n g  the  models a g a i n s t  rea l  da t a .  The 

pred-ict ive e r r o r  and var iance  w i t h i n  and among t h e  watersheds can be 

used w i t h  t h e  power c a l c u l a t i o n s  t o  determine i f  a change can be 

de tec ted  based on a p a r t i c u l a r  survey design.  I f  no t ,  t h e  design can 

then  be modified.  
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Another qups t i o r i  t h a t  needs f u r t h e r  s t u d y  concerns t i m e  dependent 

response\ i n  watersheds and, i n  t h e  process, models t h a t  rep regen t  

t h e ~ i .  H i s t o r i c a l  da ta  need t o  be i n c o r p o r d t e d  i n t o  t h e  sampl ing  frdii ie 

o f  t h e  su rvey  watersheds (76)  ( i . e . ,  A I S ,  or NSWS, o r  t h e  DDHP), or 

i n l o  o t h e r  d e s i g n  progrdiiv,, so t h a t  inferences about t h e  e n t i r e  

p o p u l a t i o n  o f  watershed3 can be made. i o  e s t i m a t e  p a r m e t e r 5  f o r  the  

models, make p r o j e c l  i o n s ,  and calculate p r e d i c t i v e  e r r o r  va r iances ,  

l i m e  dependent data  a r e  e s s e n t i a l  ( 6 F ) .  D i s c r i m i n a n t  f u n c t i o n s  o r  

c l u r t e r  a n d l y s i s  c o u l d  be used t o  i n c o r p o r a t e  h i s t o r i c a l  d a h  se t s  i n t o  

t h e  sampl ing  frame o f  t he  surveys  ( 5 U ,  IG). 
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CHAP1 t K  V: WORKSHOP HtCOMMtNDAI ION5 

I h e  primary ob jec t ive  of t h e  workshop was t o  examine a l t e r n a t i v e  

approaches f o r  applyirig aquat ic  da ta  from s p e c i f i c  s i t e s  and surveys t o  

add i t iona l  arear with in  a region o r  t o  broader region!, f o r  analysis arid 

assessment.  The plenary se s s ions  provided background information on 

cur ren t  research e f f o r t s ,  f u t u r e  re5earch needs, and data  resources ,  and 

providpd discuss ions  on e x i s t i n g  s t a t i s t i c a l  arid process models. Thc 

following reconmendat ionr w e r e  l a rge ly  d e r i v e d  from the workirlg group 

d i r cuss ions  but a l s o  r e f l e c t  recomrnmdatiortr o f fe red  i n  the o the r  

s e s s i o n s ,  In essence ,  t h e  major i ty  of t h e  recomrriendations emphasize t he  

incompletenesr of t he  information bdse on t he  extent  hind niechdnics o f  

a q u a t i c  impacts i n  t h e  Adirondack Region and a c r o s s  t h e  United S t a t e s  a s  

a whole. T h e  reconimen~Jat’ion$ were compi;ed by the  au thors  of  t h e  

procecdirrgs and were c i r c u l a t e d  t o  :he workshop steering committee Car 

t h e i r  r e v i e x  and comment. 

Overa l l ,  a number o f  r e rea rche r s  recommended t h a t  adequate funding 

( t imely  arid suf ficcient)  f o r  both f i e l d  research and subsequent analyses  

(synt t ies i r  and i n t e g r a t i o n )  o f  t h e  data  be provided. I h e y  a l s o  

reconmended t h e  es t ab l  ishnient of mechanisms t o  promote information and 

data exchange, such a i  sponsoring pcriod i c  regional  workshops o r  

e s t a b l i s h i n g  an information c lear inchouse .  l h e  e f f ec t iveness  of  f u t u r e  

reg iondl ixa t ion  e f f o r t s  w i l l  be very dependent on e s t a b l i s h i n g  an 

organi /ed d a t a  c o o r d i n a l i o n / a d m i n i ~ t r d t i o n  e f f o r t  such a s  t h e  Acid 

Dcpos i t  i on Data Network ( AOONt- I ) spunsored by F: PA and D O E .  
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Al though s e v e r a l  approaches f o r  r e g i o n a l i / d t i o n  were recorrirriunded, t w o  

r e c e i v e d  l.:jdesyreijd cor isen\u\ .  One approach c a  I Icd f o r  t h e  devrlopmt?nt 

o f  a c l a s s i f  i c d t  i o n  syslern f o r  r u r r a c t  wahers and watersheds. lhe  

c l a s s i f i c a t i o n  system c o u l d  u t i l i L e  watershed, chemica l ,  o r  b i o l o g i c a l  

c r i t e r i a ,  depending on t h e  5pec i f  i c  e n v i  ronrriental in ipac t (s )  ur idcrgoing 

e v a l u a t  ion.  1 he recnrid dpproarh  i n v o l v e d  t h e  development o f  second 

gcnr ra t io r i  models; making s in rp l r  models miore complex and complex niodels 

niore r i m p l e .  f o r  example, t i m e  t r e n d s  a n d  processes 5hown t o  be 

in ipor lan t  by mu1 1 i v a  r i a t  e r t d t  i s t i  ca 1 rriode 1s c o u l d  be i ncorpo ra t  ed i n l o  

s imp le  mode l \ .  I i k e w i s c ,  l e s s  i m p o r t a n t  processes c o u l d  be removed f ron i  

complex models t o  s i n i p l i f y  t h e i r  use. O v e r a l l ,  t h e  i t e r a t i v e  n a t u r e  o f  

any r e g i o n a l i / a t i o n  approach was efl iphd\i/ed. 

Numcrous resedrch  needs were i d e n t i f i e d ,  bu t  f o u r  seeriled t o  be o f  

p r i n i i j r y  i n t e r e s t .  f i r s t ,  environrr icnldl  responses t o  e p i s o d i c  events  m u s t  

be PVdllJated i n  trrrr is o f  waicrstrcd a t t r i b u t e s ,  w a t e r  chemis t r y ,  and 

b i o t i c  rc’sponse. I u t u r e  mode l ing  endeavors M i  1 1  r e q u i r e  a d d i t i o n a l  

n i i r i e r o l o g i c a l  r e 5 f a r c h ;  somie o f  t h e  key  e f f o r t s  i n c l u d e  d e t e r m i n i n g  r a t e r  

o f  m i n e r d l  wea the r iny  and replacement o f  ba\e c a t i o n s ,  and e v a l u a t i n g  t h e  

hydrogen i o n  depcndcnce o f  weather i ng .  Quant i f i c a t  i o n  o f  t h e  e f f e c t s  o f  

a c i d i f i c a t i o n  on b i o t d  th rough  a d d i t i o n a l  i n  s i t u  b ioassays ,  l a b o r a t o r y  

b ioassays ,  and whole l a k e  a c i d i f  i c a t  i o n  5 t u d i e s  were also recommended. 

I n  a d d i t i o n ,  c l o s e r  c o o p e r a t i o n  between researchers  and modelers o f  

p h y s i c a l / c h e m i c a l  e f f e c t s  and t h e  b i o l o g i c a l  e f f e c t s  was deemed i m p o r t a n t  

f o r  f u t u r e  e f f o r t s  t o  coup le  r e g i o n a l  chemica l  assessments t o  r e g i o n a l  

b i o l o g i c a l  assesrmenl5.  L a s t l y ,  research  i s  needed t o  deve lop  approaches 

f o r  r e g i o n a I i T a t i o n ,  such a s  t h e  c o u p l i n g  of s t a t i s t i c a l  and proceFs 
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models, developing probability density functions, and analyzing and 

displaying spatial data. 

Extensive data are needed t o  support all regionali7ation approaches, 

including data derived f r om the research mentioned above and data on 

site-specific characteristics. Recommendations focused on developing a 

complete inventory of lakes and streams ( i . e . ,  name, location, size, and 

type), characterizing watershed attributes (topography, soils, land 

cover, geology, hydrology, etc.), conducting chemical and biological 

surveys o f  surface waters, and increasing the spatial and temporal 

resolution of deposition monitoring (wet, dry, and thsoughfall). With 

regard to the Adirondack Region, portions of  the data on site-specific 

characteristics are available for ure in regionali~ation studies. For 

example, a fairly complete inventory of lakes and streams is currently 

available, data on selected watersheds are available, and extensive 

chemical and biological surveys have been or will be initiated. However, 

additional survey data from the Hudson b a s i n ,  which was not included in 

the ALS, may be needed. Moreover, data on deposition in the Adirondacks, 

especially dry deposition, are still insufficient. 

W i t h  regard to current estimates o f  regional impacts to the 

Adirondask Region, a number of the participants agreed that recent 

research indicates that 18 t o  23% of the lakes in the Adirondacks are 

acid (pH < 5.0). Neither specific causes o f  lake acidification nor 

estimates o f  future impacts t o  Adirclndack lakes could be determined a t  

t h i s  time. 
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U n i v e n i  t y  o f  Iowa 
Dept. o f  C i v i l  dnd tnvir~osmcntal Engr. 
Enginucring Bui ld ing,  1134 C8 
Iowa Ci ty  I A  57742 

Phone: (319)353-7362 FTS:  
Predict ion o f  lake a l k a l i n i t y  using 
mu1 t i v a r i a t e  s t a t i s t i c a l  anal ys i  s ,  
Tr i ck le  Down model, and timc var iable 
models; chtmiical wrathcring k ine t i cs .  

Siniunin, tlowasd A. 
New York State k p n r t r i c n l  o f  

Envi ranmnta l  rfinserwation 
Ac i d &?posi t i  on F’rojcc t 
8314 F i s h  Hatchery R o d  
R W  NY 13440 

Phone: (315)337 -0918 FTS: 
Effects  of  ac id  waters on f i s h  and 
water chemistry i n  Adironddck lakes 
and streams. 
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by the US a). 

Stensland, Gary J. 
I l l i n o i s  State Water Survey 
Atmospheric Chmis t r y  St’ction 
2204 G r i f f i t h  Drive 
Chmpd i gn 11. 61820 

Phone: (717)333-2213 F15: 957-7213 
Evaluation o f  wet deposition sampling 
met hods ; evd 1 ua 1 i on and i n lerpreta t ion 
of  wet and bulk d e w s i t i o n  data; 
role o f  a l ka l i ne  aerosols f rm soils. 

Thornton, Kent W .  
Ford, Thornton. Marton and Associates 
3 lnnwnod Ci rc le ,  Sui te 720 
L i t t l e  Rock AR 12211 

Phone: (5011275 -1  179 F I S :  
Studies  o f  stream chemistry during 
episodic events; &sign and analysis of 
data from [-.PA NSWS dnd Direct/Deldyed 
Response Project 5 .  

1urncr, Robert 5 .  (Robb) 
Odk Ridge National laboratory 
Cnvirornrmtal Scienccs Div is ion 
P . O .  Box X, Bui ld ing 1505, Room 314 
Oak Ridge TN 376331 

Phone: (615)574-4115 FTS:  624-4115 
Ndtional Soi I s  Survey; Direct/lk?laycd 
Respo,onse Projcct  . 

Unangst, Joe 
New York State Departmnl o f  

Envi ronnrntal rf inservation 
Woutc 86 
Ray Brook NY 1297 1 

Phone: (S18)891-1370 FTS: 
Adi rondack Lake Survey chcmi .,try. 

Van Winkle, Wbstcr (Welrb) 
Qdk Ridge National laboratory 
Lnu i rannrn tal Sciences D i  v i s i  on 
P.O. Box X ,  Bui ld ing 1505, Ram 254 
Oak Ridgc TN 31831 

Phone: (615)574-7398 FTS: 624 7398 
Eva1 uat ion o f  lake ac i di  F i cat ion and 
f i she r ies  impacts (sponsored by WHI); 
n m i p u l a t  ion o f  watersheds (sponsored 
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Whcclcr, Keith A.  
Soil Conservation Service 
U . S .  Murthoiise and I-cdcral Building 
100 S .  C l i n t o n  Strcet, Rcmi / 7 1  
Syrmisc NY 13760 

Phone: (3 IS) 423 -5 192 F 1 S : 

M i  Iron, Donald 1.. 
Oak Ridge Ndtioiial I abboratory 
C v u t i n g  and Tclec:tximmications D i v .  
P.O.  Box X ,  Bui ltlirig 450QN, p55 ti75 
Oak Hidgc TN 37H31 

Phone: (615)571 1451 F l S :  624-7451 
Qmputcr mapping, spatial data analysis, 
geographic s t r i i c lure~ ,  dnd cmnpputatiorial 
yccxwt ry  . 
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Data Base l i t l e :  Acid P r e c i p i t a t i o n  Mit igat ion Program 

Subjec t :  Surface Water 

Oate Obtained: September 5 ,  1985 Acronym: APMP 

Primary Data Source( s )  : 

R .  Kent Schre iber  Jim Brown 
Eas te rn  Energy $r Land Use l e a  Eastern Energy & Land Use ream 
U.S .  Fish & Wild l i f e  Serv ice  U . S .  F i s h  & Wild l i f e  Serv ice  
Box 705 Box 705 
Kearneysvi l le ,  WV 25430 Kearneysvi l le ,  WV 25430 
(304) 725 -2061 ; F'rs 925 -5354 (384)  725 -2061 ; F IS 925 -5282 

N A P A P  Code: € -5 

Sponsoring Agency: U . S .  F i s h  and Wi ld l i f e  Serv ice  

Descr ipt ion:  An i n t e r d i s c i p l i n a r y  research program on rni t lgat ion of 
a c i d i f i e d  su r face  waters  wi l l  provide a da ta  base including 
chemical, b i o l o g i c a l ,  and physical  parameters on se l ec t ed  lakes  
and streams i n  t h e  no r theas t ,  sou theas t ,  and upper midwest over  an 
approximate t ime p e r i o d  o f  f i v e  years .  

Keywords: Surface water ,  chemistry,  b i o t a ,  mi t iga t ion  

Data Uses: Assessment o f  e f f i c a c y  of mi t iga t ion  measures 

Data Importance: Survey wi 11 prov-ide two years  o f  pre - t reatment  da t a  
and t h r e e  years  of post- t reatment  da t a .  

Variables  and Units: Chemical, b i o l o g i c a l ,  and physical  parameters 

Number o f  Records : Zero; u n d e r  devel opment 

Geographic Coverage: Se lec ted  l a k e s  and streams i n  Minnesota, West 
Vi rg in i a ,  Massachusetts,  and Tennessee 

Spatial Resolution: Lake o r  stream 

Period ~f Record: 1986-1 991 



Data Base l i t l c :  A c i d i f i c a t i o n  Chemis t ry  l n f o r r n a t i o n  Database 

S u b j e c t :  Water Q u a l i t y  

Date Obta ined:  J u l y  1985 Ac  ronym: AC I D 

Pr imary  Data Source( s )  : 

C h r i s t o p h e r  G .  Hoogendyk George R. Hendrey 
l e r r e s t r i a l  and Aqua t i c  l e r r e s t r i a l  and Aqua t i c  

Fco logy  D i v i s i o n  Eco logy  D i v i s i o n  
Brookhaven Na i  i o n a l  I a b o r a t o r y  Brookhaverr N a t i o n a l  I a b o r a t o r y  
B u i l d i n g  318 B u i l d i n g  318 
Upton, N Y  11973 Upton, N Y  11973 
( 5 1  6) 282-3'/4/1; F1 S 664 -3-144 (516)  287 32b2; F l S  666-3762 

NAPAP Code: t l  -08, F 2 -1 1 

Sponsor ing Agency: Ac id  D e p o s i t i o n  Assessment S t a f f ,  U.S.  Environrnental  
P r o t e c t i o n  Agency 

A p p r o p r i a t e  Reference C i t a t i o n :  
Hendrey, G .  H. A c i d i f i c a t i o n  Chemis t ry  I n f o r m a t i o n  Database, 
Brookhaven N a t i o n a l  I a b o r a t o r y ,  Uplon, New York 11973 

D e s c r i p t i o n :  A datdbase compr i s ing  f r e s h  s u r f a c e  wa te r  q u a a i t y  da ta  
from l akes ,  s t r e a m ,  r e s e r v o i r s ,  and cana ls  f r o m  -50,000 
s t a t i o n s  ove r  one m i l l i o n  o b s e r v a t i o n  da tes  w i t h  n a t i o n w i d e  
coverage (excep t  Alarka and Hawai i )  and w i t h  s p e c i a l  emphasis on 
da ta  f rom t h e  l a s t  20 years .  A C l D  concen t ra tes  on l ow b u f f e r  
c a p a c i t y  ( l o w  a l k a l i n i t y )  s u r f a c e  waters.  

Keywords: Datdbase, w a t e r  qual  i l y ,  s u r f a c e  wa te r ,  lake ,  stream, 
r e s e r v o i r ,  cana l  

Data IJses: Spatial and tempora l  ana lyses  o f  water q u a l i t y  on a l o c a l ,  
r e g i o n a l ,  and n a t i o n a l  b a s i s  

Data I rnportancc: Great  e f f o r t s  have been mdde t o  encode h i s t o r i c a l  
up land and hcndwaler w d t e r  q u a l i t y  da ta  f rom areas  n o t  d i r e c t l y  
impacled by l o c a l  p o l l r i t a n t  sources; hence, t h e  impor tance o f  
non SIOKLI da t< i .  

V a r i a b l e s  and U n i t s :  F-ight s t a t i o n  t ypes  p l u s  l o c a t i o n  d e s c r i p t o r s ,  
1 5  p h y s i c a l  and morphometr ic d e s c r i p t o r s ,  1 7  chemica l  v a r i a b l e s ,  
chemical  method codes where a v a i l a b l e  

Sampl ing Methods: Method codes ass igned t o  chemica l  var ' lab les  where 
p o s s i b l e  as s u p p l i e d  by o r i g i n a l  sampl ing  agenc ies  

Uncertdinty/Reliability: Whi le  much QA has a l r c a d y  been accompl ished on 
t h e  d a t d  i n  A C I D ,  u l t i m a t e l y  t h e  d a t a  a r e  o n l y  a s  r e l i a b l e  as t h e  
sampl ing  agenc ies  who c o l l e c t e d ,  ana lyzed,  and r e p o r t e d  them. 
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A C I D  (cont inued)  

Data Type: 

Number o f  Records: 

Raw sampling agency da ta  

>1 x lo6 * >200 megabytes d i s k  s to rage  

Geographic Coverage: Nationw-lde (except  Hawaii and  Alaska) 

S p a t j a l  Resolution: Sparse t o  intensive, depending on sampling agency; 
po in t  da ta  

Period o f  Record: -1910--1983 (most d a t a  between 1960 and 1982) 

Temporal Resolution: Daily,  yea r ly ,  or single s h o t ,  depending an 
sampl i ng agericy . 

References o r  Supporting Documents: 

G m u r ,  N. F . ,  C. G .  Hoogendyk, and  E. K a p l a n .  September 1984. A 
Dercript ion o f  Three Eastern [Jnited S t a t e s  Polygons t o  be Analyzed 
f o r  Surface Water Qual i ty  Data in t h e  F Y  ?985 NAf9AP Assessment. 
Report f o r  NAPAP P ro jec t  1 3 - O L J l .  BNL 35648. 

Gmur, M .  F . ,  6 .  G. Mooyendyk, and  E .  Kaplan. Data Addition and  Q u a l i t y  
Assurance kfforts f o r  the Adirondack, Blue Ridge and Upper Midwest 
Regional Datxbases. Report f o r  N A P A P  p r o j e c t  1 3 4 2 . 3 4  ( i n  
p repa ra t ion )  

Hoogcndyk, C. G., M .  F .  Gmur,  and E .  Kaplan. October 1984. 
A v a i l a b l l i t y  o f  Surface Water Chemistry Data i n  Three Eastern 
U n i t e d  S t a t e s  Polygons t o  be Analyzed i n  t h e  F Y  1985 NAPAP 
A s s e s m m t .  Report f o r  NAPRP P ro jec t  1 3 - 0 2 - 3 1 .  BNL 35784. 

Hendrey, G. R e ,  C, G .  Hoogendyk, and N .  F .  Emur.  1983. Analysis o f  
lrends i n  t h e  Chemistry o f  Surface Waters of the United S t a t e s .  
Annual Report f a r  N A P R P  Pro jec ts  E1-8, E 2 - ? l .  Volumes I and 11. 

Hendrey, 6 .  R., C .  G. Haogendyk, a n d  N. F.  Gmur .  1983. Es tab l i sh ing  
t h e  Acid i f i ca t ion  Chemistry Information Database (ACID). Progress 
Report f o r  NAPAP Project E1-68. 8NL 51707. 
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Data Rase l i t l e :  Adirondack Lakes Survey 

S u b j e c t :  Sur face  Water 

Da 

P r  

e Obta ined:  A U g U S t  20, 1985 

iliary D a t a  Source(  5 )  : 

Walter A .  K r e t s e r  
Ad i rondack I akes S I J ~ W Y  C o r p o r a t i o n  
New York S t a t e  Department o f  

Roii te 86 
Ray Brook, NY 17911 

Environmen.ia1 Conservat i o n  

(518) 891 -1310 

Acronym: A I S  

Sponsor ing Agericy: New York S t a l e  Department o f  Env i ronmenta l  
Conscrva t  i o n  and F Sf-F K C O  

A p p  r op r i a t e Re f e renc e C i t a  t i on : 
K r e t s e r ,  W .  A . ,  e t  a l .  1985. Adirondack Lakes Survey. 
1984 F i e l d  S tudy .  5 volumes. New York S t a t e  Department o f  
t o v i  r o n m n t a  1 Conservat i o n ,  Ray Brook, New York. 

D e s c r i p t i o n :  B i o l o g i c a l ,  chemica l ,  and  p h y s i c a l  d a t a  ow approx ima te l y  
1200 Adi rondack waters (4OO/year) between 1984 and 1986 

Keywords: ILocation, si; le, e l e v a t i o n ,  access, l a n d  use, volunie, 
shore1 i r t e ,  wa te r  chemis t r y ,  w a t e r  qua l  i t y  

Data Impor lance:  Accura tc ,  up - t o - d a t e  comprehensive da ta  base f o r  
f i s h e r i e s  management o r  env i ronmenta l  ana lyses  

Variab les  and Units :  702 v a r i a b l e s ;  16  r e c o r d  t y p e s  - f i s h  surveys ;  w a t e r  
q u a l i t y ;  walershcd d e s c r i p t o r s ;  l a k e  d e s c r i p t o r s ;  w a t e r  c h e m i s t r y  

Sampling Methods: D i v e r s e  

Uncertainty/Rcliability: S t r i c t  q u a l i t y  c o n t r o l / q u a l i t y  assurance and 
1 owed. s tandard  o p e r a t i n g  procedures  a r e  f o  

Data l y p e :  Raw 

Number o f  Records: 1200 l a k e s  a t  comple t  

Geographic Coverage: Adirondack Region 

S p a t i a l  R e s o l u t i o n :  Lake 

P e r i o d  o f  Record: 1983 -1986 

lernporal  R e s o l u t i o n :  One yea r  p e r  l a k e  

on 

References o r  Suppor t  i ng Documents : See above 
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Data Base I i t l e :  Ad i rondack  Park Agency Geographic I n f o r m a t i o n  System 

Sub jec t :  S o i l s  

Date Obtained: August 20, 1985 Acronym: None 

Pr imary  Data Source( s )  : 

John S. Banta 
Ad? rondack Park Agency 
P.Q. Box 99, Route 86 
Ray Brook, NY 12977 
(518) 891-4050 

Sponsor ing Agency: Adjrondack Park Agency 

D e s c r i p t i o n :  D i g i t a l  meso s o i l s  map o f  Adirondack Park.  O the r  d a t a  
s e t s  a v a i l a b l e  f o r  comparison i n c l u d e  1973, 1978, and 1982 Landsat 
l a n d  cover ;  p o l i t i c a l  f a c t o r s  [ s t a t e  l and ,  j u r i s d i c t i o n a l  
boundar ies ) .  Subsets f o r  some watershed o r  o t h e r  d e f i n e d  
geographic  areas a r e  a v a i l a b l e .  

Keywords: S o i l s ,  l a n d  cove r ,  l a n d  use (as des igna ted  by t h e  APA) ,  
geographic  i n f o r m a t i o n  system, watersheds 

Data Impor tance:  P rov ides  park-wid,? watershed a t t r i b u t e  d a t a  t o  use i n  
t h e  a n a l y s i s  o f  a c i d  r a i n  impacts  

V a r i a b l e s  and U n i t s :  S o i l  t y p e ,  l a i d - c o v e r  t ype ,  l and -use  c l a s s .  

Sampl ing Methods: 
i magery . Data o b t a i n e d  f r o m  l a r g e - s c a l e  maps o r  remote-sensed 

Data Type: Processed 

Number o f  Records: Approx ima te l y  s i x  m i l l i o n  f o r  each d a t a  t y p e  

Geographic Coverage: The e n t i r e  Adirondack Park 

S p a t i a l  R e s o l u t i o n :  One a c r e  (0.4 ha) 

P e r i o d  o f  Record: V a r i e s  
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Data Base l i t l c :  Adi rsndack Watershed Data Rase 

S u b j e c l :  Sur face  Waler 

D a t e  Obta ined:  J u l y  2 5 ,  1985 Ac ronym: AWUU 

Pr imary  Data Source( s )  

R ichard  J .  Olson Caro lyn  1 .  Hulnsaker 
Oak Ridge N a t i o n a l  Caboratory  Oak Ridge N a t i o n a l  L a b o r a t o r y  
P.O.  Box X ,  B u i l d i n g  1505 P.O. Rox X ,  B u i l d i n g  1505 
Oak Ridge, I N  37831 Oak Ridge, IN 37831 
(515) 514 -7819; F I S  624-7819 (515) 5 / 4 - 7 3 6 5 ;  F I S  524 -7365 

NAPAP Code: 1% -0%. 1 

Sponsor ing Agency: U . S .  t n v i r o n m e n t d l  P r o t e c t i o n  Agency, I1.S. 
Depar1,merit o f  knergy 

A p p r o p r i a t e  Reference C i t a t i o n :  
Rosen, A .  E . ,  R .  J .  Olson, R .  C .  Our fec,  0. I-. Wi lson,  
P. R .  Coleman, C .  C .  B r a n d t ,  R .  S. I u r n e r ,  and C ,  7 .  Hunsaker. An 
Adi rondacks Watershed Data Base: A t t r i b u t e  and Mapping 
I n f o r m a t i o n  f o r  Regional  A c i d i c  D e p o s i t i o n  S t u d i e s .  Oak Ridge 
N a t i o n a l  l a b o r a t o r y ,  Oak Ridge, lennessee ( i n  p r e p . ) .  

D e r c r i p t i o n :  Matershed a t t r i b u t e  d a t a  were compi led  f r o m  s e v e r a l  
sources f o r  453 s i m p l e  (headwater)  l a k e s  i n  t h e  Adi rondack r e g i o n  
o f  New York S t a t c  t o  s t u d y  t h e  r e l a t i v e  impor tance o f  watershed 
v a r i a b l e s  i n  d e t e r m i n i n g  t h e  response o f  l a k e s  and f i s h  t o  n a t u r a l  
and an thropogen ic  a c i d i f i c a t i o n  processes.  Datd sources i n c l u d e  
t h e  S t a t e  U n i v e r s i t y  o f  New York ( P l a t t s b u r g h ) ,  t h e  Adirondack 
Park Agency, t h e  F i s h  I n f o r n i a t i o n  Network, and t h e  New York 
Uepartri ienl o f  L n v i  ronmenta l  Conserva t ion .  Data f o r  55 complex 
l a k e  systems w i l l  be added i n  1986. 

Keywords: Watersheds, l a k e  c h e m i s t r y  

Data Uses: S t a t i s t i c a l  and process models; r e g i o n a l  assessments 

Data Impor tance:  I m p o r t a n t  t o  h e l p  d i s t i n g u i s h  f a c t o r s  ( e s p e c i a l l y  
an thropogen ic )  a s s o c i a t e d  w i t h  l a k e  c h e m i s t r y  and f i s h  p o p u l a t i o n  
changes 

V a r i a b l e s  and l l n i t s r  pH, a l k a l i n i t y ,  o t h e r  w a t e r  c h e m i s t r y ,  l a k e  
morphology, f i s h  s t a t u s ,  s o i l s ,  l a n d  cover ,  geology,  topography,  
l a n d  use, p r e c i p i t a t i o n ,  d e p o s i t i o n ,  f i r e s ,  l o g g i n g ,  wet lands ,  
beaver  a c t i v i t y  



AWDB ( c o n t i n u e d )  

Sampling Methods: Vary 

Uncertainty/Reliability: Water c h e m i s t r y  s u b j e c t  t o  sampl ing and method 
e r r o r s  o f  original survey;  most. watershed d a t a  are d e r i v e d  f r o m  
naps o r  a e r i a l  photographs.  

Data ?ype :  Summarized f o r  watersheds 

Number o f  Records: 453 watersheds, -150 v a r i a b l e s  

Geographic Coverage: Ad i rondack  Park, New York 

S p a t i a l  Resolution: Watersheds 

P e r i o d  o f  Record: 1900 t o  p r e s e n t  

l e m p s r a l  R e s o l u t i o n :  V a r i e s  

References o r  S u p p o r t i n g  Documents: 

Hunsaker, C. 7. e t  a l .  1986 ( d r a f t ) .  Ad i rondacks  Regional  Case Study: 
F m p i r i c a l  R e l a t i o n s h i p s  between Watershed Chemist ry  and Aqua t i c  
Resources. QRNL/TM-9838. Oak Ridge N a t i o n a l  Labora to ry ,  Oak 
Ridge, Tennessee ( I n  p r e p . ) .  



ORNL/'l iM -1 0044 8 -10 

Data Uses: S t a t  

Data Importance: 

VdriableS and U r t  

Samp 1 i n y  Methods : 

Acronym: AND 

Data Base l i t l e :  Adirondack Watershed Data Bare ( S t a l e  Universi ty  of 
New York) 

Subjec t :  I and Use/Land Cover 

Date Obtained: J u l y  1985 

Priiriary Data Source( s )  : 

Gerha rd K . Gruend 1 i ng 
Center f o r  Earth and 

S t a t e  Universi ty  o f  New York 
P l a t t s b u r g h ,  NY 12901 

Fnvironmental Sciences 

(518)  564 -3101 

NAPAP Code: 1 

Sponsoring Agency: Oak Ridge National l-aboratory/U.S. Environmental 
Pro tec t ion  Agency/U.S. Department o f  tneryy 

Appropriate Reference C i t a t ion :  Data c o l l e c t i o n  f o r  t e s t i n g  a l t e r n a t i v e  
hypothescs concerning increased a c i d i f i c a t i o n  and f i s h  population 
dec l ines  i n  Adirondack lakes 

Descript ion:  I-ake and watershed va r i ab le s  including e l eva t ion ,  lake 
\ i T e ,  watershed sii.e, f o r e s t  cover ,  wetland t y p e ,  d i s turbance  
h i r t o r y ,  beaver a c t i v i t y  

Keywords: Forest  cover ,  wet lands,  watershed, d i s turbance ,  beaver,  
l akes ,  a c i d i f i c a t i o n ,  na tu ra l  sources  

s l i c a l  models 

Sole  source f o r  much of t h e s e  da ta  

t s :  Dependent on va r i ab le  

Maps, a e r i a l  photogrdph5, planimeter ing 

Uncerldinty/Hel i a h i  1 i t y :  O R N L  q u a l i t y  assurance s tandards 

Data lype:  Derived measurements /observa t ions  

Number o f  Records: Hundreds-thousands, depending on d a t d  s e t  

Geographic Coverage: Adirondack Park 

Spa t i a l  Resolution: 29 1 5  - m i n  U.S. Geological Survey quadrangles 

Period o f  Record: Variable ,  d i f f e r e n t  f o r  each parameter 

lemporal Resolution: Not app l i cab le  
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Data Base litle: Extensive lake Survey 

Subject: I and Use/l.and Cover 

Date  Obtained: May 1986 Acronym: ELS 

Primary Data Source(s): 

Steve Gloss 
Cooperative fishery Unit 
Cornell University 
118 Fernow Hall 
T thaca ,  NY 14853 
(607) 255 -4251 ; F IS 882 -4251 

Sponsoring Agency: U.S. Fish and Wildlife Service 

Description: l e n  lakes in the Adirondacks with diverse characteristics 
were selected t o  s t u d y  t h e  e f f e c t s  OF liming as a method o f  
mitigating lake acidification. Water chemistry and fishery status 
were evaluated before and after liming. 

Keywords: M i t i g a t i o n ,  liming, lake acidification, water quality 

Geographic Coverage: Adirondacks 

Period o f  Record : 1983 -1 987 
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Data Rare l i t l e :  F i s h  l n f o r r n a t i o n  Network 

S u b j e c t :  Aqua t i c  B i o t d  

D a t e  Obtained: J u l y  15 ,  1985 Acronym: F I N  

Pr imary Data Source( s )  : 

W a l t e r  A .  K r u t s e r / M a r t i n  H .  P f e i f f e r  C a r l  I-. S c h o f i e l d  
Net.! York 5 t n t e  Department o f  Department o f  N a t u r a l  Resources 

Route 86 Fernow \-la1 1 
Ray Brook, NY 1297 /  I t h a c a ,  NY 14853 

Envi ronmentd l  Conservat ion Cornel  1 U n i v e r s i t y  

(518) 891 -1310 ( 6 0 1 )  756 -2001 

N A P A P  Code: E3 -24  

Sponsor ing  Agency: U . S .  Lnviranrnental  P r o t e c t i o n  Ayency/North C a r o l i n a  
S t a t c  U n i v c r r i t y  N a t i o n a l  Ac id P r e c i p i t a t i o n  Assessment Program 

A p p r o p r i a t e  Ref ererice C i  t a  t i o n :  
Baker, J . ,  1. Harvey, and J .  N i c o l c t t e .  1984. C o m p i l a t i o n  o f  
A v a i l a b l e  D a t d  on t h e  S t a t u s  o f  F i r h  Popu la t i ons  i n  Regions o f  t h e  
N o r t h c a s t e r n  U n i t e d  Stdles  Su5cepl  i b l e  t o  A c i d i c  D e p o s i t i o n .  
F i n a l  Repor t  t o  U.S. knv i ronmen ta l  P r o t e c t i o n  Agency, C o r v a l l i s ,  
Oregon. 

D e s c r i p t i o n :  F I N  i s  ma in ta ined  a t  NC5U on t h e  SIR ( S c i e n t i f i c  
l n f o r r n a t i o n  R e t r i e v a l  System) d a t a  ba re  manayemenL systems. I1 i s  
an h i e r a r c h i c a l l y  s t r -uctured da ta  ha$e d i v i d e d  i n t o  19 d i f f e r e n t  
r e c o r d  t ypes .  It con ta in5  b o t h  f i s h  and w a t e r  c h e m i s t r y  survey 
da ta  on a l a k e - b y - l a k e  b a s i s .  

Keywords: F ishes,  w a t e r  chemis t r y ,  Adirnndacks, New York, Maine,  
Neb! Hampshire, Veriiiorit 

D a t a  Uses:  Assessment of changes i n  f i s h  p o p u l a t i o n s  ove r  t i m e  
( p a r t i c u l a r l y  i n  t h e  Adi rondacks) ,  r e l a t e d  t o  l a k e  a c i d i f i c a t i o n  

D a l a  Impor tance:  Used i n  1985 NAPAP a5se5sment Adirondack Case Study 

V a r i a b l e s  and U n i t s :  F i s h  surveys;  f i s h  spec ies ;  number caught ,  s i z e  
range, gear  used, e t c . ;  wate r  chemis t r y :  pH, pH method, a l k a l i n i t y  
( V e q i l ) ,  a l k a l i n i t y  method, e t c . ;  s t o c k i n g :  f i s h  species,  number 
stocked, e t c .  ; and others. 

Sampling Methods: D ive rse .  F I N  i s  a c o m p i l a t i o n  o f  e x i s t i n g  data, 
i n c l u d i n g  i n f o r m a t i o n  on sarnplirig and a n a l y t i c a l  methods. 

Uncertdinty/Heliab,ility: Var ies  
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FIN (continued) 

Data 'Type: Raw 

Number of  Records: Unknown 

Geographic Coverage: Adirondacks; some information f o r  Maine, 
New Hamps ti i re, Vermont 

Spatial Resolution: By lake 

Per'iod of Record: 1800s to 1984 

lempora 1 Hesol ution: Oays 

References or Supporting Documents: 

Baker, J . ,  T .  Harvey, and J .  Nicolette. 1984. Compilation of  Available 
Data on t h e  Status of  Fish Pcpulations in Regions o f  the 
Northeastern United States Suscept ib le  l o  Acidic Deposition. 
Final Report to U . S .  Environmental Protection Agency, Corvallis, 
Oregon. 

Baker, J . ,  and 1. Harvey. 1984. Crilique o f  Ac.id Lakes and F i s h  
Population S t a t u s  in the Adirondack Region of New York State. 
Final Report t o  U . S .  Environmental Protection Agency, Corvallis, 
Oregon. 
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[lata Base litle: Huntington Wildlife f o r e s t ,  New York, Acidic 
Deposition Measurement 

Subject : Depos i t ion 

Date Obtained: July 1985 Acronym: N A D P  

Primary Data Source( s) : 

Dudley J. Raynal 
College o f  Environmental Sciences 

State University of  New York 
Syracuse, NY 13210 

and Forestry 

( 3 1  5 )  470 -6782 

Sponsoring Agency: New York State Electric and Gas Corporation; S t a t e  
University o f  New York at Syracuse 

Description: Collection and chemical analysis o f  w e t  and dry deposition 
at Huntington Wildlife Forest, Adirondack Mountains, New York 

Keywords: Deposition, Adirondack Mountains, Huntington Forest, 
precipitation chemistry 

Data Uses: Reports and analyses available from principal investigator 

Dald Importance: Sole N A D P  stdtion in Adirondack Mountains 

Variables and Units: Concentration land deposition of SOa, N03, 
POq,  C 1 ,  Na, K ,  Mg, Ca, and pH and conductivity 

Sampl ing Methods: N A D P  protocol ; open bucket Aer-ochern metrics sampler 

lJncertainly/Heliability: Quality assurance both internal and external 
(NADP protocol); very reliable 

D a t a  lype: Haw, surrimarized, tables, figures 

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

Spatial Resolution: Single locat.ion, central Adirondack Mountains 
(Essex County, New York) 

Period o f  Record: November 1978 to present 

lemporal Resolution: Weekly, wet deposition, bimonthly d r y  deposition 
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Data Base Title: In Situ Bioassays of Fish in Acid Waters 

Subject: Aquatic Biota 

Date Obtained: July 19, 1985 Acronym: 

Primary Data Source(s): 

Howard A. Simonin James R .  Colquhoun 
Rome Field Station Bureau of  Environ. Protection 
New York State Department of New York State Department o f  

Environmental ConservatJon Environmental Conservation 
8314 Fish Hatchery Road 58 Wolf Road 
Rome, NY 13440 Albany, NY 12233 
(31 5) 337 -891 0 ( 5 1  8)  457 -61 78 

NAPAP Code: € 

Sponsoring Agency: New York SLate Department of Environmental 
Conservation 

Appropriate Reference Citation: (New York State Qepartment o f  
E n v ~ r o n m ~ ~ ~ ~ a ~  Conservation computer tape and paper  files) 

Description: Brook trout, lake trout, creek chub, and blacknose dace 
were exposed i n  situ t o  acidic water during all life stages. Data 
include mortality observations and water chemistry a t  variolas 
sites during the  3 7  indivjdual bioassays. 

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

Data  Uses: Application to models and assessment o f  environmental 
impact 

nata Importance: Few bioassays o f  this scope have been conducted. I n  
situ bioassays more accurately indicate natural impacts on the 
organisms being tested. 

Variables and Units: Percent survival, pH, inorganic monomeric aluminum 
( m g / l ) ,  time (hou rs )  

Sampling Methods: Observations o f  mortality; collected water samples 
analyzed in the laboratory 

Uncertainty/Reliability: Model developed applies only to waters o f  
similar chemistry (low pH, low conductivity) 

Data Type: Primarily point station observations 

Geographic Coverage: Southwest Adi rondacks, New York 



B - l b  

In S i t u  Bioassays ( c o n t i n u e d )  

P e r i o d  o f  Record: September 1983 -- June 1985 

References o r  Suppor t i ng  Documents: 

Johnson, D.  W . ,  H. A .  Sinionin, J .  R .  Colquhoun, and I - .  M. F l a c k .  1986. 
I n  s i t u  t o x i c i t y  t e s t s  o f  f i s h e s  i n  a c i d  wa te rs .  B iogeochemis t ry  
( i n  p r e s s ) .  



Data Base l i t l e :  l n t e g r a t e d  Lake-Watershed A c i d i f i c a t i o n  Study 

S u b j e c t :  Su r face  Water 

Date Obta ined:  August 20, 1985 Ac ronyn: I LWAS 

Pr imary  Data Source(s) :  

Rober t  A .  G o l d s t e i n  Steve A .  G h e r i n i  
E l e c t r i c  Power Research l r t s t i t u t ?  7et ra-Tech,  I n c .  
P.0. Box 10412 S u i t e  300 
3412 H i l l v i e w  Avenue 3746 M t .  Diab lo  Boulevard 
P a l o  A l t o ,  C A  94303 L a f a y e t t e ,  CA 94549  
(41  5)  855-2593 (41 5 )  283-3771 

Sponsor ing  Agency: E l e c t r i c  Power Research I n s t i t u t e  

A p p r o p r i a t e  Reference C i t a t i o n :  See "References o r  S u p p o r t i n g  
Documents e I' 

D e s c r i p t i o n :  11-WAS 3 s  a d e t a i l e d  b logeochern ica l  a n a l y s i s  o f  l a k e  
a c i d i f i c a t i o n  based on t h e  l o n g - t e r m  s tudy  o f  t h r e e  s i m i l a r  l akes  
w i t h  d i f f e r i n g  pH regimes, The II-lnlAS rnodel was developed t o  
p r e d i c t  pH, AMC, and o t h e r  varTables;  i t  i n c l u d e s  a l l  known 
processes a f f e c t i n g  a c i d i f i c a t ' o n  encompassing t h e  f o r e s t  canopy 
t o  l a k e  o u t l e t  

Keywords: Lake$, watersheds, b iogeochemis t r y ,  models, a c i d i f i c a t i o n  

Data Uses: Development of  d e t a i l e d  watershed l e v e l  models 

Data Impor tance:  Va luab le  t o  de te rm ine  r e l a t i v e  impor tance o f  watershed 
processes 

V a r i a b l e s  and U n i t s :  pH, ANC, f l o w ,  p r e c i p i t a t i o n ,  d e p o s i t i o n ,  w a t e r  
c h e m i s t r y ,  watershed a t t r i b u t e s  

Sampl ing Methods: P e r i o d i c  sampl ing a t  many sites i n  t h e  l a k e  and 
watershed 

Data Type: Raw and summarized 

Number o f  Records: 600,000 

Geographic Coverage: Adi rondacks,  Mew York S t a t e  

S p a t i a l  R e s o l u t i o n :  l h r e e  i n d i v i d u a l  l a k e  -watershed systems 
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I LWAS (cont i nued) 

Period o f  Record: 1977 -1982 

1 emporal Resolution: Varies 

References or Supporting Documents: 

letra -lech, lnc. 1984. The Integrated Lake-Watershed Acidification 
Study, Volume 4 :  Summary o f  Major Results. EPRI Final Report 
EA-3221, Vol. 4 .  

lbid. Volume 3 :  ILake Chemistry Program. E P R I  Final Report [.A-3221, 
V O l .  3 .  

lbid. Volunie 2 :  Hydrologic Analysis. EPRI Final Report E.A-3221, 
VOl. 2. 

lbid. Volume 1 :  ILWAS Model Principles and Application Procedures, 
E P K l  Final Report tA-3221,  V o l .  1 .  
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Data Base Title: Lake Acidification Mitigation Project 

Subject: Surface Water 

Date Obtained: August 20, 1985 Acronym: LAMP 

Primary Data Source( s )  : 

Donald 6. Porcella Jack Heinernan 
Electric Power Research lnstitutc General Research Corporat-Ion 
3412 Hillview Avenue 7655 Old Springhouse Road 
P.O. BOX 10412 West Gate Research Park 
Palo Alto, CA 94303 Hclean, VA 22102 
(41 5) 855--2723 (703) 893-5900 

Sponsoring Agency: Llectric Pawer Research Institute 

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

Keywards: Mitigation, liming, lakes, fish, acidification 

Data Uses: Development o f  models to predict liming requirements 

Variables and Units: Mater chemistry, fish status 

Sampling Methods: Period lake sampling 

e: Raw and summarized 

Geographic Coverage: Adirondacks, New York State 

Spatial Resolution: Tbree lakes 
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Datd Base  l i t l c :  N a t i o n a l  Su r face  Ma te r  Survey Ear,tern l a k e  Survey 
Phase I 

S u b j e c t :  Su r face  Water 

Date Obtained: Augur t  20, I985 Acronym: NSWS F I S - 1  

Pr imary  Data Source( s )  

Uixorr H .  I anders Pau 1 Kanc i ruk  
F-nvironnrentdl R e s e a r c h  I a b o r a t o r y  Fnv i  t-onrrirnlal Sciences D i v i s i o n  
U . S .  Fnvironrnentdl  P r o t e c t i o n  Agency Oak Ridge N a t i o n a l  I a b o r a t o r y  
200 SW 3 5 t h  S t r e e t  P . O .  Box X ,  B u i l d i n g  1505, MS-3 
Corva 1 1 i s ,  Oregon 97333 Oak Ridge, 1 M  37831 
( 5 0 3 )  1 5 1  4595; ( 1  15) 470 4695 ( 6 1 5 )  574-7314; ( F I S )  6 2 4 - 7 3 1 4  

NAPAP Code: t 

Sponsor  i ng Agency : IJ I S ~ Cnvi ronmenta 1 P r o t e c t  i on Agcfic y 

A p p r o p r i a t e  f teference C i t d l  i on :  See  "Keferences o r  S u p p o r t i n g  
Doc unieii i!, . '' 

D e s r r i p i i o n :  A s  p a r t  o f  t h e  N d l  io r ia l  Ac id  P r c c i p i t a t i o n  Assessment 
Proyrdm, t h e  IJ.5. Fnv i ronmcn td l  P r o t e c t i o n  Agency i n i l i a l e d  t h e  
N a t i o n a l  SurfiP;ce Ma te r  Survcy (NSlnlS) i n  1983. I h e  NSWS, which 
i n c l u d e s  b o t h  l akes  arid s t r e i ~ ~ i s ,  has t h r e e  p r i m a r y  goa ls  and t h r e c  
d i s t i n c t  phases: ( 1 )  q u a n t i f y  t h o  p r e s e n t  chemical  s t a t u s  o f  
s u r f a c e  w a t e r s  i n  t h e  IJn i ted  5 t a t e s  (Phase I ) ,  ( 7 )  a s r e s s  t h e  
t c n i p o r d l  and s p a t i a l  v a r i a b i  l i l y  i n  a q u a t i c  c h e m i s t r y  and d e f i n e  
t h e  key b i o l o g i c a l  r csou rces  a s s o c i a t e d  w f t h  s u r f a c e  wa te rs  
(Phase  I I ) ,  and ( 3 )  i d e n l  i f y  ternyoral  t r e n d s  i n  5 u r f a c e  walcr  
c h e m i s t r y  and b i o l o g y  ( P i i d r e  111 ) .  

l h e  t . 1  S 1 was desigrrcd t o  p r o v i d e  t he  i n f o r m a t i o n  needed t o  a s s e s s  
t h e  chemical  s t a t u s  o f  l akes  i n  areas  o f  the  e a s t e r n  i l r i i t e d  S ta tes  
c o n t d i n i n g  t h e  m a j o r i t y  o f  low a l k a l i n i t y  systems. Over  1600 
l a k e s  wct-e rampled i n  t h e  f a l l  o f  1984. l a k e s  wcre selected 
s t a l  i s t i c a l  l y  f r o m  t h r  pop i r la l  i o n  o f  l a k e s  w i t h i n  t h e  
n o r t h e a s t e r n ,  sou theas te rn ,  and t ipper midwestern  r e g i o n s  o f  t h e  
l l n i t e d  S t a t e s .  lwe r i t y  f i v e  v a r i a b l e s  t h o u g h t  t o  i n f l u e n c e  o r  be 
i n f l u e n c e d  by  s u r f a c e  w a t e r  a c i d i f  i c a l i o r i  'nipre measured u s i n g  
s tandard iLed  methods.  l h e  F I S I d a l a  base may be used t o  
i n v e s t  i g a t e  c o r r e  l a t i  ve r e  1 a t  i onsh i  ps among c hemi c d  1 v a r i a b l e s  on 
a r e g i o n a l  b a r i s  and t o  es t i rna le  t h e  chemical  s t a t u s  o f  l akes  
w i t h i n  a s p e c i f i c  r e g i o n .  l h e  F I S  1 samples 203 lakes i n  region 
IA which  covers  t h e  Adi rondacks .  

Keywords: Water cheni.i s t r y ,  s t a t i s t  i c a l  su rvey  

Data Uses:  l o  make r e g i o n a l  p o p u l a t i o n  e s t i m a t e s  o f  l a k e  chemical  
s t a t u s ;  a l r o  t o  e x p l o r e  r e l a t i o n s h i p s  between l a k e  c h e m i s t r y  and 
o t h e r  f a c t o r s  r e l a t e d  l o  l a k e  a c i d i f i c a t i o n .  
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NSWS ELS-I ( c o n t i n u e d )  

V a r i a b l e s  and U n i t s :  pH, ANC, A l ,  Ca, DIC, DOC, c o l o r ,  c o n d i t i o n ,  
SO4, NO3, NH3, P, m a j o r  m e t a l s  

Sampl ing Methods: S t a t i s t i c a l  p r c b a b i l i t y  des ign,  h e l i c o p t e r - b a s e d  
c o l l e c t i o n  

Uncertainty/Reliability: E x t e n s i v e  q u a l i t y  assurance was performed t o  
e s t i m a t e  sampl ing e r r o r s .  

Data Type: Raw 

hlumbcr o f  Records: 203 lakes  i n  Ad i rondacks  

Geographic Coverage: 203 l a k e s  i n  Adi rondacks;  a l s o  s u s c e p t i b l e  
r e g i o n s  n o r t h e a s t ,  upper  midwest,  Appalachians, and F l o r i d a  

Spatial R e s o l u t i o n :  P o i n t s  

P e r i o d  o f  Record: F a l l  1984 

lemporal R e s o l u t i o n :  One sample i n  one y e a r  

References o r  S u p p o r t i n g  Documents: 

L i n t h u r s t ,  R .  A., D .  H. Landers,  J .  #. E i l e r s ,  D. F .  Brakke, 
bl. S. Overton, € -  P. Meier ,  ai?d R .  E .  Crowe. C h a r a c t e r i s t i c s  o f  
Lakes i n  t h e  Eas te rn  U n i t e d  S t a t e s .  1986. Volume 1: P o p u l a t i o n  
D e s c r i p t i o n s  and Physico--Chemical R e l a t i o n s h i p s .  
€PA -bOO/4 -86 -007A. U n i t e d  S t a t e s  t n v i  ronmental  P r o t e c t i o n  Agency, 
Washington, D.C. ,  275 pp. 

Qver ton ,  W. S . ,  P. Kanc i ruk ,  L. A. Hook, J .  M. E i l e r s ,  D, H. Landers, 
D. F .  Brakke, D. J .  B l i c k ,  J r . ,  R. A.  L i n t h u r s t ,  and 

U n i t e d  S t a t e s .  Volume 11: Lakes Sampled and O e s c r i p t i v e  
S t a t i s t i c s  f o r  P h y s i c a l  and Chemical V a r i a b l e s .  
EPA-b00/4 -86-007B. U n i t e d  S t a t e s  Envi ronmenta l  P r o t e c t i o n  Agency, 
Washington, D.C., 369 pp. 

. D. DeHaan. 1986. C h a r a c t e r i s t i c s  o f  Lakes i n  t h e  Eas te rn  

Kanc i ruk ,  P., J .  M. E i l e r s ,  R. A. McCord, 0. H. Landers, D. F .  Brakke, 
and R. A. L i n t h u r s t .  1986. C h a r a c t e r i s t i c s  o f  Lakes i n  t h e  
E a s t e r n  U n i t e d  S t a t e s .  Volume 111: Data Compendium o f  S i t e  
C h a r a c t e r i s t i c s  and Chemical I’ariables. EPA-600/4-86--007C. U.S. 
Envi ronmenta l  P r o t e c t i o n  Agency, Washington, D.C., 1986, 374 pp. 
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Data Base l i t l e :  Regional In tegra ted  lake-Watershed Ac id i f i ca t ion  Study 

Subjec t :  Surface Water 

Date Obtained: August. 20, 1985 Acronym: RII-WAS 

Primary Data Source( s )  : 

Robert A .  Goldstein 
E l e c t r i c  Power Research I n s t i t u t e  

3 4 1 7  t i i l lview Avenue 
Palo A l t o ,  C A  94303 

P.0. K Q X  10412 

( 4 1  5 )  855  -2593 

5ponsor'lng Agency: E l e c t r i c  Powcr Research institute 

Descriptiori:  RII-WAS i s  a regional  extension o f  the ILWAS study and 
model. Approximately 20 lakes  i n  t h e  Adirondacks and o the r  a reas  
w e r e  se l ec t ed  l o  represent  d i f f e r e n t  s y s t e m  and d e p o s i t i o n  
l e v e l s .  Key va r i ab le s  i d e n t i f i e d  i n  IIMAS were sampled. Sedinienl 
cores  Nere taken from each lake a s  p a r t  o f  t h e  P I R I A  p r o j e c t .  

Keywords: ILakes, watersheds,  biogeochemistry, models, a c i d i f i c a t i o n ,  
reg i ona 1 

Data Uses: Development of watershed leve l  models 

Ba ld  Importarice. Valuable f o r  development and v e r i f i c a t i o n  of models 
under widely d i f f e r e n t  systems 

Var iab les  arid Units :  plt,  A N C ,  p r e c i p i t a t i o n ,  depos i t i on ,  f low, water  
chemistry,  sediment cores  

Sarnpliiig Methods: Per iodic  sample a t  each watershed 

Data lype :  Raw and summarized 

Geographic Coverage: Adirondacks, New York S t a t e ,  Wisconsin 

Spa t i a l  Resolut ion:  30 ind iv idua l  lake-watersheds 

Period of Record : 1982 -1 985 

1 enipora 1 Res o 1 ut i on : Va r i e s 



B -23 OHNL/1#--10044 

Data Base litle: Sediment Chemistry - Adirondack Lakes 

Subject : Geology 

Date Qbtained: June 1984 Ac rmyrn: None 

Primary Data Source( s )  : 

Stephen A. Norton 
University of  Maine 
110 Boardman Hall 
Orono, ME 04469 
(207) 581 -1 954 

MAPAP Code: E 

Sponsoring Agency: U.S.  Environmental Protection Agency 

Description: Sediment chemistry from ten lakes in the Adirondacks 

Keywords: Sediment, heavy metals, acidification, land use, 
paleolimnology, geochemistry 

Data Uses: Historical assessment 

Data Importance: Historical perspective of acid precipitation and its 
e f f e c t s  on sediment chemistry 

Variables and Units: Concentration, deposition rates, time 

Sampling Methods: Sediment cores 



OHNI-/ I M -1 0044 H -24 

Data Base l i t l e :  U n i v e r s i t y  o f  Iowa A c i d  Lake Database 

S u b j e c t :  Water Q u a l i t y  

Date Obta ined:  J u l y  1 5 ,  1985 Acronym: U l  

Pr imary  Data Sourc.e(s): 

J e r a l d  1.. Schnoor 
Lnergy F.ngi r i e c r i  ng D i v i s i o n  
U n i v e r s i t y  o f  Iowa 
t n g i n e c r i n g  B u i l d i n g ,  1134 F.8 
Iowa C i t y ,  1 A  53242 
(319) 353 9 2 6 2  

Sponsor ing Agency: U.S. F.nvi rorinienlal P r o t e c t i o n  Agency 

A p p r o p r i a t e  Reference C i t a t i o n :  

Schnoor, J .  I-. e t  a l .  1985. "1-ake resources  a t  r i s k  due t o  a c i d  
d e p o s i t i o n  i n  t h e  n o r t h e a s t e r n  U n i t e d  Sta tes , "  Hepor t  t o  t h e  U.S. 
Env i  ronmental  P r o t e c t i o n  Agency, C o r v a l l  i s  F-nvi ronmenta l  Research 
L a b o r a t o r y ,  C o r v a l l i s ,  OR,  158 pp. 

D e s c r i p t i o n :  Water q i i a l i  t y  and watershed d e 5 c r i p t o r s  f o r  lakes i n  
n o r t h e a s t e r n  U n i t e d  S t a t e s  

Keywords: A c i d  r a i n ,  l a k e s ,  wa te r  q u a l i t y ,  s t a t i s t i c a l  model i r iy  

Data Uses: M u l t i p l e  r e g r e s s i o n  ana lyses  

Data Impor tance:  Subset o f  d a t a  base was randomly chosen 

V a r i a b l e s  and U n i t s :  A l k a l i n i t y ,  pH, c o n d u c t i v i t y ,  c o l o r ,  and 21 
wat ers  heds 

Sampl ing Methods: v a r y  

Uncertainty/Reliability: S t a t i s t i c a l  u n c e r t a i n t y  i n  r e g r e s s i o n  ana lyses  
i s  a p p r o x i m a t e l y  k100 veq i i -  a l k a l i n i t y ,  b u t  u n c e r t a i n t y  i n  
o r i g i n a l  measurements i s  l a r g e l y  unknown. 

Data l y p e :  Raw 

Number o f  Records: 917 lakes 

Geographic Coverage: New Lngland and Adi rondack Park 

S p a t i a l  R e s o l u t i o n :  A l l  l a k e s  i n  G N I S  l a k e  Name Index  

P e r i o d  o f  Record: 1955 - p r e s e n t  ( m o s t l y  pos t -1975)  

1 empora 1 Hesol u t i o n  : Not  a p p l  i c a b l e  

References o r  Support  i ng Uocunients : See above 
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