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May, 1988

Copies of minutes listed b e l o w  were origin ally included 
in this file. The minutes are available on the STAIRS 
database CMPR. In order to save space copies of m i n utes 
have not bee n left in the files.

Mary V a n  N imwegen
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D E P T . OF E N V IR O N M E N T A L  CONSERVATION

OFFICE OF THE COMMISSIONER 
POUCH 0, JUNEAU, ALASKA 99811

March 1, 1985

The Honorable Edna Armstrong-DeVries 
Chair, Senate Committee on 
Community and Regional Affa irs  
Pouch V
Juneau, Alaska 99811

Dear Senator Armstrong-'eVries:

Thank you for the opportunity to comment on SB 48 related to grants for 
community a ir  quality monitoring and abatement programs. Mr. Stan Hunger- 
ford reported to me about the hearing you held February 7th. Since i t  is  
apparent that a le tte r  of intent and/or modifications to the act may be 
necessary, I offer the following comments for your review and consideration:

1) Specify that the department promulgate regulations s im ilar to the 
language in AS 46.06.130 referring to the L it te r  Program grant 
authority.

2) Define the types of projects e lig ib le  for funding sim ilar  to the 
language in AS 46.06.120 referring to the L it te r  Program grants, 
or AS 46.03.03(b) referring to water supply, sewerage, and solid  
waste f a c i l i t i e s  grants.

3) Insert language in what is  currently l in e  14, indicating that the 
department may enter into contractual agreements with an appropriate 
consulting firm on behalf of a community whose project merited 
funding in those cases where a community was unable to manage a 
contract of th is  technical nature, or has requested the department 
manage i t  for them, sim ilar to that in AS 46.07.040 related to the 
Village Safe Water f a c i l i t i e s  grant program.

4) Limit or prohibit the use of funding, such as use of project funds 
to pay routine community administrative costs, s im ilar to that in 
AS 46.03.030(d), related to construction grants.

5) Limit the amount of funds to be awarded to any one project or 
community.



Senator Armstrong-Devries -2 - February 21, 1985

6 ) Indicate how to allocate the total funds. For example, the 
following range of d istribution would give the department guidance 
on how the leg is la tu re  would like  a i r  quality problems addressed.

30-40% a ir  quality and mete'rological monitoring where 
r isk  of human health has a high potential 

10- 20% monitoring for potential environmental damages 
1 0 -20% basic research in atmospheric sciences applicable 

to high latitudes  
1 0 -2 0 % to develop control ^ raceg ies  
20-30% to implement a local control strategy 
10 -2 0 % to support staffing  of an approved local program 
10- 20% development of innovative control technologies.

We would be glad to work with yu.: to establish such allocation  
levels i f  you desire .

7) I f  funding for staffing a local program is  desired, specify the 
financial commitment required of the community, such as "matching" 
a sp ec if ic  percentage or budgeting to assure continuation of the 
program after the grant period ends, s im ilar  co that in 46.03.030(e) 
related to construction grants.

SWH6 /sm

cc: Senator A r l is s  Sturgulewski
Senator Vic Fischer  
Senator John Coghill 
Senator Frank Ferguson

Sincerely

Bi l l  Ross 
Commissioner
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O r i g i n a l  sponsors: Ferguson, Kelly,
Sturgul ewski and Coghill

F u n d i n g  I n f o r m a t i o n  
G e neral Fund $10,000,000 
O t h e r  Funds - 0 -

"$lO,OOO,OO0

BY THE C O M M U N I T Y  AND REGIONAL 
IN T H E  SENATE AFFAIRS C O M M I T T E E

CS FOR SENATE BILL NO. 48 (C&RA)

IN THE L E G I S L A T U R E  OF THE STATE OF A L A S K A

FOURTE E N T H  L E G I S L A T U R E  - FIRST SESSION

A  BI LL

For an Act entitled: "An Act m a k i n g  a special a p p r o p r i a t i o n  to the D e p a r t­

ment of E n v i r o n m e n t a l  C o n s e r v a t i o n  for p a y ment as 

grants to m u n i c i p a l i t i e s  and u n i n c o r p o r a t e d  c o m m u n i­

ties for clean air studies, a b a t e m e n t  of air p o l l u­

tion, /'and d evelopment of t echn ology to reduce air 

p o l l u t i o n " ^ a n d  p r o v i d i n g  for an e f f e ctive date."

EE IT E N A C T E D  BY THE L E G I S L A T U R E  OF THE STATE OF ALASKA:

* S e ction 1. The sum of $10,000,000  is a p p r o p r i a t e d  f r o m  the general 

fund to the Depart m e n t  of En' ironmental C onse r v a t i o n  for p a y m e n t  as grants 

to m u n i c i p a l i t i e s  and u n i n c o r p o r a t e d  communities for clean air studies, 

a b a t e m e n t  of air p o l l u t i o n , f a n d dev elo p m e n t  of t e c h n o l o g y  to reduce air 

p o l l u t i o n ^

* Sec. 2. The a p p r o p r i a t i o n  m a d e  b y  this Act shall be d i s b u r s e d  in 

a c c o r d a n c e  w i t h  AS 37.05.315 - 37.05.325.

* Sec. 3. This Act takes effect i m m e d i a t e l y  in a c c o r d a n c e  w i t  AS 01.- 

1 0 . 0 7 0 ( c ) .

C S S B  4 8 JH & R A 1



CITY/BOROUGH OF JUNEAU
A L A S K A ' S  C A P I T A L  CITY

r

January 28,  1985

Honorable Senato r  Edna Armstrong-DeVries 
Senate Community and Reg iona l  A f f a i r s  Committee 
Pouch V
Capi ta l Room 427 
Juneau, Alaska 99801
Dear Senato r  Armstrong-DeVries :
The C i ty  and Borough o f  Juneau has noted with g re a t  i n t e r e s t  the 
in t roduc t ion  o f  Senate B i l l  Number 48 which p rov ides f o r  g ran ts  to 
m un ic ip a l i t i e s  f o r  c lean  a i r  s tud ies  and a i r  p o l l u t i o n  abatement.
Perhaps one o f  the most s e r i o u s  h e a l t h  problems which e x i s t s  in  the 
Juneau area i s  the high l e v e l  o f  w in te r - t ime a i r  p o l l u t i o n  in the 
Mendenhal l V a l l e y .  R is ing  f u e l  p r i c e s  have caused a s i g n i f i c a n t  and 
unprecedented inc rease  in the i n s t a l l a t i o n  and use o f  wood s toves .  
Th is ,  combined with the unique topography o f  the Mendenhal l V a l l e y ,  
has caused reoccu r r ing  smoke p o l l u t i o n  cond i t ions  which a re  d e t r i ­
mental to  the h e a l t h  o f  the people o f  Juneau, e s p e c i a l l y  young 
ch i ld r en  and o l d e r  persons with r e s p i r a t o r y  problems.
In October 1983, the Assembly o f  the C i ty  and Borough o f  Juneau 
adopted r egu la t i o n s  which imposed r e s t r i c t i o n s  on wood burning in 
the Mendenhall V a l l e y .  The hea r t  o f  the r e g u la t i o n s  i s  the a u th o r i t y  
f o r  the C i ty  Manager to  d ec la r e  an a i r  emergency when a i r  p o l l u t i o n  
l e v e l s  a re expected to  exceed s t a t e  and f e d e r a l  a i r  s tandards . A l l  
wood burning i s  p roh ib i t ed  dur ing an a i r  emergency.
The cu r ren t  r egu la t i o n s  p lace  l o c a l  government in  the p o s i t i o n  o f  
r eac t ing  to  a i r  p o l l u t i o n  problems which deve lop r a t h e r  than t r y in g  
to  prevent them from deve lop ing .  We see a r e a l  need f o r  a compre­
hensive program which w i l l  inc lude  education o f  people as t o  the 
p roper  burning techniques and resea rch  in t o  types o f  devices such as 
c a t a l y t i c  combustors which can reduce the amount o f  wood s tove 
emissions .

v. 155 South Seward Street, Juneau, Alaska 99801



Senato r  Armstrong-DeVries 
January 28, 1985 
Page 2

The C i ty  and Borough o f  Juneau would we 1 coire the oppo r tun i ty  to  
o f f e r  test imony to  the Community and Regiona l A f f a i r s  Committee when 
Senate B i l l  Number 48 i s  being d iscussed. Please advise us as to 
the time and p lace  o f  the hear ing .

S in c e r e ly ,

C i t y  and Borough Manager
NLT:SG:sj
cc :  Sena to r  Ferguson



CITY AND BOROUGH OF JUNEAU 
MENDENHALL VALLEY AIR POLLUTION PROGRAM BUDGET

FY85-86

BUDGET ITEM 
Manpower

P o s i t i o n
F u l l - t im e  program coo rd in a to r  
Seasona l envi ronmenta l o f f i c e r  
Seasonal environmental  o f f i c e r

B en e f i t s
TOTAL MANPOWER BUDGET

Equipment
Nephalometer f o r  measuring woodsmoke l e v e l s  
Monitoring s t a t i o n  
D ico t  sampler

TOTAL EQUIPMENT

Cont rac tua l  Se rv ice s
Wind regime study o f  the Mendenhall V a l l e y  

to  develop a model o f  a i r  c i r c u l a t i o n  f o r  
r e f in ed  c o n t r o l  s t r a t eg y

Pub l ic  In fo rmat ion
Development and d i s t r i b u t i o n  o f  pub l i c  
education m a te r i a l s  concerning wood 
burning and a i r  p o l l u t i o n

TOTAL PROGRAM BUDGET

S a l a r i e s
$36 ,000

15 .000
15 .000
21.000 

$87 ,000

$17 ,0 00
5 .000
5.000

$27 ,000

$80 ,000

$15 ,000

$209 .000



MEMORANDUM State of Alaska

Bill Ross 
Commissioner
Department of E n vironmental

d a t e  February 7, 1985

f il e n o  366-348-85
C on se rvation

TELEPHONE NO 465-3600

Norman C. Gorsuch 
A tto rn ey  General

ADEC authority to 
administer clean 
air grants

Natural Resources-J

Former Commissioner Neve* wrote us on January 31, 1985
c oncerning SB 48, an act m a ki ng  appropriations to the Department 
of Co mmunity and Regional Affairs for grants to m un i cipalities 
for clean air studies and abatement of air pollution. the 
commissioner asked w h e t h e r  the Department, of En vironmental 
C ons er va ti on  has the statutory authority to administer a prog ra m 
of such studies and abatement activities. The answer is a clear

AS 46.03.020 provides that the department may:

(1) enter into contracts necessary or convenient 
to carry out the f u n c t i o n s , p o w e r s , and duties of 
the d e p a r t m e n t ;

(5) un de r ta ke  studies, inquiries, surveys or 
analyses it m a y  consider essential to the 
a c co mplishment of the purposes of the department; 
these activities m a y  be carried out by the 
p e rs onnel of the department or in cooperation w i t h  
public or private agencies, including educational, 
civic and r e s e ar ch  organizations, colleges, 
universities, institutes and foundations;

(6) at r easonable times enter a nd inspect w i t h  
the consent of the owner or occupier any prop er ty  
or premises to investigate either actual or 
suspected sources of po ll ut io n or contami n at io n or 
to ascertain compliance or n oncompliance w i t h  a 
regul at io n w h i c h  m a y  be p ro mu lg at ed  under 
AS 4 6. 03 .0 2 0 - - 4 6 .03.040; information relating to 
secret processes or methods of m a nu fa c t u r e  
discovered during investigation is confidential;

(7) conduct investigations and hold hearings 
a nd compel the a ttendance of witnesses and the

ity e s .ii

0 2 -0 01A (B ev . 10179)



Bill Ross, Commissioner F e b r u a r y  7, 1985
Department of Environmental C on se rvation Page 2
366-348-85

p roduction of accounts, booths and documents by the 
issuance of a subpoena;

(8) advise and cooperate w i t h  municipal, 
regional and other local agencies and officials i’' 
the state, to carry out the purposes of this 
c h a p t e r ;

(9) act as the official agency of the state in 
all matters affecting the purposes of the 
department under federal laws n o w  or he re after 
e n a c t e d ;

(10) adopt regulations n e c e s s a r y  to effectuate 
the purposes of this chapter, including, by w a y  of 
example and not limitation, regulations pr ov iding 
for

(A) control, p re ve nt io n and abatement of air, 
water, or land or subsurface land po ll u ti on  ...

S ubsection 5 is the most pertinent, but even in its 
absence a court w o u l d  hold that, unless s pe ci fically denied in 
statute, the agency has a sufficiently broad m i s s i o n  and 
a ttendant powers to administer the studies and abatement efforts:

[Administrative agencies] possess the [implied] 
powers r easonably ne cessary and fairly appropriate 
to make effective the express powers gra nt e d to, 
or duties imposed on them, and to accom pl is h  the 
purposes of the legislation w h i c h  e st ab l is he d 
them.

73 C.J.S. Fublic Ad m inistrative L a w  and Procedure, §51, p. 503 
(1983).

The agency m i s s i o n  and statutory powers are set out in 
v arious statutes. Besides the provisions quote d above, specific 
grants of power to regulate air p o l l u ti on  are found in 
AS 46.03.140 et seq. The power to study air p o l l u t i o n  is 
n ec es sa ri l y implied from the p ow er  to regulate p o l l u t i o n  by 
prevention, abatement, or control. AS 46.03.140. The power to 
grant variances u nder AS 46.03.170 n ec es s a r i l y  implies the p ower 
to undertake the investigation ne ce ss ar y to support the req ui re d 
factual findings p re cedent to the grant of a variance. Finally, 
the department has the power and duty to closely oversee local 
air p ol lution control programs, AS 4 6 . 0 3 . 2 1 0 - - 4 6 .03.220; the 
department cannot meet its r es ponsibility w i t h o u t  the data 
n ec es sa ry  to verify compliance w i t h  po ll ut io n standards. See, 
e . g . , AS 46.03.210(a)(4) and (a).



V

Bill Ross, Commissioner Fe br u ar y 7, 1985
Department of Environmental C on se rvation " Page 3
366-348-85

For these reasons, there is no doubt that the 
Department oi Environm en ta l C o n s er va ti on  has the p ow er  to 
administer the research and abatement efforts.

T K J :j f



O fficia l Business

Alaska i?tatc Hcgtslaturc
S e n a t e  

Committee on 
Community anb Regional Affairs

2 / 7 / 8 5

S u m m a r y  i n t o  - -  S B  4 8

T h i s  J i l l  w o u l d  a p p r o p r i a t e  $ 1 0  m i l l i o n  d o l l a r s  f o r  c l e a n  a i r  

s t t u i a s  a n d  a b a t e m e n t  o f  a i r  p o l l u t i o n .

T h e  m o n e y  c o u l d  b e  d i s b u r s e d  b y  t h e  D e p t  o f  C o m m u n i t y  & R e g i o n a l  

A f f a i r s  t o  a n a m e d  r e c i p i e n t  t h a t  i s  n o t  a m u n i c i p a l i t y ;  t h e  

d e p a r t m e n t  c o u l d  r e q u e s t  p r o p o s a l s  t o  p r o v i d e  t h e  g o o d s  o r  

s e r v i c e s  a n d  if m o n e y  i s  d i s b u r s e d  t o  o t h e r  t h a n  t h e  n a m e d  

r e c i p i e n t ,  t h e  b a s i s  f o r  t a k i n g  t h e  a c t i o n  m u s t  b e  s t a t e d  in  

w r i t i n g  a n d  a c o p y  s e n t  t o  L e g  B u d g e t  a n d  A u d i t ;  a n d  t h e  

m o n e y  m a y  b e  d i s b u r s e d  to a n o n  p r o f i t  c o r p o r a t i o n  o r g a n i z e d  b y  

a c o m m u n i t y  if  t h e r e  i s  n o  q u a l i f i e d  i n c o r p o r a t e d  e n t i t y .

( s e e  a t t a c h e d  s e c t i o n  f r o m  T i t l e  37 o f  t h e  s t a t u t e s .

T h e r e  is a l e g a l  o p i n i o n  f r o m  L e g  C o u n s e l  t o  S e n a t o r  F e r g u s o n  

t h a t  d i s c u s s e s  t h e  a w a r d  o f  g r a n t  m o n i e s  u n d e r  t h i s  b i l l .

A n c h o r a g e ,  F a i r b a n k s ,  a n d  J u n e a u  h a v e  s u b m i t t e d  e x a m p l e s  o f  

h o w  t h e i r  m o n e y  w o u l d  b e  s p e n t  u n d e r  t h i s  l e g i s l a t i o n .

A n c h o r a g e  d o e s  n o t  p l a n  to  h a v e  a w i t n e s s  t e s t i f y ,  J u n e a u  

w i l l  h a v e  e i t h e r  S t e v e  G i l b e r t s o n  o r  H r .  T e a g u e  ( B o r o u g h / C i t y  

M a n a g e r  t e s t i f y ) .  F a i r b a n k s  d o e s  n o t  p l a n  t o  h a v e  a n y o n e  t e s t i f y ,  

a l t h o u g h  t h e i r  l o b b y i s t  ( L i n d a  A n d e r s o n )  w i l l  b e  p r e s e n t .  

A n c h o r a g e  p e r s o n  p r e s e n t  w i l l  b e  S u z a n n e  T r y c k .

T h e r e  is m a t e r i a l  i n  t h e  f i l e  t h a t  c o r r o b o r a t e s  t h e  a i r  

p o l l u t i o n  p r o b l e m s  i n  A n c h o r a g e ,  F a i r b a n k s ,  J u n e a u ,  S i t k a ,  

a n d  K e n a i .  T h e r e  i s  a l s o  m a t e r i a l  o n  A r c t i c  H a z e .  T h e  a u t h o r i t y  

o n  a r c t i c  h a z e  i s  D r .  G l e n  S h a w  f r o m  t h e  U n i v e r s i t y  o f  A l a s k a  

G e o p h y s i c a l  I n s t i t u t e .  D r .  S h a w  w i l l  b e  p r e s e n t  t o d a y  t o  t e s t i f y

A r c t i c  h a z e  i s  t h e  p o l l u t i o n  t h a t  a f f e c t s  F e r g u s o n ' s  e l e c t i o n  

d i s t r i c t . . . . i t  i s  t h e  o n e  I p r e s u m e  h e  w o u l d  w a n t  m o n e y  f o r . . . .  

i t  i s  a r e l a t i v e l y  n e w  p h e n o m e n o n  - -  a i r  p o l l u t i o n  i n  t h e  o t h e r  

u r b a n  a r e a s  i s  c o n s i d e r e d  to b e  m o r e  o f  a n  i m m e d i a t e  p r o b l e m .

S t a n  H u n g e r f o r d  f r o m  t h e  D e p a r t m e n t  o f  E n v i r o n m e n t a l  C o n s e r v a t i o n  

C h i e f ,  A i r  a n d  H a r z a r d o u s  W a s t e  M a n a g e m e n t  S e c t i o n ,  w i l l  t e s t i f y .

I c a l l e d  t h e  A l a s k a  E n v i r o n m e n t a l  L o b b y  b u t  t h e y  s a i d  t h e y  

p r o b a b l y  w o u l d  n o t  t e s t i f y .

S e n a to r E dna DeVries. C h a irm a n

Members 
Senator Ferguson Vice Chairman 

Senalor Coghitl 
Senator Sturgulev.skr 

Senator V Fischer

Pouch V 
juneau Alaska998tt



MUNICIPALITY OF 

ANCHORAGE

MEMORANDUM

TO: Senate Community and Regional A-f-fairs Committee

FROM: Suzanne

Staff to the Municipality of Anchorage

DATE: February 20, 1985

RE: SB 48

This is the written response to the question asked during the last 

committee meeting on SB 48- During that meeting, Senator DeVries 

asked the Municipality whether any of1 the money in this piece of 

legislation would be used to study the effects of the burning of 

MeKenz i e poi nt on Anchorage-

I have been informed that, if the state does not study the effects 

of the burning on McKenzie point then yes, the Municipality of 

Anchorage will use some of the dollars appropriated to the 

Municipality in SB 48 -for that purpose-

Thank you for your consideration of this piece of legislation- If 

we can be of further assistance, please let me know (586-2401).



M unicipality
of

Anchorage

P.O. B O X  6-650

A N C H O R A G E .  A L A S K A  99502-0650 

(907) 264-4960 /Juneau 586 2401

TONY KNOWLES. 
MA YOR

INTERGOVERNM ENTAL AFFAIRS

TOPIC

Indoor Air Pollution 5tatevide 

Prograa

Meteorological Tower Ancbrsge 

Monitoring

Transit Subsidies Anchorage

Baurdoue Materials Ancbrag? 

Detection

.Carbon Monoxide Anchorage

Exposure Study Fairbanks

Acid Esin and Sncw Statewide

Mobile Laboratory Ancbrage

Vood Stove 8

Plug-io Cars 

(lighted)

Statewide

Municipal

garages

HUMCi-ALIlY OF ANCHORAGE 

SUGGESTED USES OF AIR POLUHOB FUtfDS 

(SS 48)

February 5, 1965

LOCATION FURFOSB

To answer air quality concerns in the bone. 

This 'a an area not covered by EEA, ADEC, 

ADOL, or US DDL.

More precise measurements of atmospheric 

stability to answer questions about blgb 

CO concentrations In Anchorage.

Develop the Municipality of Anchorage transit 

sy6ten to mate it more attractive to 

potential riders.

Develop a hazardous xaterlals team that can 

react quickly to spills and protect the 

public.

Coordinate with meteorological tover 

monitoring (above).

To determine actual exposures to carbon 

nonoxide from indoor and outdoor aources.

- Decertine whether outside CO measurements 

accurately reflect health impacts.

As a result of future in state use of coal, 

a baseline for scid deposition should be 

taken now.

To be used for air monitoring throughout 

the ninicipality.

To abate residential vood combustion 

pollutsnts.

EIFESDinilS

Workshop progran 

development 

Personnel 

Equipment 

Training

Meteorological 

inatruientation 

Telemetry equipment 

Tower

Heated shelters 
More buseB 

’'Feeder'1 routes

Equiprent

Manpower
Training

COST EST

5 100,000

5 200.000

52,000,000 

5 100,000

Monitoring equipment 5 300,000 

Manpower

To prevent or abate cold starts.

Monitoring equipment $1,000,000

Kaopover

Vehicle or trailer 5 200,000

lir Donltoring analyzer 

Meteorological eqoijoent

To provide low interest $1,500,000 

loans for retrofitting 

or purchasing or low 

polluting wood Btovea.

To provide lov interest $1,000,000 

loans or subsidies.



Mayor: B.B. Allen.... - , .vaas/tgic:livjca.*. crvjgJHenaeaiiw

F e b r u a r y  1, 1985

Ms. L i n d a  A n d e r s o n  

130 Seward, #304 

June au,  A l a s k a  99811

D e a r  Linda:

A t t a c h e d  is a list of p o s s i b l e  p r o j e c t s  in th e a r e a  o f  c le an 

air s tu die s and  a b a t e m e n t  o f  ai r p o l l u t i o n .  T h e s e  are the 

t yp es  of  p r o j e c t s  w h i c h  w e  feel c ou ld  b e  fu n d e d  u n d e r  the 

ter ms  o f  Sena te  Bi l l  48.

Pl e a s e  give m e  a call if y o u  h a v e  any  q u es ti on s.

Sincerely,

W u c ' t^ W * ’
H e a t h e r  T. S t o c k a r d  

E n v i r o n m e n t a l  S erv ic es  D i r e c t o r

H T S / m n b

A t t a c h m e n t

vCv Fairbanks North StarBorough

h t s l - 3 6

• -1 - nrrsusKMr, •:w sow -.tai-Tr/sr. skmaBSKtsmsustauIuxKCCDua^taKY^rstxaBBIR&sxaBMKiBMcysvnRiam&vixzF^izxsszsi&Sj&ixcm saR U C M g m i 

P.O. Box 1267 Fairbanks, Alaska 99707 (907) 452-4761



T  .
Fairbanks 

■M North Star Borough
S u g ge st ed  SB 48 P ro j e c t s

C LE AN  A I R

*  W ,  Qflfl 1. D a t a  a c q u i s i t i o n  and m e t e o r o l o g i c a l  e q u i p m e n t  for the

1 F a i r b a n k s  N o r t h  Sta r Borough. A l l o w  for m o r e  e f f i c i e n t  and

a c c u r a t e  c o l l e c t i o n  o f  a m b i e n t  ai r q u a l i t y  data.

2. N o n - a r e a w i d e  air q u a l i t y  m o n i t o r i n g  in th e F a i r b a n k s  N o r t h

T  tlf) 660 / S t a r  Borou gh . Use e x i s t i n g  m o b i l e  a i r  m o n i t o r i n g  e q u i p m e n t

) and  p u r c h a s e  s up ple m e n t a l  e q u i p m e n t  to i n v e s t i g a t e  c u rr ent

c a r b o n  m o n o x i d e  levels w i t h i n  the f e d e r a l l y - d e s i g n a t e d  

n o n - a t t a i n m e n t  area. C o l l e c t  e v i d e n c e  n e e d e d  to s hri n k  the 

u b o u n d a r i e s  o f  the d e s i g n a t e d  n o n - a t t a i n m e n t  area.

*1 0 0 ,0 0 0 . ’ZcL.’̂ rlc.e'feanesoaJmlv
m 3. C a r b o n  m o n o x i d e  ex po s u r e  s t ud ies  in F a i r b a n k s  a nd Anchorage.

T  7cJ/ OOO* ^  D e t e r m i n e  aver age  ind iv i d u a l  lev els  of e x p o s u r e  to car bo n

m o n o x i d e  b y  res id en ts  of the n o n - a t t a i n m e n t  a r e a s  in 

F a i r b a n k s  and Anchorage.

f  100,000. 4. Indoor A ir  Po l l u t i o n  —  Statewide: D e t e r m i n e  levels of

v a r i o u s  p ol lu t a n t s  in r e s i d e n c e s  statewide. T h i s  is of 

s p ec ia l c o nc ern  in s u p e r - i n s u l a t e d  a i r t i g h t  h o u s e s  an d is an 

ar e a  w h i c h  is not r e g u l a t e d  b y  EPA, ADEC, OSHA, or 

m u n i c i p a l i t i e s .

A I R  P O L L U T I O N  A B A T E M E N T  PROJECTS

5 0  ODO 0a ) t5  ■*■* Vehi-c le  I n s p e c t i o n / M a i n t e n a n c e  (I/M) P r o g r a m  in  F a i r b a n k s  and 
J. j-. A nchorage: P r ov id e I/M p r o g r a m  f un di ng  to r ed u c e  or

n  HNC/.V rA lR ., e l i m i n a t e  cost to i n d i v i d u a l s  as a r e s u l t  of  p r o g r a m

-507 COill n s J l i m pl em ent at io n.  P r o vi de subsidies, grants, c r  low cos t  loans

/ ^  for  r e p a i r s  nee d e d  in o r d e r  for v e h i c l e s  to m e e t  p r o g r a m
UjtylR.S "  I p 1 standards.

ow iflkw it  j(oan$
2. W o o d - c h i p p i n g  facilities: P r o v i d e  subsidies, grant s,  or

l o w - c o s t  loans to a c o m p a n y  w i l l i n g  to e s t a b l i s h  a p o r t a b l e  

inDHiiCJ In *  w o o d - c h i p p i n g  facility in the F a i r b a n k s  N o r t h  S ta r  Borough.

rny/ff/y/gj  T h i s  w o u l d  a l l o w  farmers to c l e a r  t h e i r  a g r i c u l t u r a l  lands

w i t h o u t  v i o l a t i n g  the p r o v i s i o n s  of the p r o p o s e d  ADEC open 

b u r n i n g  regulations.$ too, WO 
<1(51)0, MO

P.O. Box 1267 Fairbanks, Alaska 99707

Mayor: B.B. Allen

i snacstBVKte zsmssmBl
(907) 452-4761



S u g g e s t e d  SB 48 Froje cts

2/1/85

p a g e  2

tii La  ̂ '

W o o d  S t o v e  u p gr ad e p r o g r a m  —  Statew id e: P r o v i d e  subs id ie s or

l o w - c o s t  loans to i n d i v i d u a l s  w h o  r e t r o f i t  e x i s t i n g  w o o d  s to v e s  w i t h  

c a t a l y t i c  c o n v e r t e r s  o r  r e p l a c e  e x i s t i n g  w o o d  stov es  w i t h  c e r t i f i e d  

l ow  e m i s s i o n s  stoves.

H TS /m nb

a t t a c h m e n t

h t s l - 3 7
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TTCaH ILII ©0311, M l IS I

LEGISLATIVE AFFAIRS AGENCY

M E M O R A N D U M  January 31, 1985

SUBJECT: Senate Bill 48 Municipal and
unincorporated community grants

TO: Senator Frank Ferguson

FROM: Mike F. Ford
Legislative Counsel

POUCHY ST A lt  CAPITOL 
JUNtAU AlASKA 9981  I 

9 0 7  4 fo i 3 8 00

Y ou have asked for an explanation of the requirements g o v­
erning grants to municipalities and unincorporated com 
munities. Specifically, grants to municipalities are 
governed by AS 37.05.315, wh ic h sets forth the specifics for 
disbursal of the grant, w hich is by law through the 
Department of Administration. Grants to unincorporated 
communities are controlled by AS 37.05.317, w h i c h  requires 
the Department of Community and Regional Affairs to disburse 
the funds to the grant recipient. Grants to a specific 
named recipient, not a municipality, can be disbursed 
through any Department which has statutory authority to 
perform functions in the area for w hi ch  the grant is made. 
This requirement is set forth in AS 37.05.316.

Regarding appropriations to named r e c i p i e n t s , there may be 
more than one agency that could receive an appropriation as 
a grant and have the statutory authority to perform 
functions in the area of the grant. In some cases the 
statutory authority of a Department can overlap wi th  that of 
another Department, in effect giving the legislature a 
choice of which Department to use to disburse an a p­
propriation. For example, the Department of Commerce and 
Economic Development has the primary responsibility for p r o­
grams in relation to economic development and planning for 
the state, pursuant to AS 44.33.020. However the Department 
of Community and Regional Affairs has general authority to 
advise and assist local governments, and to conduct studies 
and projects for developing solutions to community a^d 
regional problems pursuant to AS 44.47.050. Assuming the 
existence of an appropriation for community economic



Senator Frank Ferguson 
J anuary 31, 1985 
Page 2

development, either Department would have broad authority to 
disburse grant funds to a n am e d recipient without violating 
statutory requirements, under AS 37.05.316.

In conclusion, SB 48 was drafted to disburse funds through 
the Department of Community and Regional Affairs because AS 
37.05.317 requires that grant funds to unincorporated 
communities be disbursed by that department. Grant funds 
for a na me d recipient w hi ch  is not a municipality, should be 
appropriated to the Department with the authority to act in 
the area, as required by AS 37.05.316.

M F F : ojb 
J 1 1/045
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3 Q 0 ) 0 ® o / \ c m l V  /V S O u £ d  f r & id b t  IIA

(jLAaefawudb fw a e a /io fa j
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OFFICE OF THE COMMISSIONER

POUCH 0, JUNEAU, AK 99811 465-2666

February 2, 1984

The Honorable Jerry Ward 
Representative 
Alaska State Legislature  
Pouch V
Juneau, AK 99811 

Dear Representative Ward:

Alaska is  currently in compliance with state and federal ambient a ir  
quality standards for a l l  pollutants except carbon monoxide (CO).
Since the early 1970s, CO levels in Anchorage and Fairbanks have 
exceeded health standards. Although airplanes, house heating units, 
power plants, and other industries also produce CO, motor vehicles 
generate 90-95% of the CO in these communities.

The Municipality of Anchorage and the Fairbanks North Star Rorough have 
established local a ir  pollution control agencies that have worked 
closely with the department to reduce public exposure to CO. Some 
improvements in a i r  quality have occurred throuyh automotive emission 
controls and implementation of local programs to reduce t ra f f ic  conges­
tion. However, th is  has been somewhat of a losing battle because both 
population and reliance on personal vehicles have increased, and are 
expected to continue to do so.

Enclosed s a brief summary of the CO violations in Anchorage and 
Fairbanks. Although the data on the magnitude of the violations have 
not teen included, please be aware that Anchorage's violations are 
frequently more than double the national and state CO standard of 9ppm 
and are frequently higher than CO violations in New York C ity . So far, 
th is year's high CO values are higher than last year's . Also, th is  
winter season is  the f i r s t  year in which violations occured in the 
month of October and is  the f i r s t  year violations occured at a repre­
sentative residential s ite  in the month of November. From January 1 
through January 23, 1984, there have been a total of 8 violations at 
three of the monitoring s ite s .  This would bring the total violations 
for th is  CO season to approximately 53 for a l l  states.

I have also included some information on the "whys" and "wherefores" of 
an Inspection and Maintenance program (I/M). Questions 3, 4  ̂ anfi 5 
sp e c if ica lly  address alternative approaches and consequences of not



implementing the I/M proram. This information was put together by the 
sta ff  of Dr. Rodman Wilson, Director, Department of Health and Environ­
mental Protection, for the Municipality of Anchorage in the ir  efforts  
to correct the violations of the carbon monoxide standard. He and his 
s ta ff  are actively  involved in a l l  aspects of the carbon monoxide prob­
lems, transportation control programs and I/M program planning in 
Anchorage. I am sure he would be very w illing  to discuss this topic 
and provide additional materials needed for your sub-committee hearings. 
I f  I '•.an be of any further help, please do not hesitate to contact 
me.

RAN/DK/ne

cc: Dr. Rodman Wilson



A tt ac h m e n t 1

Anchorage 
7th and C

Spenara and Benson

Garden**

Sand Lake

Fa irbanks 
2nd a r j  Cushman

Borough Bldg

SOB

Hisotoricai CO Violations

Calendar # Violations (over 9ppm)
Year in an 8 hour period

1975 47
1976 15
1977 . 14
1978 12
1979 4
1980 18
1981 2
1982 2
1983 n.o.*

1978 5
1979 63
1980 73
1981 32
1982 57
1983 49

1981 7
1982 24
1983 26

1980 51 (construction-traff
1981 6 rerouting)
1982 6
1983 6

1975 61
1976 100
1977 105
1978 68

1975 114
1976 118
1977 74
1978 9
1979 32

1975 65
1976 77
1977 65
1978 49
1979 42
1980 32

* not operational 
** residential location



OFF ILL OF THt oOhMlbsiUhLh 
puucH o, J UNtAU, Alaska y-jca 40J-ZGUU

J anuary j .  iWb

hr. Pat Teague
City Manager
City & Borough of Juneau
lbb South Sewarci Street
Juneau. Alaska 9‘Jaui

Dear Mr. Teague.

During the last woodsmoke episouc i t  was evident that the valley residents 
are becoming complacent regarding burning. Numerous violators wore warned 
and c itea . enforcement i s  the Key to the success of reducing pollution 
in the Valley. Without proper anc adequate enforcement wc w ill  most as­
suredly vio late State and Federal Stanuards anG oe declared a non-attainmerit 
area by the federal government-

Four members of tne ADCC s ta ff  spent hv man-hours Helping enforce the 
woodsmoke ban. Without t liis  aaoeci support to the c ity  s ta f f ,  additional 
exceedances to the TSP standard would have been realized.

1 feel a meeting i s  needed to discuss the ramifications of minimum 
enforcement and the eventual declaration of non-attainment by tho federal 
government. Please have your Lane ar.c Resource manager, Steve Gilbertson, 
contact Tom Chappie of my a ir  s t a f f  for establishment or a meeting on 
th is  subject.

> ,.1/ Richard A. Neve 
 ̂ Commissioner

RAW/LY/sd



OFFICE OF THE COMMISSIONER

POUCH 0, JUNEAU, ALASKA 99811 465-2600

April 9, 1984

The Honorable Fran Ulmer, Mayor 
City and Borough of Juneau 
155 S. Seward 
Juneau, AK 99801

Dear Mayor Ulmer:

I wish to express my gratitude to the City and Borough of Juneau for 
i t s  positive actions to improve the a i r  quality of the Mendenhall 
Valley. The jo int program between city and state this past wintpr 
demonstrated that a i r  pollution can be checked while also allowing 
personal firewood to be a continued component of the local pnergy 
balance.

Wood snoke in Juneau was the fastest growing a ir  quality oroblem within 
the state. The health of approximately 1 0 ,U00 people are effected to 
some extent during these wood smoke episodes. Unfortunately, those 
individuals who are least able to make their opinions and concerns 
known are the most readily affected. The children, the sick and the 
elderly are almost always the f i r s t  to suffer the deleterious affects  
of a ir  pollution.

As Juneau continues to grow, the c ity  government through your direction  
must be prepared to respond to this and other escalating environmental 
problems. The recommendations presently before you and the assembly as 
drafted by the A ir Quality Advisory Committee responsibly address these 
problems. It  is  apparent that a great deal of research, debate and 
forethought is  encompassed in the > commendations. Each point is  well 
founded and in unison they provide the integrated approach that is  
necessary to abate the problem. The establishment of an environmental 
health sta ff  and the enactment of specific  pollution emission standards 
for newly purchased stoves are the major cornerstones of an effective  
management program when coupled with enforcement of existing ordinances.



Mayor Fran Ulmer -2 - April 9,

In summary, I urge you to adopt and Implement the recommendations 
your committee and I offer the resources of my staff  to a ss is t  in 
detailed development of each of the program components.

/ '  \  /Sincerely,

v^_jrxf*Richard A. Neve1 
v  ' 'Commissioner

RAN/TC/ne

1984

of
the

cc: N.L. Teague - City Manager
Keith Kelton 
Deena Henkins



M E M O R A N D U M

t o : N. L. Teague,
City Manager

f r o m :  A ir Quality Advisory Coix’ittee
Bob Jacobson, Chairnan 
Larry Armstrong 
Dr. Dennis Batey 
Mark Burger 
Karleen Gruraett 
Verdell Jackson, Co-Chairman 
Martha Kohler 
Ann ffcFarlane 
Shannon Shields 
Larry Woodall
Steve Gilbertson, S ta f f  Liason

T H E  C I TY A N D  B O R O U G H  O F  J U N E A U
C A P ITA L o f  A LA SKA  

i 55  SOUTH SEW ARD ST. JUN EAU , A LA S K A  99801

d a t e .  February 24, 1984• **

FILE NO. % •

s u b j e c t .  Air Quality Advisory
Committee Recommendations

RECEivr-' 
MAR 0?
DEPARlM'.r--

ENVIRONMENT'.

The City and Borough of Juneau (CBJ) A ir Pollution Advisory Committee has 
been holding monthly meetings since the enactment of the Wood Smoke 
Ordinance last f a l l .  We have been getting updates from the Alaska 
Department of Environmental Conservation (DECland the CBJ s t a f f  on the 
effects of the ordinance and have been working with those agencies on 
methods of educating the public in a l l  facet', of the pollution problem.
In January, the CBJ manager requested that our corxnttee make 
recomnendations to the Assembly regarding a moratorium on wood-burning 
devices in the Mendenhall Valley and on building code modifications 
concerning res dential heating requirements. As we have been discussing  
other topics d .rlng  our de liberations, we have taken th is  opportunity to 
include recormendations on several other topics as v/ell.

1. The issue of a moratorium on wood-burning devices in new residentia l  
construction was debated long and hard within our committee. Based 
on the feelings of an overwhelming majority of i t s  members, our 
comittee recommends that the Assembly enact an ordinance placing a 
moratorium on the in sta l la t io n  of a l l  wood-burning devices in new 
residential construction in any Wood Smoke hazard Area found within 
the City and'Borough l im its  until January 1, 1985. By that date, the 
CBJ sta ff  w i l l  be charged with developing emission standards and a 
cert if ica t io n  program for Y'ood-burning devices. A ll wood-burning 
heating devices sold in the CBJ or Insta lled  under conditions  
requiring a CBJ Building Permit from that dote forth v.’ould be 
required to meet or exceed the standards set by the c e r t i f ic a t io n  
program. We also recommend that th is  program be reviewed annually 
Because of the rapid changes in wood-burning technology. Such an 
ordinance can be e as ily  enforced by building inspectors within the 
building permit system.

2. We find i t . incongruous that the current CBJ building code allows 
residences to be b u ilt  with wood-burning devices as a major source of 
heat especia lly  in the Jfcr.denhall Valley. We, therefore, recommend 
that the Assembly amend th is  building code such that, in new



N. L. Teague 
February 24, 1984 
Page 2

residential construction within any Wood Smoke Hazard Area contained 
in the CBJ l im it s ,  a l l  heating requirements be net by other than 
wood-burning devices. As s ich , residences would be adequately heated 
i f  an extended ban on wood-burning devices was required.

3. The pollution problem, so evident in the Mendenhall Valley , can be 
seen to some extent throughout the entire  C3J. Open burning, in

-.' part icu lar , has produced smoke that lo c a l ly  i s  quite obnoxious. We, 
therfore, recommend that the Assembly enact a lim ited borough-wide 

an on a l l  open burning from November 1 to March 31. This ban could 
be l i f te d  on a day-by-day basis as determined by the CBJ Manager.
(All open burning would, In the Wood Smoke Hazard Area, continue to 
be to ta lly  banned during that time.) We also recommend that the CBJ 
investigate and pursue the purchase and construction of a Waste-to- 
Energy Plant fo r the disposing of a l l  so lid ,  burnable wastes. When 
such a system becomes operational, we recommend a l l  open burning in 
the CBJ be banned to ta l ly .

4. At the present time, there is  no method by which a po llu ter  outside 
of the Wood Smoke Hazard Area can be stopped. We feel that such a 
tool 1s necessary to protect those affected by ..areless burners. ■ We, 
therefore, recommend the 50 percent opacity standard presently in 
place 1n the Wood Smoke Hazard Area be implemented throughout the CBJ.

5. As presently w ritten , the Wood Smoke Ordinance allows people to burn 
newspapers and coal in wood-burning devices. This can possibly  
subvert the intent of the ordinance. We, therefore, recommend that 
Paragraph 36.40.050(a) of Ordinance 33-63 be amended changing, " . .
. no person may burn wood in any manner . . ." to , " . . .  no person 
nay burn wood, wood products, or coal in any manner . . ."

6 . Although no exact c r i t e r ia  for ca l l in g  A ir  Emergencies v/as included 
in the Wood Smoke Ordinance, state and federal standards do give the 
City Manager some l im it s .  Based on Input from local U.S.
Environmental Protect ion Acency (EPA) personnel, our committee 
publicly recommends that the City Manager use a 24-hour average 
particulate  count of 150 ug/m̂  as the standard in the Wood Smoke 
Hazard Area. This complies not only with current EPA and DEC 
standards, but also with proposed EPA l im it s .

7. Although wood smoke is  the most obvious form of pollution in Juneau 
and especia lly  in the Mendenhall Valley, i t  is  not the only r.ne. The 
smoke is  obvious because i t  can be sec-n ar.d smelled. However, our 
committee, with input from DEC, believes that there is  beginnings to 
be a problem with automobile emissions in the Mendenhall Valley. 
Conditions that are conducive to holding wood smoke near the earth's  
surface do the same with carbon monoxide, nitrous oxide, su lfe r  
dioxide, and other pollutants which cars produce.
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As pore and nore people move into the v a lle y ,  th is  problem w ill  
become la rg er. I t  is  possible that EPA standards for these emissions 
have already been violated in isolated instances, especia lly  near the 
Mendenhall Mall.

Also, upon looking at the wood smoke episodes, we are convinced that 
the problem is  not completely confined to the va lley . I t  is  l ik e ly  

• 'that the Lemon Creek Valley w il l  soon be subject to the same
wood-burning restr ic t io n s  as those in the Mendenhall Valley. Also, 
smoke from these sources has been d r ift in g  over the downtown area and 
down the Gastineau Channel.

Our coiwittee feols that there is  a c r i t i c a l  need for a CBJ 
department to be charged with monitoring and dealing with a l l  of the 
various environmental health concerns of the municipality. This 
would encompass not only a i r  pollution but also water pollution and 
the various forms of waste d isposal. The state i s  unable to 
adequately handle these a f f a i r s .  In addition, these are City and 
Borough problems and the City and Forough should manage them.

As such, the CBJ A ir  Quality Advisory Committee reconmcnds that the 
Assembly cause an Environmental Health Unit to be established with 
the current governmental structure. This should be done before the 

. 1984-1985 wood smoke season.

He feel these seven proposals would tighten up the already enacted 
ordinance and would help make not only the Mendenhall Valley but the 
entire City and Borough more l iv a b le .  We also feel that an Environmental 
Health Unit i s  especia lly  important. He urge the Assembly to adopt and 
implement these recommendations

BJ:sj:61



D E P T .  D F  E N V H R O N t tE . 'S T A IL  C O f tS E R V A T S O f t Telnphone:(S07l 465-2666 
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Juneau 99811

Mr. Rocky Gutierrez 
City Manager 
City & Borough of Sitka 
P.O. Box 79 
Sitka, Alaska 99835

Dear Mr. Gutierrez:

The Department of Environmental Conservation in conjunction with the Sitka 
Community High School proposes to undertake an a ir  quality monitoring 
program to measure exposures of total suspended particulate matter (TSP) in 
Sitka.

Particulate matter can be generated from a number of sources, including 
windblown s o i l s ,  fuel burning and industrial processes, residential wood 
burning and marine sa lt  water spray. Due to the observed build-up of 
wood smoke pollution on a few days in Sitka last  winter, the Department 
desires to assess the potential existence of unhealthy pollution lev e ls.

Mr. B i l l  Foster of the Sitka High School has indicated an interest in 
performing the monitoring project. Students working d irectly  under his 
supervision with in i t ia l  training by Department personnel would perform 
the daily operational aspects of the monitoring.

During this past May, Lester Leatherberry and I assessed several potential 
monitoring locations in consideration of Lester's knowledge and observation 
of residential d is t r ic ts  prone to smoke build-up. In establishing moni­
toring s i te s ,  i t  is  imperative to select a s ite  which w ill collect a 
sample representative of the overall a i r  quality . For this particular  
type of project, i t  is often d if f ic u lt  to find a location which w ill  
not, at times, co llect a i r  parcels d irectly  from a smoke plume emanating 
from a nearby house. Upon determining the residential area north and 
east of Swan Lake as the area of study, the small sp it on the eastern 
shore of Swan Lake (see attached map) was found to be the only acceptable 
location for the sampler. This location should provide samples free of 
direct source impacts while also describing the overall condition of the 
area's ai r quality.

Since this s ite  is  the property of the City and Borough of Sitka, the 
Department requests permission to in sta l l  and operate a ir  quality and 
meteorological monitors for a period of two years.
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A small wooden platform will be needed for the instruments. A prelim- 
•.,ary sketch of the platform is  enclosed for your review, in addition to 
seme information on the proposed instruments. I t  w ill  also bo necessary 
to supply e le c tr ica l  power to the s ite . Although the platform has not 
be 'n designed in d e ta i l ,  maximum considerations w ill be made to ensure 
the platform and equipment are compatible with existing s ite  usage. The 
ground surface at the s ite  w ill be disturbed only for the location of four 
cement footings and possibly to bury e le c tr ica l  cable from a nearby power- 
l i  ne.

If  approval is  granted, we would desire to begin equipment insta llation  
during September of th is  year. Should you desire some additional c l a r i f i ­
cation on this request, please contact me.

Enclosures

cc: Lester Leatherberry - Sitka DO 
Deena Henkins - SERO 
B il l  Foster - Sitka High School 
Tom Trib le  - Lab

Si ncerely,

Air Quality Engineer
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Thomas R. Hanna 
Section Chief
Air and Solid Waste Mvanagement

March 28, 1930

Stanley W. Hungerford 
Environmental Engineer IV

Public Hearing 
Tesoro Variance Request

On March 19, 1930 I held a public hearing at the Kenai Borough Building 
in Soldotna to receive testimony on Tesoro Alaska Petroleum's request 
for a variance from emission regulations and/or the circumvention regulation 
for sulfur dioxide emissions from a proposed sulfur recovery plant. Ten 
persons attended the hearing, tv/o Tesoro representatives testified, and 
one individual asked a number of questions and expressed concerns about 
the cumulative effects of continued industrial growth. We also received 
written comments from two persons and two others requested copies of the 
variance application and other information.

Mr. Grantham, Tesoro project engineer, described the sulfur plant project, 
its relationship to the already permitted refinery modifications, and 
the company's efforts to find a vendor that might guarantee compliance 
with existing State emission standards without the use of dilution air.
He also discussed the estimated change in rir quality due to the sulfur 
dioxide emissions, and presented some general information from studies 
of sulfur dioxide impacts on human health, conifers and laboratory 
animals.

Mr. Jakubas commented that he didn't particularly object to the SOg 
emissions so long as they weren't offensive. However, he did express 
considerable concern for the increasing amount of HOx emissions in the 
Kenai area, and the possible acidification of poorly buffered lakes, 
from acid rain and/or dry (nitrate) deposition. He also Iiad a number of 
questions about the BACT alternatives presented in the PSD application, 
seasonal variations in meteorology and seasonal changes in patterns of 
"areas of influence" to which Mr. Grantham responded.

Mr. Pat Thomas, Tesoro's legal representative, briefly discussed socio­
economic aspects of the project -- less air pollution due to the increase 
in un-leaded gasoline production, more petTOleum products available for 
use in Alas lea enhancing the economy, and tho temporary increase in 
construction jobs available to Kenai residents.

Mr. Charles F. Bailey, Assistant Trust Officer of national Bank of
Alaska in Anchorage, in written comments, expressed concern that objectionable
odors might be evident on the property held in trust, and if such v/ere
the case, his client had instructed him to enter an objection to the
request for a variance.
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Mr. James E. Frates, Refuge Manager of the Kenai National Moose Range, 
submitted a lengthy list of concerns and questions many of which related 
to acid rain etc. A number of his questions pertained to the PSD review. 
Two qr„stions were about the reason for the State's regulations and one 
about field surveillance activities.

Based on my review of the Variance application and testimony submitted.
I have concluded that we should amend the permit and grant a variance to 
Tesoro which allows them to operate the H^S incinerator and dilute the 
exhaust to comply with the SO2 emission limitation.
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Kenai Refinery; 

S u g g es ti on s for 

M o n i t o r i n g

I hav e r e v i e w e d  Mr. F r a t e s 1 letter reg ar din g the T e s o r o - A l a s k a  Kenai 

refinery. The f ollowing are my  suggestions and comments.

G e n er al ly  speaking, the many concerns e x p re ss ed  b y  Mr. Frates r e p res en t 

h y p o t h e t i c a l  situations ra th er than actual o r  a n t i c i p a t e d  conditions. 

There is no p o i n t  in my trying to address Mr. Frates' concerns in d i v i d­

ually since I presu me t h a t  you  will  be d o i n g  that in your letter.
•

However, there are some actions that we can take in or der  to p r o vid e 

you w i t h  f a c tu al  i n f o r ma ti on r egarding en vi ro nme nt al  conditions.

.We can d e v e l o p  an ambie nt air m on it o r i n g  strat eg y for the a re a  of 

co n c e r n  c o n s i d e r i n g  sit in g requirements, ins tr u m e n t  sele ct io n and 

p e r f o r m a n c e  testing, calibration, m ai n t e n a n c e  and d at a  reduction. 

Dis t r i c t  offi ce  pers onn el  m u s t  opera te  the equipment, however. We 

m i g h t  w a n t  to esta bl ish  S02, 03, Oxides of Ni tr o g e n  and TSP  sites at 

one  or two locations.

We can d e v e l o p  a p r o g r a m  for m o ni to rin g w a t e r  qu a l i t y  o f  nea r b y  lakes 

and  streams ev al u a t i n g  p ar am et ers  such as TKN, N03-N02, sulfate, pH, 

car bo nat e a l k a l i n i t y  and perhaps even hydrocarbons. A g a i n  d i s t r i c t  

o f f i c e  s u pp or t w o u l d  be r eq ui r e d  to c o ll ec t samples and m e a s u r e  pH  

as well as car bo na te  alkalinity. E QM& L O  can p ro vi de  the re qu ire d 

la bo r a t o r y  support.

In o r d e r  for you  to decide h o w  far you w i s h  to go w i t h  this problem,

I have in cl u d e d  in the fo ll owi ng  an estimate of ne w e q u i p m e n t  costs.

I A M B I E N T  A I R  MON IT O R I N G

A  S ul f u r  Dioxide

1. TE C O  M odel 43 S02 analyzer 8,500

2. M E T RO NI CS  D y n a ca lib ra to r 5,350

3. SUPE RS CR IB E strip chart re corder 1,600

4. M O N I T O R  LABS signal averag er 1,100

5. V is ce ll an eou s c ommodities 250

16,800 per site

B Ozone

1. r-SIBI M ode l 1003-RS Ozone a na lyzer 5,750

2. SUPERS CR IB E strip chart r ec o r d e r  1,600

3. M O N I T O R  LABS signal av er age r 1,100

4. Miscel lan eo us  commodi ti es  250

8,700 p er  site
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C Oxides of Ni tr o g e n

1. M O N I T O R  LABS M odel 844-E NO(X) analyzer 10,000

2. CSI Gas phase tit ra ti on c al ib ra tor 9,000

3. S U P E R SC RI BE  s trip c hart r ecorder 1,600

4. M O N I T O R  LABS signal averag er 1,100

5. M i s c e l l a n e o u s  commodi tie s 250

21,950 per site

Total e q u i p m e n t  costs per site for ambi ent  air m o n i t o r i n g  are $47,450.

I recommend a b a c k - u p  strip c h a r t  r ec order and  signal a ve ra ge r for an 

a dd it io na l $2,700 and a total of  $50,150.

II W A T E R  Q U A LIT Y M O N I T O R I N G

A No n- con s e r v a t i v e  Parameters

1. O RION pH  meter, pr obe  and b uf f e r  solutions,

a lk al in it y gear  950

B C o n s er va ti ve Parameters

1. All req u i r e d  w a t e r  chemist y can be i nc or p o r a t e d  into 

the e xi s t i n g  program.

I have included one o f  these sites in our r e q u e s t  for additional 

ambient air m o n i t o r i n g  equipment. Please ad vis e me h o w  you wa n t  to 

go with this problem.
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Chief, ECM 5 LO

April 9, 1930

Stanley W. Hungerford 
Environmental Engineer IV

i\enai Air/Water 
Monitoring Program

Tam, your suggestions for a multi-parameter monitoring program for 
obtaining "background" air and water quality data in the Kenai area 
looks good to me. Please obtain the equipment (via Tcm Hanna's grant 
funds) and arrange to set up a monitoring station somewhere in the 
vicinity of the Collier-Phillips-Tesoro industrial complex about 10 miles 
north of Kenai. Enclosed is a map from Tesoro1 s PSD application which 
indicates calculated pollutant concentrations in the area, and another' 
map showing locations of major facilities.

I hope you can get the program started while I am on leave, but if not, 
we should get together as soon as I return. liere are the names of 
company officials who might be able to help you site the instruments and 
obtain power: .

Union Chemicals —

Mr. George Ford, Plant Manager (776-8121) 
Mr. Bill Switzer, Environment Engineer

Phillips Petroleim -

Mr. J. F. Settle (776-8166)

Tesoro Alaska Refining

Mr. Mark Necessary (776-8191)
fir. Ray Measles, Laboratory Supervisor

Chevron USA (refinery) --

Mr. George E. Day, Manager (776-8161)

Chugach Electric Ass'n

Mr. L. J.-Schultz, General Manager (276-3500) 
Mr. Larry Marley, Manager, Environmental
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Summary Information 
Alaska A rct ic  A ir  Pollution Planning Symposium

The purpose of the symposium i s  to assemble experts from a wide variety  
of d isc ip l in e s  to discuss the issues and ram ifications of A rct ic  a i r  pollution  
and to lay the ground work for a follow-up international meeting. ,

This symposium i s  convened by the University of Alaska and funded by 
the State Legislature  at the request of the Honorable F . R. Ferguson, Alaska 
State Senator.

A major objective of the meetings i s  to determine, at the request of 
Senator Ferguson's o f f ic e ,  whether growing a i r  pollution in the remote 
A rct ic  regions constitutes any threat to health or environment and, i f  so, 
to assess the s ituation  and make recommendations for a plan of action.

A rct ic  a i r  pollution i s  a phenomenon which has come to the attention  
of s c ie n t is t s  only recently . The pollution a ffe cts  large portions of the 
northern polar cap of the planet; i t  i s  remarkable because of i t s  aeria l  
extent.

After a decade of research, mainly in the North American and Scandinavian 
A rc t ic ,  we have learned that the "Arctic  Haze" i s  the resu lts  of industria l  
a i r  po llution . In Alaska the haze pollution i s  th ickest  on the North Slope 
of the Brook's Range and extends eastward at le a s t  to Norway, or roughly 
ha lf  way around the circumference of the A rc t ic ,  and probably fu rther. The 
pollutants sometimes extend up to 18,000 fe e t ,  but usually  are contained in 
layers c lose to the ground. In la te  winter months the pollution can become 
quite dense.

A research group at the University of Rhode Island (under the d irectorship  
of Kenneth Rahn) has developed a system of chemical tracers that can reveal 
where a given sample of polluted A rctic  a i r  comes from. The work has shown 
quite c le a r ly  that the major source of pollutants in the American A rctic  i s  
the Soviet Union. After the USSR, Europe and, we think, the United Kingdom 
are the next la rg est  sources. Nroth America contributes very l i t t l e  
pollution to the A rc t ic ,  prim arily  because of a i r  flow patterns and location .

In 1983, instrumented a i r c r a f t  from the United Sta tes , Norway and the 
Federal Republic of Germany flew into the high A rctic  and sampled the a i r ;  
pollution by-products were found in higher than expected concentration and 
a l l  the way to the North Pole.

A rctic  a i r  pollution i s  sampled at Geophysical In s t i tu te 's  f ie ld  
stations in central Alaska and at a U.S. Department of Commerce station  near 
Barrow. When a i r  i s  drawn through white f i l t e r s ,  the f i l t e r s  sometimes 
turn dark gray in color. According to Hal Rosen at the Livermore Laboratory 
in C a l ifo rn ia ,  the d iscoloration i s  caused by carbon p a r t ic le s .  S c ie n t is ts  
are concerned that the black light-absorbing carbon p a rt ic le s  over the 
re f lect in g  polar ice  might disturb the c lim ate.

I t  i s  believed that a dialogue between health experts, government and 
industria l representatives, and s c ie n t is t s  in symposia l ik e  these may help 
set the stage for a rational future po licy .

Glenn Shaw
Geophysical In st itu te  
University of Alaska



applied science & tech oology in the n

A P PLIED R E S E A R C H  O F  

THE' G  EOPHYS I C A L I M S '

V O L U M E  15, N U M B E R  3 

F A L L  1983



Figure 1. A rc tic  haze as photographed near Barrow, Alaska, in A p ril, 1978.

IN TRO DU CTIO N

The great c la rity  o f polar air is legend­

ary; polar explorers have frequently com ­

mented on it. Indeed, it  should come as no 

surprise tha t polar air is frequently clear; 
there is no dust, there is no local air p o llu ­
tio n  to  speak o f, and the polar oceans and 

land masses are covered w ith  ice and snow 
most o f the time.

Nevertheless, something started going 
awry, apparently around the end o f World 

War II. People began reporting the exis­

tence o f haze at high-latitude locations in 

the Scandinavian and Alaskan Arctic. A t 

firs t it  was believed, as was often in fact 

the case, that the observers were report­
ing v is ib ilit, reductions caused by blowing 

snow or precipitations o f ice crystals. But

Dr. Glenn E. Shaw is a professor of geophysics at the Geophysical institute. Univer­
sity of Alaska, Fairbanks, lie has been studying the arctic haze phenomenon since the 
mid-1970s and has published numerous articles on the subject.

The Northern Engineer, Vol. 15, No. 3



in 1956 J.M . M itchell, who was then a 

young weather o fficer stationed in Alaska 

(and now is a noted clim atologist), flew  on 

a B-29 USAF "P tarm igan" weather recon­

naissance flig h t and took a close look at 

the haze which was being reported by the 

pilots. M itchell had a good eye fo r detail 

and he surmised from  the color and the 

way it scattered light that the haze was 

composed o f submicron-sized particles; 
there was no way that ice crystals or b low ­
ing snow could cause such effects. Mitchell 

published his interesting observations, but 

his paper apparently attracted litt le  atten­

tion  and was soon buried in the literature 

and fo rgo tten .1

In the early 1970s tu rb id ity  at several 

arctic stations was found to  be higher 

than expected and to have a seasonal varia­

tion  opposite to  that at m idlatitudes.3' 3 

(T urb id ity  as used here refers to  the hazi­

ness o f the atmosphere, and is usually ex­

pressed in terms o f how much sunlight is 

lost on its way through the atmosphere 

when no clouds are present.) This finding 

was entirely unexpected and puzzling. 

Subsequent investigations from  1973-1977 

confirmed tha t the haze was strongest in 
late w inter/early spring (Fig. 1).

Investigations were made w ith  a research 

aircraft at Barrow to  try  to  learn more 

about the haze. These showed that the 

haze concentration usually increased from  
the surface and reached maximum concen­

trations at several thousand meters altitude 

(Fig. 2). From this, we deduced that the 

haze is not produced from  nearby surface 

sources. The altitude o f the haze, its h o ri­

zontal extent covering hundreds of k ilo ­

meters, and its association w ith  air masses 
coming from  the north have made it d i f f i ­

cult to  understand exactly where the haze 

originates. A ll that could be said at the 

time o f the early studies was tha t the pa rti­
cles had been carried in from  very distant 

sources. The source o f the haze itself re­
mained a puzzle.

In 1976 studies o f arctic haze were in ­
tensified. A series o f chemical sampling 

experiments, carried out by Kenneth Rahn

and Randolph Borys at the University of 

Rhode Island, were aimed at determining 

the composition o f arctic haze. The results 

were quite surprising. They told us that 

arctic haze is rich in elements associated 

w ith  industrial po llu tion , such as vanadium 

(V) and manganese (Mn). This was the firs t 

o f several indications we now have tha t 

arctic haze is no t natural in origin bu t is 

associated w ith  industrial air pollu tion.

THE SUMMER-WINTER CONTRAST

The presence o f haze in the arctic at­

mosphere during w in ter is as surprising as 

its absence in the summer. Why is the sea­

sonal variation opposite from  that found 

at the midlatitudes?

A t most places the strongest po llu tion 

concentrations occur during summer. Near 
arctic coastal regions in summer, one can

imagine a suite o f local particle sources: 
organic vapors, combustion products from  

wildfires, w indblow n material from  loess 

deposits, and salty particles blown from 

the arctic seas, among others. These sources 

disappear in the w inter and, in addition, 

air convection currents also disappear or 

are much weaker in w inter. That is w hy it 

is so surprising to  find  a decrease, rather 

than an increase, in haziness as w in ter 

changes to  summer in the Arctic.

The winter-summer contrast is appar­

ently Arctic-w ide; we've found that sam­

pled particles from  the air at Thule, 

Greenland, at Spitsbergen, and near Fair­

banks (representative o f in terior Alaska), 

all show pronounced w inter maxima. In 

general, one can say tha t arctic air is clean 

in summer, bu t d ir ty  in w inter.

Generally the haziness is small in the 

autumn months but starts building in late

E
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Figure 2. Vertical profile  o f arctic haze over northern Alaska, representing the 
profile o f optical ex tinc tion ; it  is more or less proportional to  the particle mass 

concentration.
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Figure 3. The arctic haze disappears in the late spring, w ith  the onset o f extensive cloudiness. Shaded areas are cloud-free.

November and December, reaching a max­

im um  in M arch-April; a fter that, the haze 

v irtua lly  disappears. The disa:- . 'ranee of 
the haze in late spring is associated w ith  

the onset of extensive cloudiness in the 
A rc tic  (Fig. 3). Apparently the water d rop ­

lets in the stratus clouds filte r out the haze 
and clear the air.

The arctic air remains very clear all 

summer, except fo r occasional inflows o f 

smoke from  w ild  fires burning in the tu n ­

dra or in the high-latitude forests. In any 

case, the chemical po llu tion  indication dis­

appears in summer; all we find are occa­

sional bursts o f naturally occurring sub­

stances, such as w ind-blown dust, sea salt 

particles, or forest fire smoke particles.

In late w in ter the situation is very d if ­

ferent: the entire arctic basin is then filled 

w ith  pollution-derived substances.

PO LLU TIO N  COMPONENT OF 

THE ARCTIC W INTER AEROSOL

port pathways to  the Alaskan Arctic. 

Raatz, w orking on his Ph.D. dissertation, 

found that the most im portant source 

region fo r arctic haze in Alaska is the gen­

eral geographic area o f Eurasia (Fig. 4 ).4 

North American sources contribute only 

in m inor ways to  the Alaskan-sector air 

po llu tion  problem. Some o f the major 

transport pathways of po llu ­

tio n  by-products to the Alas­
kan A rc tic  are illustrated sche­

m atically in Figure 5.

The strongest indication 

tha t arctic haze is po llu tion- 

derived comes from  the high 

concentrations o f po llu tion- 

associated elements, such as 

vanadium. A  useful way of 
expressing the relative increase 

in concentration enrichment 
(or fo r that matter depletion) 

o f an element is to  compare its 
concentration w ith  that nor­

m ally found in the earth's crust. The 

strong enhancements seen in vanadium 

and manganese in the w in ter months imply 

tha t arctic haze consists o f particles from 

industrial po llu tion.

Another indicator o f po llu tion  is the 

gray coloration o f w in ter filte r samples. 

The color comes from  the presence of

The conclusion that arctic haze is main­

ly  pollution-derived can be supported by 

studies o f individual strong haze episodes 

th a t occur during w in ter in relation to the 

meteorological situation that preceeded 

the haze buildup. In this way, Wolfgang 

Raatz identified the major po llu tion  trans-

Figure 4. Map showing tha t central Eurasia 

is the most im portant source region for 

Alaska's arctic haze.4 High and low pressure 

areas are indicated.
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Figure 5. A  schematic presentation o f the major pathways o f industrial po llu tion  in to  

the Arctic.

sooty, unburned carbon, an element likely 

to  have originated from  man-made com­

bustion processes. Perhaps the most con­

vincing evidence fo r a man-made source 

o f the haze is the high concentrations of 

sulfate in the haze that always occur simul­

taneously w ith  the pollu tion tracers. Sul­

fate accounts fo r more than one-half o f 

the mass o f atmospheric particles over 

Barrow (Fig. 6). By considering the trans­

port and evolution o f sulfate aerosol, Rahn 

and McCaffrey have found tha t the major­

ity  o f it  is like ly  to  come from  conversion 

o f gaseous sulfur dioxide to  particles.5 The 

major source o f this is SO; is from  m id la ti­

tude po llu tion !

WHY IS THE ARCTIC POLLUTED?

The concentration of haze and gases 

such as sulfur dioxide in the A ntarctic  is 

about a tenth o f that found in the A rctic. 

This is not surprising if  the hv esis is 

true that arctic haze comes from  inoustrial 

activ ity, fo r 90 percent o f the w orld 's in ­

dustrialization is concentrated in the 

northern hemisphere. Strong convective 

storms in the Intertropical Convergence 

Zone near the equatoi . irevent most north ­

ern pollutants from  passing in to  the south­

ern hemisphere.

The arctic regions in general, and espe­

cially the Alaskan A rc tic  regions, are dis­

tant from  air po llu tion  sources. W ithin the 

northern hemisphere the atmospheric c ir­

culation patterns that transport pollutants 

north-south are less effic ient in summer 

than in w inter, In summer the east-west 

a irflow  effectively cuts o ff the arctic re­

gions from  the lower latitudes; this is a 

major reason fo r the low summer po llu tion 

at places such as Barrow. In summer the 

arctic air is almost as clean as the antarctic 

air. In w inter, as we have mentioned, the 

arctic atmosphere becomes d irty .

There are three reasons w hy arctic haze 

is most pronounced in w inter: (1) increased 

w inter emissions o f pollutants, (2) more 

rapid and e ffic ient poleward transport by 

meteorological systems in w in ter, and (3) 

longer residence times o f the haze particles 

in the atmosphere. The th ird  reason is 

based on the fact that clouds and precipita­

tion are quite efficient at removing ("scav­

enging") po llu tion  particles from  the 
atmosphere, and both clouds and precipi­
ta tion are less prevalent in the A rc tic  du r­

ing w inter than they are in summer(Fig. 3).

I t  also probably is true that particle 

removal rates decline substantially in w in ­
ter due to  the high convective stab ility  of 

arctic air. A rc tic  air is analogous to  the 

stable cold air which sinks down to the 

bo ttom  o f a deep-freeze chest. Because 

stab ility  lim its the strength and number 

o f turbu lent eddies, it  takes longer fo r par­

ticles to  be removed by being carried close 

to  and catching on or diffusing onto the 

surface.

RESEARCH ON THE SOURCES 
OF ARCTIC HAZE

E fforts  are being made to trace the 

origins and pathways o f arctic haze and 

to  pin down the source regions in more 

detail. Ly observation alone, it is easy to

eliminate eastern Asia as a major source 

o f A rctic  aerosol: the air from  the Pacific 

pathway is the cleanest observed, because 

o f the extensive storminess along the route. 

L ikely source regions were early on sus­

pected to be eastern N orth America and 
Europe, including the western USSR.

Raatz4 analyzed synoptic weather pat­

terns occurring during and before episodes 

o f arctic haze at Barrow. By using an ite r­

ative "c losure" approach, he was able to  

demonstrate that most strong episodes of 

haze in the Alaskan A rc tic  are preceeded 

by surges o f northward-flow ing air over 

polluted areas in eastern N orth America, 

Europe and the Soviet Union. The po l­

lution-laden air travels in characteristic 

large-scale anticyclonic air circulation 

patterns.
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BARROW, ALASKA

Figure 6. Seasonal variation o l po llu tion- 

derived sulfate and vanadium, Barrow, 

Alaska.

having been formed from  the conversion 

o f trace gases, especially by the oxidation 

o f sulfur gases.5 The models indicate that 

the transit tim e to the A rc tic  is about 10 

days. Thus it  appears that arctic haze is 

caused by particles and gases injected from 

the lower latitudes. Both Rahn and Raatz 

deduced that central Eurasia is the primary 

source region fo r arctic haze in Alaska 
during m idw inter, whereas European 

sources become more predom inant in 

spring. North American sources are fa irly  
m inor, contributing perhaps one-fifth  of 

the arctic haze in Alaska.7

SIG NIFICANCE OF A IR  POLLUTION 

AEROSOL IN THE ARCTIC

The average size o f particles making up 

arctic haze is around half a micrometer, a 
size comparable to  the wavelength o f vis­

ible light (Fig. 7). Particles such as these 

interact strongly w ith  sunlight and redis­

tribu te  the radiation fluxes in the atmos­

phere and at the surface. I n addition, radia­

tive interactions occur between the par­

ticles and the infrared terrestrial (heat) 

radiative fluxes in w inter, when the sun is 

down. What, if any, effect does the red is tri­

bution of radiant energy have on climate? 

U nfortunate ly a complete answer is not 

yet available.

Preliminary calculations indicate that 

in springtime the haze introduces slight 

cooling atthe surface anda relatively strong 

heating w ith in  the haze layer itself. In 

w inter, the haze w ould warm the lower 
layers o f the atmosphere and the surface.9 
The response o f weather, and u ltim ately 
climate, to  such forced cooling and heating 

is d iffic u lt to  predict because of com plicat­
ing positive and negative feedback mechan­

isms. For example, the cooling near the 

surface and the heating a lo ft alters the 

dynam ic stability o f the atmosphere and 

introduces air subsidence which could 

affect cloudiness. The haze may also affect 

the nucleation properties o f the arctic a t­

mosphere and through this mechanism 

change cloudiness and precipitation. Very 

litt le  is known about the extent o f these 

effects.

|-H976--f -1977- -1978-

R3hn,6'7 on the other hand, investigated 

the use o f chemical signatures in air sam­

ples collected in the A rctic. Characteristic 

signatures o f certain trace elements present 

in the aerosol component o f arctic haze 

seem to relate to  specific, albeit large, geo­

graphical regions in which the po llu tion 

aerosol was injected in itia lly  in to  the at­

mosphere. An example is the ratio  o f 

"non-crusta l" manganese to  vanadium 

which varies fo r source regions in the east­

ern U.S., in Europe, Eastern Europe and 

the Soviet Union. Part o f the reason fo r 

the variation pertains to  the abundances 

o f elements present in fuels. Another factor 

may be sociological in nature, reflecting 

the variations in the air po llu tion  controls 

in the d iffe ren t countries, the relative ratio 

o f coal to  oil burned, the number o f auto­

mobiles, etc. The central region of the

Soviet Union, fo r instance, is a coal-based 

society w ith  a heavy steel-processing in ­
dustry and, apparently, considerable air 

p o llu tio n .3 The region isa heavy producer, 
relatively speaking, of submicron particles 

containing Mn, whereas V is a common 
submicron aerosol found in effluents from  
industrial sources burning fuel oils. Since 
the United States is an oil-based society, 
the M n/V  ratio is larger in po llu tion b y ­

products from  the Soviet Union than it  is 

from  the United States. The example 

shows the principle on which characteristic 

chemical patterns can be used to  deduce 

relative strengths and source regions o f 

po llu tion  flow ing to  the A rctic.

From analytical models o f the transport 

o f material from  m idlatitudes to  the A rc­

tic , it  has been learned that arctic haze 

particles are mainly secondary products,
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Figure 7. Electron microscope photograph 

o f arctic haze particles collected at Barrow, 

Alaska. Most of the particles contain 

sulfur. They have been overcoatcd w ith  a 

th in  layer of barium monoxide so they 

can be photographed more clearly; the 

electron beam illum inating the sample 

casts slant shadows. (Photograph courtesy 

o f Dr. E.K. Bigg.)

A rc tic  haze particles w ill deposit on the 

surface, though in relatively low  concen­

trations, and the environmental con e- 

quences of deposited acidity, sulfate, n i­

trate, heavy metals and organic substances 

on the pack ice and tundra are not yet 

known.

The most significant result o f studies 
o f arctic haze is the recognition that huge 

areas o f the w orld are being affected by 

po llu tion  aerosols and gases. On a m onthly 

basis, the A rc tic  and Euro-Asian subarctic 

are all nearly equally polluted by sulfate 

aerosol, at least in w inter. Clearly arctic 

haze is a m ultinational, even a m ulticon­

tinental phenomenon. Future research 

should clarify many questions about arctic 

haze that are presently unanswered.
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PREFACE

As prescribed in the Clean Air Act (CAA) of 1970, the U.S. EPA established 
National Ambient Air Quality Standards (NAAQS) for protection of the public's 
health from carbon monoxide in a ir  external to buildings to which the public 
has access. In a number of c it ie s  nationwide, including Anchorage, these 
standards have not yet been attained. Plans to achieve the standards are 
required under the CA/. Amendments of 1977. It  i s  hoped that the material 
presented herein w ill a ss is t  in achieving progress towards the protection of 
the public's health through the attainment of these standards.
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ABSTRACT

Typically, levels of ambient carbon monoxide (CO) vary widely among the four 
existing permanent monitoring sites distributed throughout the c ity  of 
Anchorage. An ambient a ir  sampling program was designed and implemented to 
c la r ify  and define, i f  possible, the relationship of carbon monoxide (CO) 
levels reported from these permanent s ites and levels occurring elsewhere in 
the c ity .  Integrated bag sampling was conducted on weekdays at approximately 
50 sites during the interval spanning November 22, 1982 and February 11,
1983. Samples collected from each s ite  were analyzed by the non-dispersive 
infrared (NDIR) method. Comparisons were then made between data arising from 
the study s ites and the four permanent monitoring s ite s .  A comprehensive 
quality assurance program was developed and ordered to the study to ensure the 
collection of data that were of known and appropriate accuracy, precision, 
representativeness, comparability and completeness.

In largely fu lf i l l in g  the purpose of the study, the primary conclusions 
arising from analysis of the study data were twofold: 1) The permanent 
monitoring network does not adequately characterize either the absolute 
magnitude of CO levels or the frequency of standards exceedances encountered 
at an array of locations elsewhere in the study area, and 2) The basic or 
irrmediate representativeness of each permanent monitoring s ite  has largely 
been established.
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INTRODUCTION

Since the onset of ambient a ir  monitoring in 1974, a carbon monoxide (CO) 
problem has been identified with the c ity  of Anchorage, Alaska. Violations of 
the standard* established by EPA for the protection of the public's health 
from ambient CO levels have been routinely recorded at each of the four 
permanent monitoring s ites currently operated in Anchorage. It  i s  estimated 
that some 90 percent of a l l  the emissions of this co lorless , odorless, and 
tasteless pollutant in Anchorage are d irectly  attributable to motor i’Sliicle  
exhaust. The persistence and severity of this problem have aroused and 
garnered the active concern of the general public, automobile industry and 
v irtua lly  a ll  levels of government, local to federal.

Additional information relative  to the magnitude and spatial distribution of 
this problem was sought to define the relationships between CO levels measured 
at the permanent s ites  and concentrations elsewhere throughout Anchorage. 
Accurate knowledge of this kind is  c r i t ic a l  in preparing an effective and 
comprehensive abatement strategy insofar as the interpretation of the ambient 
record bears heavily on the nature, scope and degree of control required.

The three entit ies with jurisd ictional interest in the issue, the Municipality 
of Anchorage(MOA), the Alaska Department of Environmental Conservation (ADEC) 
and the U. S. Environmental Protection Agency (EPA) conceived and conducted a 
sampling study towards resolving the representativeness of the permanent 
monitoring network. This report presents the major results and conclusions 
from that study.

STUDY PURPOSE AND OBJECTIVES

The express purpose of the study was to examine and establish, i f  possible, 
the representativeness of each s ite  in Anchorage's permanent CO monitoring 
network in characterizing the magnitude, spatia l, and temporal aspects of the 
c ity 's  CO problem. The immediate u t i l i t y  of the information arising from the 
study would be twofold. I t  would a ss is t  in establishing a credible technical 
basis for the derivation of a design value for the c ity .  This is  the value to 
which the ultimate control strategy would be targeted for reduction of ambient 
CO to levels in compliance with EPA's standard. And i t  would serve in the 
selection of the permanent monitoring s ite (s )  against which the effectiveness 
of the ultimate control strategy would be subsequently indexed.

Exp lic it  objectives were developed to ensure that this purpose was fu lf i l le d  
within the context of intervening time and resource constraints. Particular  
emphasis was given to the representativeness of the "7th and C", "Spenard", 
and "Garden" oermanent CO s ites  in recognition of their relative  importance in 
completing study aims. Another primary study objective was to provide for the 
retrieval of data possessing both high and demonstrable quality and 
s t a t is t ic a l ly  adequate quantity through application of a comprehensive and 
rigorous quality assurance Drogram.

* The National Ambient Air Quality Standard (NAAQS) for CO is  " . . .1 0  
milligrams per cubic meter (9 p.p.m.) - maximum 8 -hour concentration not to be 
exceeded more than once per year." (40 CFR Part 50)
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STUDY DESIGN

Prior to the onset of actual sampling, a monitoring plan was developed to 
integrate and implement the various study objectives. The plan was designed 
to encompass three largelv d istinct functional components: s it ing , sampling 
and data analyses. These respective functions represented the three basic- 
phases through which the study progressed. What follows is  a brief 
description of each of these phases characterizing the study. It  should be 
noted that a more exhaustive treatment of the siting and sampling functions 
may be found in two support documents: "Anchorage Carbon Monoxide Monitoring
Plan 1982-1983" and the "Quality Assurance Plan for 1982-1983 Anchorage CO 
Study".

SITING METHODOLOGY

This particular study was unique in that i t  incorporated intensive and 
simultaneous sampling from the three spatial scales of representativeness most 
often emphasized in comprehensive CO monitoring programs: micro- (u d  to 100

meters), middle- (100 to 500 meters) and neighborhood- (.5 to 4 kilometers) 
spati'al scales. Concurrent monitoring in each of these spatial scales 
provided a profile of CO impacts experienced in the urban core, along major 
tra ff ic  f a c i l i t ie s ,  and residential neighborhoods. *

Two terms are used here to discuss the concept of representativeness:

1) “Homogenous representativeness" is  used in reference to the ai**mass 
over which the concentration of a pollutant is  considered uniform.

2) "Analagous representativeness " is  used in reference to two or more 
non-adjoining areas of homogenous representativeness sharing essentially  
identical pollutant concentration characteristies

There were two principal methods employed in designing the bulk of the study 
network located in Figure 1. The hot-spot approach, applied primarily to the 
design of the central business d is t r ic t  (CBD) portion of the network and 
depicted in Figure 2 and Table 1, focused on the issue of analogous 
representativeness, while the grid technique used to configure the "Garden' 
(Figure 4 and Table 3) and "Sand Lake" (Figure 5 and Table &■) portions of the 
network emphasized homogenous representativeness. The "Corridor" network 
portrayed in Figure 3 and Table 2 was designed using both techniques.

Corollary, but largely subordinate study interests also intervened in the 
design exercise, and will be identified and discussed throughout the narrative 
that follows.

Hot-Spot Screening Technique

Generally, attempts to model absolute concentrations of CO over areas of small 
dimensions (up to 100 meters) and high emission density have met with l i t t l e  
consistent success. Therefore, as in previous Region 10 CO studies, the 
screening model found in EPA's Carbon Monoxide Hot-Soot Guidelines (EPA 
450/3-78-035) was used to identify s ite s  of potentially high, NAAOS 
threatening CO concentrations and to subsequently configure an effective  
microscale sampling network for measuring maximum CO concentrations.
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LOCATION OF SAMPLING SITES 
CENTRAL BUSINESS DISTRICT NETWORK

ANCHORAGE CARBON MONOXIDE STUDY
11/22/82 TO 2/11/83
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Anchorage CO Study
November 20, 1982 - February 11, 1983

Site Identification
Central Business D istr ic t  Network

Table 1

Si te Group* Adjacent
Street

Cross
Street

Side 
of St

Type of 
Sampl er

Spatial 
Seal e

1 1 5th Ave E/0 L N Integrated Micro
2 2 I St S/0 5th Ave W II il

3 2 5th Ave W/0 G St S il il

4 2 6 th Ave E/0 G St N II il

5 1 6 th Ave W/0 E St S II il

8 1 E St M/0 6 th Ave w II il

7 1 6 th Ave W/0 D St M il il

8 1 5th Ave W/0 C St S II •I

g** 1 C St S/0 6 th Ave E H ll

10** M/A C St S/0 6 th Ave E il il

] 1 * * * 1 C St S/0 6 th Ave E II Middle
12 1 A St S/0 5th Ave W ti Micro
13 1 5th Ave E/0 C St s ll it

14 2 5th Ave E/0 D St s 11 il

15 1 5th Ave E/0 E St s ' il il

15 2 5th Ave E/0 E St VI
ri

II il

17 2 4th Ave W/0 C St s il il

18 1 3rd Ave W/0 E St s II ll

19 1 5th Ave E/0 Gambell St s II H
20 1 F St M/0 2nd Ave E ll Meighborhood
31 2 5th Ave E/0 I St S II Mi cro
34 2 4th Ave W/0 C St N ll il

35 2 L St N/0 9th St W (1 II

Permanent Si te

7th 4 C M/A C St S/O 6 th Ave E Continuous Mi ddle

* - Group 1 s ites were sampled a nominal 54 days.
Group 2 s ites were samoled a noni nal 30 days.

** - Collocated

*** - Collocated with permanent site



LOCATION OF SAMPLING SITES 
CORRIDOR NETWORK

ANCHORAGE CARBON MONOXIDE STUDY
11/22/82 TO 2/11/83
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Anchorage CO Study
November 22, 1982 - February 11, 1983

Site Identification  
Corridor Network

Table 2

Si te Group* Adjacent
Street

Cross
Street

Si de of 
Street

Type of 
SamDler

Spatial 
Seal e

21 1 Seward M/0 Northern Lights W Integrated Mi cro
2 ? 2 Tudor W/0 Lake Otis M ll il
23 2 Tudor E/0 C St N ll il
24 1 Spenard W/0 Minnesota S ll il

1 3enson W/0 Spenard S •l il
2 o 1 Benson W/0 C St s

ll il
27 1 Arctic S/0 Northern Li ghts w

il il

201 M/A Address: 1101 30th Ave M/A Sequential Mid/Neigh
202 N/A Address: 3002 Spenard Road M/A ll il
203 M/A Address: 900 W 25th M/A II il
204 M/A Address: 1411 W 33rd M/A ll ll
38 M/A Address: 1807 Mckinlev M/A II il

Permanent Si te

Spenard/Be.nson Benson W/0 Spenard S Conti nuous Micro

* - Croup 1 sites were sampled a nominal 54 days.
Group 2 sites were sampled a nominal 30 days.

** - Collocated with permanent site



LOCATION OF SAMPLING SITES 
GARDEN NETWORK

ANCHORAGE CARBON MONOXIDE STUDY
11/22/82 TO 2/11/83
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Table 3

Anchorage CO Study
November 22, 1982 - February 11, 1983

Site Identification  
Garden Network

Si te Adjacent
Street

Cross
Street

Side of 
Street

Type of 
Sampler

Spatial 
Seal e

101 E 15th St W/0 Alder N/A Sequential Neighborhood
102 A1 der S/0 E 20th St W ll il
103 Rosemary S/0 E 15th St W il il
104 E 20th St W/0 Nichols s II il
105* E 16th E/0 Garden s il il

Permanent Si te

Garden. 16th St E/0 Garden s Continuous II

* - Collocated with permanent site
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LOCATION OF SAMPLING SITES 
SAND LAKE NETWORK

ANCHORAGE CARBON MONOXIDE STUDY
11/22/82 TO 2/11/83
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Table 4.

4nchorage CO Study
November 22, 1932 - February 11, 1933

Site Identification  
Sand Lake Network

Site Adjacent Cross
Street Street

Side of 
Street

Type of 
Samp! er

Spatial
Scale

28 W. 64th St W/0 Cranberry St
29 Cranberry St N/0 W. 71st St
30 Caravelle Dr W/0 Crawford St

Permanent Site

SL* Raspberry Rd W/0 Cranberry St

N
E
S

Integrated Neighborhood

Continuous Neiahborhood

* - Sand Lake

- 11 -



This screeni-ng model is predicated on an extensive array of relative! / severe 

underlying assumptions (low amoient tenoerature and win'd speed, ‘ileal" 

receptor location, vehicle composition, etc.). When considered collective!/, 

these assumptions compose a conservative or worst-case scenario for the 

inducement of CO exceedance potential at subject intersections. M odel output 
is simply in terms of whetrer an intersection exhibits hot-soot potential.

The model does not characterize the nature of this ootential with respect to 
either absolute magnitude or projected frequency of standard exceedance.

The number of intersections identified by the model as ootential CO hot-spots 

far exceeded the number of samplers available to the study. Therefore, each 
intersection identified to possess potential subsequently underwent a 

second-tier evaluation towards ranking the entire candidate pool with resoect 

to the adjusted strength of potential. Heavily reliant on previous sampling 
experience, several factors were subjectively weighted relative to their 

aggregate contribution to CO concentrations at each intersection, finally, 

intersections from this ranked listing were considered against the l o g i s f’cal 

limitations posed by both the sampling methodology and the spatial 
distribution of candidate sites.

Each of these samolers was sited in conformance with EPA's siting crite**’a ~or 

monitoring maximum concentrations of CO in a micro spatial scale (40-CFR D art 
53, Appendix E).

Grid Design Technique

The grid design technique is a relatively straightforward method o f 
establishing both the homogenous and analogous aspects of pollutant 

concentrations throughout an airmass. This technique is particularly 

applicable to the design of a sampling network emohasizing the middle- a m  

neighborhood- spatial scales of representativeness of existing p e m a n e m  
monitoring sites.

The technique used here involved designing a grid of samplers at sites both 

equidistant from the permanent monitor and each other and in basically 

comparable physical environments. The dimension of the circunscribing '■adius 
was arbitrary. The dimension(s) selected for this study coincided as nearlv 

as possible with the increments EPA uses in defininn middle- and m*'ghnorhood- 

scales of representativeness: 100 meters to .5 kilometers and .5 kilometers
to 4 kilometers respectively (40 CFR 53, Appendix 0). Once the general 

sampling location had been determined, other pertinent factors were considerec 

in the selection of individual prospective sites towards ennanci'-g •'"ter-;'-a 

conparabili ty.

Each of these samplers was sited to conform to EPA's siting criteria ror 

sampling in a neighborhood spatial scale (40 CFR Part 53, Appendix E). Cue to 

design peculiarities, probe inlet height for the sequential samplers was 

approximately two (2) meters lower than the lower limit prescribed by the 

siting criteria. However, since these sites were sufficiently remove* •-bn 
roadways, this slight probe inconsistency is not thought to V,ave a* rectec t~e 

data to any discernible extent.

- 12 -



SAMPLING METHODOLOGY

This function was itself conoosed of several individual elements including: 

selection of study and sampling intervals, selection of sampling methods,"an^ 
quality assurance.

Selection of Study and Sanplinq.Intervals

Ambient CO levels are typically cyclic in nature, revolving through several 

temporal scales simultaneously, from diurnal to seasonal in duration. In 

order to optimize the probability of sampling the phenomenon of interest, i.e. 

high CO concentrations and thereby realize the m ost effective utilization of 

resources, a pre-study analysis was performed to determine the seasonal and 

daily intervals most frequently characterized by m axim um CO potential. This 

was accomplished through a historical review of the data reported from each of 

the four permanent CO sites in Anchorage during the four previous winter 

seasons. The results of the review are summarized in Table 5.

TABLE 5 Results of Pre-Study Data Analyses

Permanent CO Site

Months of Greatest 5 Consecuti /e 

Exceedance Fre- Days of Greatest 

quency (Decreasing Exceedance

Order)_________  Frequency

7th and C Oec, Jan, Nov, Feb Monday-Friday

Spenard and Benson Dec, Jan, Nov, Feb Monday-Friday

Garden Dec, Jan, Nov, Feb Monday-Friday
Sand Lake Dec, Jan, Nov, Feb Monday-Friday

Daily B-hou** or 

16-Hour Interval* of 

Greatest Exceedance 

Frequency___________

1 1 :0O a.m. - 7:00 p.m. 

11:00 a.m. - 7:00 p.m. 

9:00 a.m. - 1:00 a.m. 
N/A

* - Duration nf subject interval corresponds to type of sampler used in 

conjunction with permanent site.

In retrospect, all sampling intervals selected for these sub-networks were 
largely validated by subsequent sampling data.

Selection of Sampling Methods

Sampling methods were selected which retrieved the types of information that 

most effectively responded to the study objectives. This, while satisfying a 

ni< of other selection criteria including: direct and indirect rosnurc0 
consumption per data unit, physical and performance specifications, etc.

Two basic types of samplers were employed to collect ambient CO samples: 

single bag samplers and multiple, consecutive sequencing bag samplers, 

hereinafter referred to as integrated and sequential samplers respectively. 

Both samplers operate on the integrated principal where an ambient sample is 

pumped at a constant rate over the time interval of interest. All ban samples 

were analyzed via the NDIR (non-dispersive infra-red) m e tho d* to yield the 

"average" ambient CO concentration over the subject interval.

* - EPA-designated reference method: Beckman Model 865 CO Analyzer
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The •integrated samplers, deployed extensively in the C3D and ~ o - d o p o r t ' d  

of the study network, were used to collect two consecutive four-hour 'averag 

samples each study day. "he resultant concentrations were tren averaaed to 

construct an eight-hour average concentration of CO for comparison against t 

e ’ght-hour NAAQS. "Hiree of these samplers were modified to collect a single 

eight-hour oag sample and deployed in the grid about the Sand Lake permanent 
moni tor.

The sequential samolers were located throughout the study network, hut 

primarily in the Spenard and Garden grid networks where a discrete hourly 

profile was desired tor comparison with the focal permanent si t *3 and other 

sites in the grid. These samplers collected 16 consecutive samples allowing 

for the construction of up to as many as eiqht overlapping 3-hour intervals" 

each study day for comparison against each other and the standard.

Traffic and meteorological data were also collected o v e r  the t e r m  n f  pne 

study. While these data are of particularly critical significance to c,;t'jro 
analyses of the data, they will not he included in this '-eoort.

Quality Assurance

A comprehensive and ri gorous quality assurance f O A ) program was develon‘3c, 
documented, and implemented to ensure that study data were of k n o w n  a n o  

aoprooriate quality, completeness, comparability, and reoresentativen°ss. 

This program provided for routine measures of accuracy and p r e c i s i o n  - p r  
sampling, analytical, and data reduction functions.

The quality of all meteorological and traffic count data are largely jn<*ion 

due to the lack of direct control of the data generation operation. "■’e 

quality is believed to be sufficient for the ultimate intended purpose o r' c  
data.

DATA ANALYSES

Several methods exist by which to analyte and compare oata f-om the study 

sites and the permanent monitors. Two basic approaches are presented n t"' 
report to examine the representativeness of the permanent sites, "he “i^st 

approach compares data on a day-to-day basis. Because the stu^v s*tes ve^e 
sampled for a single eight- or sixteen-hour period each day, data f-cn t"a 

permanent monitors for the identical interval were cnosen Ccr pijrposas ’* 

temporal congruity.

The second approach compares data from the entire study interval, ronardless 

of whether the compared data occurred on the same day. This method of 

analysis lends itself to examining larger oatterns and frequencies o* T" 

levels throughout the term of the study while smoothing the daily inter-s-te 

variability which can occur especially as a result pf -iet?oro1 P" ':a 1 * —  acts

The results of the analyses presented here reflect the most si an1 ■■:a^~ 
results and conclusions stemming from a more extensive treatment. 3 e c 2-.se * 

time constraints, this expanded treatment of study data will not oe ::-?-'e: 

into a single report document until some later date.



LIMITATIONS

Even well-designed studies of this nature are subject to uncertainties of 

which both researcher and reader alike should be cognizant. These 

qualifications do not necessarily impair the validity of the study results, 

but rather fran.es their present and future application and interpretation 

within the context of appropriate caution. The following uncertainties 

have been identified with this study:

1) The study spanned only a single CO "season". There is a possibility, 

albeit remote, that the variety of conditions influencing CO levels 

(traffic, economic, construction, meteorological, etc.) combined to create 

a situation grossly anomalous with respect to both previous and succeeding 
seasons.

Comment: In a general sense, this situation is not thought to have

occurred here. Cursory inspection of the two factors to which CO levels 

are particularly sensitive, traffic volumes and certain meteorological 

parameters, indicate basic conformity to conditions characterizing 

previous seasons. However, future construction activities and traffic 

revisions may impair the long-term utility of site-specific study data by 

the degree of their cumulative effect on CO levels.

2) Study sampling data was collected daily for discrete eight- or 

sixteen-hour periods. Just inter-site relationships may exhibit some 

degree of daily variability when data are compared for concurrent perious, 

these relationships may also vary during oeriods within a day for which 

comparable study data are largely lacking.

Comment: The pre-study analyses conducted to determine optimum sampling

intervals w ere validated by data actually collected during the study.

While these intervals, particularly the eight-hour, may not have wholly 

accounted for any or all of this potential temporal variability, the study 

data strongly reflect the intervals most frequently exhibiting the daily 

maxi mum  concentrations as measured by the focal permanent sites. The 

glaring exception to this is found at the Sand Lake network which enjoyed 

a more limited study treatment and where the pre-study analysis was 

largely ignored for logistical reasons.

3) As referenced previously, the number of intersections identified as 

possessing CO potential in the pre-study siting exercise f?" outstripped 

the number of available samplers. Because of resource and .ogistical 

considerations, many of the intersections rated at higher potential were 
passed over for lower rated ones.

Comment: When reviewing the study results, the reader should note that 

data for that portion of the network sited to retrieve maximum 

concentrations in no way reflects all areas in Anchorage thought to 

possess CO potential. Additionally, the reader should be cautioned not to 

interpret the proportion of relatively higher impact sites to lower impact 

sites in the data displays as necessarily characteristic of the severity 

of CO levels occurring throughout the study area.
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•i) There '.vere some uncertainties associated with the siting of ’’ndi vi dual 
microscale samplers for measuring maximum concentrations. Because CO can 

be a highly localized phenomemon, especially when considered over micro 

spatial scales, there is a relatively low theoretical probability of 

selecting the particular leg and then the particular side of the leg o : an 

intersection at wnich the maximum concentration most frequently occurs.

Conment: It is possible there are other locations at or near subject

intersections that experience consistently higher CO levels than those 

measured at the study site. Previous experience in evaluating site 

specific features enhances the probability of proper selection. However, 

this too is often counterbalanced by difficulties in siting oDDortunity 
and/or logistics. On balance then, the data presented herein should not 

he interpreted to necessarily represent the maximum CO concentrations 
occurring at any particular intersection. Therefore, caution should be 

exercised when drawing inter-site and MAAOS comparisons.

5) The study data were generated by ambient air quality sampling methods 

which are not approved hy EPA for use as the primary basis, for either 
NAAQS attainment/nonattainment d e t e r m i na ti o n s‘or the definitive 

demonstration of control strategy effectiveness.

Conment: There are uncertainties associated with virtually all methods

employed to monitor ambient pollutants, EPA-approved or not. While t* 0 
methods chosen for this study are subject to relatively greater 

variability in orecision and accuracy than the EPa-anproved methods 
located at the permanent sites in Anchorage, soecial measures were take" 

towards defining and minimizing it. As discussed later, these measc-es 

were really quite successful in yielding a data base of rougnly comparable 

quality to that generated by the oermanent network.

5) Gaps in the data record for each study site can inoair inter-s'te 

comparisons in that data from certain sites may not reflect phenomena o* 
interest which were measured successfully at other sites.

C o m e n t :  This is a real oroblem which we hoped to minimize hy s am ni ;nj

over a long interval. What is particu’irlv troublesome in relatively 

short-term studies of this kind is that the inter-site m l a t i o n s h i o s  tn i: 

are generally well-described by regression analysis for instance may -c*. 

be so well defined for some relatively isolated but nevertheless i'"cort a ,,c 
features of interest, such as maximum concentrations. Because of tH's. 

gaps in the data record can be critical. U nfo rtu nat ely , the octu"''e',':e '* 
at least some gaps are unavoidable (refer to Table 13 for data capture 

rates for each site). Every effort was made to minimize the number :* 
these gaps while preserving the fundamental integrity of the data base. 

Additionally, analysis involving direct comparisons hetween sites were 
performed, where possible, using data bases reflecting only concurrently 

samnled da ta.
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CONCLUSIONS

The major conclusions relative to the primary study ourpose are as "ollows:

1) Carbon monoxide levels at a number of sites throughout the study area 

exceeded the standard with greater frequency and were of consistently 

higher magnitude than the sites in the permanent m onitoring network "for 

the period of study. The general consensus among the study principals 

(MOA, ADEC,and EPA) is that this situation is duplicated wit hin  a range at

an array of other locations throughout the Municipality.

2) When considered in aggregate, the permanent monitor ing  network 

frequently exhibited sub-exceedance values when one or more study sites 
elsewhere in the study area reported standards exceedances.

3) The most severe CO impacts in terms of both m agnitude and frequency, 

were exhibited by microscale sites on larger traffic facilities or 

corridors. . . . .

4) There was typically wide v ariability in the CO levels between sone 

locations throughout the study area for corresponding intervals. On a 

number of occasions when one or more micro sca le study sites m eas ure d 

concentrations exceeding the standard, sub-exceedance values were being 

measured at other microscale and neighborhood sites.

5) While only certain combinations of study sites from the mi cro sc al e  

network were w ell-correlated when c onsidered on a date-paired 

(simultaneous) basis, all of these sites, including those c ol loc ate d with 

the permanent sites were ext remely well-c orr ela ted  with each other on a 

rank-paired (season-long) basis.

6 ) The 7th & C permanent site was relatively representative of the lower 

level microscale sites and may be at or below levels mea sured at the 

neighborhood sites.

7) While the Spenard & Benson permanent site was often representative of 

study sites reporting CO levels in the mid to upper range (but not tne 

highest range) on a study-long basis, it was not very successful in 

characterizing levels at o the r individual study sites on a daily basis. 

This site is also properly designated as a microscale site, although it 

may have definite utility in characterizing levels in adjoining 

(homogenous reoresentativeness) and nearby but non-adjoining (analogous 
representativeness) neighborhoods with an appropriate corre cti on f a cto 1".

3) The Garden permanent site was not unduly influenced by a single and/or 

immediate CO source, and generally characterized CO levels throughout the 

adjoining Garden neighborhood grid (homogenous r ep re s e n t a t i v e n e s s ) . It 

may experience CO levels somewhat elevated over other areas in the Garden 

grid by virtue of its central location in the emission grid.

9) The Sand Lake oennanent site generally characterized CO levels in both 

the adjoining (homogenous representativeness) and nearbv but non-adjoining

(analogous representativeness) neighborhoods.
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RESULTS AMO DISCUSSION

Sanoles collected during virtually identical periods over a large array of 

sites affords a characterization of CO distribution over a relatively wide 

area. Data were analyzed for (1) the relative magnitude of CO concentrat'c^s 

reported at various sites throughout Anchorage and (2) any suggested patterns 

of ambient levels. Direct comparisons were made with data arising from the 

permanent monitors. Comparisons were also made in the form of ratios a m  

regression/correlation analyses. Since at most study sites either two A -n o u” 

or 16 hourly samples were collected daily, some measure of temporal 

variability was also subject to comparative evaluation.

Summary statistics are primarily depicted in the form of tables and box-olots 

or box-plot/base map combinations which enable a visualization of the spatial 
and temporal distribution of values for the statistics of interest, "he 

box-plots portray the distribution of subject data as follows: maximu"1 v a’ue, 
9th decile, 3rd quartile, mean, median (2nd quartile), 1st quartile, 1st 

decile, minimum value. The treatment of eight-hour averaoe data also ’nciuoes 
the number of instances when the standard was exceeded and, when individual 

sites are considered, the second highest value to which the standard is 
indexed.

The tables and box-pl ots do not depict data from all sites at which samnl*'ng 

was conducted. Sites which were sampled either over a very short term or - 3  
fulfill relatively minor study objectives were not included.

Finally, the various major analysis sections may not contain identical s'ates 

of parameters that underwent analytical consideration. Parameters were c ^ose0 
that best reflected the critical emphasis of the study.

MICROSCALE STUDY NETWORK: C3D AMD CORRIDOR SITES

This first section discusses the results from that portion of the study 

network sited primarily to retrieve maximum CO cone ntrations in a mi _ ; 

spatial scale. The microscale network was conoose:, of two ratner d i s v n c t  

sub-networks, one located within the general boundaries of the Ancnorage's 

and the other adjacent to outl/irg (the C 3 n ) traffic corridors. While 

virtually all of these microscale sites were identical with resoect to 

physical probe siting characteri sties (i.e. distance to: nearest traf^'o ’ a-e, 
nearest intersection, obstructions, ground, etc.), there are several bas': 

features that distinguish the CBO network from the Corridor n e t w o r k : 1 
C3D generally has a higher density of streets with 's i i n if ic an t ' t ra**:; 

volumes, 2) Several CBD sites were located on streets o r d e r e d  on ore r  •oc- 

sides by one-story or hinher buildings whereas all of the Corridor sites //ere 

located in relatively ojen, well-ventilated areas, and 31 Streets adjacent to 

and nearby the Corridor sites typically carried higher traffic volumes :"ari 

those in the CBD.

As a quality assurance measure of inter-method comoarahil -'ey, stjly s*t-s 

and 25 were collocated with the 7th A C and Soenarc o e m a n e r’t s’tes 
pesoectively. In an effort to bolster the c omoaranil’tv n f caca actui” 

undergoing analyses (with respect to variability, c o m p l et e n e s s, etc. , 

comparisons of data from study sites to the 7th J< C ano Soena,-o 3-=n s:'-
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permanent sites were actually referenced to the data record cor these 

integrated sites, hereinafter referred to as site ll/7to3C and site 25/Sbenarp 
respectively.

It was recognized from the study's outset that in order to ensure that 
sampling objectives were effectively and efficiently realized, the study 

network as originally configured would be subject to oeriodic revision as a 

function of ongoing data analysis and resource considerations. Study design 

prescribed the mag nit ude  and schedule of these network revisions hy striking a 

balance between the statistical integrity (number of cases) and ultimate 
utility of the study data.

As a result, of the 29 individual study sites evaluated in this exercise, 19 

(hereinafter referred to as Group 1 sites) were sampled a nominal 50 days. 

Group 1 consists of sites 1, 5, 5, 7, 8 , 9, 11, 12, 13, 15, 18, 19, 20, 21,

24, 25, 26, and 27. Site 10 was collocated with site 9 and was therefore 

excused from the exercise. Site 20 was the "background" Cpn site and is 
included here for purposes of contrast and comparison.

The remaining 10 sites (hereinafter referred to as .Group 2 sites).were samnled 

a nominal 30 days. Group 2 consists of sites 2, 3, 4, 14, 16, 17, 22, 23, 34, 

31, and 35. Eight sites, 2, 3, 4, 14, 16, 17, 22, and 23 were sampled during 

roughly the first half of the study. With the exception of site 17, these 

sites were discontinued because they were redundant with other sites in the 

study network and were re-sited one or more times in order to fulfill other 

short-term study objectives. Site 17 was the target of chronic vandalism and 

was subsequently moved directly across the street at mid-study and re-nunberen 

to 34. Sites 31 and 35 were the only other sites samnled during the second 

half of the study for wnich data are considered in this exercise.

Because of the disparate size and contribution of the these two grouos, Group 

2 data receives minimal treatment in this narrative.

Study-Long Network Statistics

The statistics that follow primarily reflect the characteristies of CO 

measured at each study site.

Maxi mum  Eight-Hour Averages -

Elevated concentrations of CO were measured not only in the immediate vicinity 

of the 7th & C and Spenard permanent monitors, but at other s^tes throughout 

Anchorage (see Limitations 3 and 4). Figures 6 , 7, and 8 and Tables 6 and ’ 

exhibit the maxim um eight-hour averages reported from each site during the 

study.

Group l Sites

(General Discussion)

A. Eight-hour maximums for Group l sites ranged from 6.2 oon ^sit= 

20) to 27.4 ppm (site 24).

S. Eight-hour maximums for site ll/7tnflC and site 25/Soenard

8 . 1 ppm and 1 5.1 ppm respectively.

- 19 -
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(Study/Permanent Site Comparisons)

C. Eight-hour maximums at 15 of the 17 Grouo 1 sites were 10- to

238“ higher than that for site 11 /7th-SC (9 of which were over

50" higher).

0. Eight-hour maximums at five Group 1 sites were greater than or

equal to that for site 25/Spenard (four of which were between

26% and 81% h i g h e r ) .

E. Eight-hour maximums at 11 Group 1 sites were within + 30% of

that at site 25/Spenard.

Table 5 Distribution of Maximum 8 -Hour GO Concentration From the Stu-.j, Sites

Range of Maximum

3 - HR CO (In opm)

Percentage 

of Group 1 

Within Range

Percentage 

of Group 2 

Within Range

Percentage 

of Group 1

and Group 2 Within Rang;

0 - 2.9 0% 0% 0%
3.0 - 5.9 0% 0% 0%
6.0 - 3.9 16.7% 45.5% 27.6%
9.0 - 11.9 33.3% 27.3% 31.0%

12.0 - 14.9 16.7% 18.2% 17.2%
15.0 - 17.9 1 1 .1% 9.1% 10.3%
18.0 - 20.9 16.7% 0% 10.3%
20.9 - 5.6% 0% 3.4%



Table 7 CoriDarison of Maximum 8-'-tour CO Concentrations" 
Fron Study Sites and Permanent Sites

Site Mo. 
Group 
1 Sites

Date of 
Max 3-HR 
CO Cone.

Maximum 8-HR 

CO Cone.
(ppm)_________

Ratio of Study Site 
to Si te 11**
(8.1 oom)

Ratio or Study 

Site to Site 
(15.1 oom)

1
5
6
7 
3 
9
11**

12 
13 
15 
18

19
20 
21 
24

25***
26 
27

Grouo 2 Sites

01/05/82

01/05/33
02/09/83

12/20/82
01/05/83
01/05/83
12/3/82
01/05/83
12/20/82
12/03/32
12/03/82
12/20/82
01/05/83
12/03/82
12/03/82
12/20/82
12/03/82
12/03/82

6.9
10.7 
1 1 . 6
15.1 
1 2 . 6
9.0
8. 1

10.1
12.8 
11.7 
10.5 

13.2
6 . 2

19.4
27.4 
15.1

■19.0
19.5

0.9
1.3
1.4

1.9 
1 . 6  
1 . 1  
1 . 0
1.3 
1 . 6
1.4
1.3 
1 . 6  
0.8
2.4

3.3
1.9
2.4
2.4

0.5
0.7
0.3
1.0
0.3
0 . 6
0.5
0.7

0.9
3.3 
0.7 

0.9 
0.4

1.3 
1 . 8  
1 . 0
1.3
1.3

2

3

4
14
16
17

22
23
31
34
35

01/04/83
01/05/83

12/03/82
01/05/83
12/0°/82
12/03/82
12/30/82
12/03/82
01/21/83
02/03/83
01/14/83

6 . 0
3.4 

7.3
11.5 
10.1
12.5 

13.1 
16.0
7.5

10.5 
8 . 2

0.7

0 . 8
0.9
1 . 4
1.3
1.5
1.6 
2 . 0  
0.9
1.3 
1 . 0

0.4

0 . 1
0.5
0.3
0.7
0 . 8
0.9
1.1
0.5
0.7
0.5

* - Measured during the period 11:00 a.m. to 7:00 o.m. on study sancl

days only.

** - Collocated with the 7th 3 C permanent site

*** - Collocated with the Spenard A Benson permanent site.
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Second Highest Eight-Hour Averages -

The eight-hour ‘IAAQS for CO is indexed to the second highest ei g h t - ho u’- 

average concentration of CO measured at a given site in a calen dar  year. 

Similar to maxi mum  averages, the levels of second high CO averages were also 
elevated throughout the study network. Figures 6 , 7, and 3 exhibit the second 

highest eight-hour average measured at each site during the study.

Group 1 Sites

(General Discussion)

A. Eight-hour second highs for Group 1 sites range from a .5 p m

(site 20) to 22.5 ppm (site 24).

8 . Eight-hour second highs for site ll/7thSC and site 25/Spenard

were 7.2 ppm and 14.6 ppm respectively.

{ Study/Permanent. Site Comparison)

C. Eight-hour second highs for 15 of 17 Group 1 sites were between 

13" and 213" higher than that for site 11/7thflC (11 of which 

were over 50" higher).

D. Eight-hour second highs at 5 Group 1 sites equaled or exceeded 

that for site 25/Spenard (3 of which were 34" to 70" higher).

E. Eight-hour second highs at 3 Grouo 1 sites were within 30' of

that for site 25/Spenard.



Table 3 - Comparison of 2nd Highest 3 - your CO Concentrations' 
From Study Sites and Permanent Sites

Site flo. 

Group 

1 Si tes

1
5
6
7

3
g

11**
12
13

15
13
19
20 
21 
24
2 5* **
26 .

27

Group 2

2
3

4

14

16 
17 

22  
23 

31 

34

Date of 

2nd Hi 3 - HR 

CO Cone.

2nd Hi

3 - HR CO Cone. 

(ppm) 

Ratio of Study Site 

to Si te 11**

(7.2 ppm)_____________

12/22/82

02/09/83
01/18/83

12/03/32
01/18/33

11/29/82

02/01/83

12/03/82
12/21/82

12/13/32
01/05/83

01/05/83
12/03/82

12/20/82
12/17/82

02/01/33
02/01/83

12/23/82

12/13/82
01/04/83

12/16/32
12/03/82

01/04/83
12/13/82

12/09/82

01/05/83

01/31/83

02/01/83

01/18/83

6 . 1
8. 1

11.6
13.7

10.9

3.1

7.2

9.6
11.9

11.4 

1 0 . 2
11.8
4.6

17.5
22.5 

13.1
18.6 

14.4

5.9
6 . 0
6.4

11.1
9.7
9.3 

11.7

9.3
6 . 8  

10.4

5.7

0.85

1.13
1.51 

1.90
1.51

1.13 

1.00 
1.33 
1.65 

1.5* 
1 .42 
1.54 
0.64 

2.43
3.13 

1.32 
2.58 

2.00

0.32 
0.33 

0.89 
1.54 

1.35 
1.29 

1.63 

1 .29 
0.94 
1.44 

0.79

Ratio of Studv 

Site to Site V. 

(13.1 oomi

0.47 

0.62 
0.89 

1.05 
0.83 

0.62 

0.49 

0.73 
0.91 

0.37 
0.73 
o. go

5 1 3 5
1.34

1.72

1.00
1.27

1.10

0.46 

0.49 

0.35 
0.74 

0.71 

0.99 
0.71 

0. 52 
ol 7? 
0.44

Measured during the period 11:00 a.m. to 7:00 o.m. on study sam?i''-c 
days only.

Collocated with the 7th ’< C permanent site 

Collocated with the Spenard S Benson permanent site.



Eight-Hour Means and Medians -

Measures of central tendency such as means (arithmetic averages) and medians 

(the mid-point value of data ranked by magnitude) were examined to evaluate 

aspects of the chronic nature of concentrations reported at each site. As 

there is little significant difference between the mean and median for each 

site, only the mean will be referenced here. For each site, all eight-hour 

averages reported during the study were averaged to produce the mean 

eight-hour concentration. Figures 6 , 7, and 8 exhibit eight-hour means and 
medians for each sampling site.

Group 1 Si tes

(General Discussion)

A. Means for the Group 1 sites ranged from 2.0 pom (site 20) to 

14.5 ppm (site 24).

B. Means for sites ll/7th«5C and 25/Spenard were 4.1 and 3.1 

respectively.

• (Study/Permanent Site Comparison)

C. Means for 16 Group 1 sites were 2" t O (254" greater than that for
site ll/7th<SC (10 of which were more than 50" higher).

0. Means for 5 Group 1 sites were 6" to 79" greater than that for
site 25/Spenard (3 Oi which were 27" to 79" higher).

E. Means for 4 Group 1 sites were greater than the standard while 

none of the permanent sites exhibited one.

F. Means for 8 Group 1 sites were within + 30o of that for site

25/Spenard.

Frequency of Eight-Hour NAAQS Exceedances -

There was wide variability in the number of eight-hour NAAQS exceedances 

reported from sites in the study network. The statistic chosen for evaluation

here is the simple frequency of exceedance values to all values for each

site. Figures 6 , 7, and 8 exhibit exceedance characteristies.

Group 1 Sites

(General Discussion)

A. The frequency of exceedances for the 14 Group 1 sites exhibiting

exceedances ranged from 2% (site 5) to 84" (site 24).

3. The frequency of exceedances for site ll/7th&C and site 
25/Spenard were 0" and 37" respectively.

- 27 -



(Study/Permanent Site Comparison)

C. The frequency of exceedances for 5 Grouo 1 sites were 30 to 

1 1 1 % higher than that for site 25/3oenard ( 3 of wnich w e r e  3 
to 228% hi gher).

0 . The frequency of exceedances at 12 GrouD 1 sites were “OG or 

lower than that for site 25/Spertard (5 of which measured one 

no exceedances).

Minimum Eight-Hour Averages -

Minimum values are of interest insofar as they assist in characterizing 

“background" types of concentrations. Figures 6 , 7, and 8 exhibit the min 
eight-hour averages for each site.

Group 1 Sites

(General Discussion)

A. Minimum eight-hour averages for Grouo 1 sites -anged from 1 , 

ppm (site 20) to 3.7 ppm (site 7).

3. Minimum eight-hour averages for site ll/7th&C and site

25/Spenard were 1.5 ppm and 2.3 ppm re spe ctively.

C. Minimum eight-hour averages for 2 Group 1 sites i-n th^ CA''

(s*tes o & 7) were at least 1.0 to 2.0 ppm higher than than
other Group 1 sites.

Ratios of Study to Permanent Sites

An intuitively appealing way of expressing the relationship between a p a’-'* 

sites is computing a simple ratio of the sites' values for the same l a y .  

relationship between each of the microscale sites and site 11/7 th?,c a’1- s* 

25/Spenard are exhibited in Figures 9 and 10 re soe ctively.

Group 1 Si tes

A. All but one Group 1 sites (site 20, the CBD ‘̂ a t k o r p :•*

had a mean ratio with site 11 / 7thAC greater than 1 .0 .

3. Seven of the 18 Group 1 sites had mean ratios with s ,:te
25/Spenard greater thar. or equal to 1.0.
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Daily Network Characteristics

Another facet of the data analysis examined the day-to-day characteristies of 

the study data. This kind of analysis not only provides a profile of 

"simultaneous" impacts throughout the study area, but facilitates exanininn 

patterns of CO concentrations measured at the permanent sites and elsewhere in 

the study area. Figures 11 and 12 exhibit the daily composite of 8 -hour 

concentrations reported from Group 1 study sites.

Daily M a xim um Eight-Hour Averages -

The daily m axi mum  value reported from among all sites in the study network 

illustrate the variable and chronic aspects of inter-site relationships on a 

day-specific basis. Table 9 exhibits the relationship of the daily study 

network m ax imu m to correspond!'ng site 11 / 7th&C and site 25/Spenard daily* 

values.

Group 1 Sites

(General Discussion)

A. Daily maximum eight-hour averages for Group 1 sites ranned from

6.1 ppm (12/27) to 27.4 ppm (12/3), both measured at site 24.

8 . The daily maximum ei ght-hour average was most frequently

recorded at sites 24 and 26. Site 24 was the site of the daily

m axim um on 69*; of the sample days (with 5 "ties"*), while site

26 recorded the daily m axi mum  on 24% of the sample days (with 9 

"ties").

C. The daily maximum eight-hour average was recorded at only four 

other Group 1 sites at an individual frequency of less than 7% 

of all sample days.

D. Site 11/7thAC and site 25/Soenard reported the daily maximum on

0% and 2°o ("tied" with 3 other sites) respectively over all
sample days.

* - Tied values are those within approximately + 0 . 5  pnm of each other.
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(Study/Permanent Sits Comparison)

E. The daily maximu m fron one (or more) of the Grouo 1 sites

exceeded the corresponding value from site ll/7th&C and site 

25/Spenard on all but one sanole day (1/13 when site 25/Spenard 
"tied" three other study sites at a value of 6.9 ppm).

r. The daily maximums, from one (or more) of the study sites was on
average, 285* higher than the correspond!'ng values at site 

ll/7th&C, ranging from 110“ to 650'* higher.

G. The daily maximum from one (or more) of the study sites was on
average 195“ higher than corresponding values at site 

25/Spenard, ranging from 0“ to 240“ higher.

I

1

Frequency of Oaily Eight-Hour Exceedances From the Network -

The number of e ight-hour exceedances reported by the study network on a daily 

basis provides a measure of the spatial severity of the CO situation during 
identical periods.

Group 1 Sites

(General Discussion)

4. 4n exceedance of the standard was recorded at one nr more Group 

1 sites on 85a of all sample days.

B. 4n exceedance of the standard was reported at four or more Group 

1 sites on 57“ of all days sampled.

( Study/Permanent Si te Compari son)

C. Site ll/7th&C did not report an exceedance on any day when one

or more Group 1 sites did.

D. Site 25/Spenard did not report an exceedance on 56” of the days 

when one or more Group 1 sites did and on 36” of the days when 

four or more Group 1 sites did.

Distribution of Daily Eight-Hour Averages

Quartiles and deciles were derived to describe the distribution of values 

reported from the study network during a sample day.

Group 1 Sites

(Study/Permanent Site Comparison)

A. On a daily basis, site 25/Soenard was at or below the median 

(2nd quartile) of Group 1 sites on 2 3 "  of the days and at o r

below the 3rd quartile on 7 4 “  of the days f o r  which

corresponding data are available.
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3. On a '-tally basis, site ll/7thSC was at or below the 1st owartile 
of all Group 1 sites on 87' of the jays cor wnicn cor-'escomi ng 

data are available.

Range of Daily Eight-Hour Averages

The range of values reoorted from the study n t l o r k  during a particular day 

can provide a valuable index of intra-network variability. In addition, it 
can grossly imoly that oortion of the daily maximum which nay be attributable 

to "background" levels of CO. TTiis information can be important insofar as 

the calculation of the design value incorporates a "backaround" comoonent.
For instance, a high "background" level m ight establish that less 

site-specific control is required to bring levels at an 'offending' site into 
compliance. The reverse is also the case for low "background" levels.

Group 1 Si tes

A. The daily range of eight-hour averages ranoed from -t.O 
p p m (11/ 2 4 ) to"22.3 ppm (12/3).

3. The daily range of eight-hour averages, averaged 11.9 non.

C. The daily range of eight-hour averages exceeded 18.0 pom on
seven or 13“ of the sample days, and 2 0 . 0 onn on one day.

D. On the 22 days when the daily range of eight-hour averages was
less than 1 0 . 0  opn, the daily maximum did not exceed 12.3 ■'t-.

Correlation and Regression Analysis

One way of mathematically expressing the relationship between data crom two 

sites is by fitting a line that best minimizes the distance of all data points 

to that line. One such line is the linear regression line. Straight ny 

definition, a simple equation describes the origin and rate of change or slope 

of this line. So, by knowing the value of what is called the "independent" 

variable, one can predict what could be described as the "average" value c' 

the "dependant" variable.

This "average" value is tyDically subject to some er^or due to the fact v ,at 

not all actual data points are situated precisely on the regression line. 

Therefore, statistics are needed to describe the variability associates v't" 

this prediction. One such statistic is the coefficient of cor-e 1 at* o°. .ihe^ 

squared, it becomes the coefficient of determination which is tn e o^ooo’**''” 

of variation in the dependant variable explained by variation in the 

independent variable. The higher the value of this coefficient, the mor? 

variation is explained and the stronger the relationship is between two saoa 

sets.

A particularly nettlesome problem with the traditional regression 1 ’ne ’s t^at- 

it assigns all the variability due to sampling er'-or to the deoenoant 
ignoring similar errors introduced by the independent variable. E-'-’-e :"-‘s
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would not accurately reflect the realities of errors in study samolino, a 

variation of this approach called two-way regression h 3 S  been devised b y  

statisticians to distribute this error tern symmetrically to both variables. 

The regression parameters for Group 1 sites, including both one-way and 

two-way regression lines are oresented in Table 10 (it should be noted that 

one cannot actually "solve" for 'x ' in the one-way line). It should be noted 

that all references to regression parameters such as >looe and intercept 

reflect the two-way line.

Typically, the greater the number of cases one can inspect relative to a 

particular phenomenon, the greater the confidence one has in 'understanding' 

it. This is exhibited in regression/correlation statistics where the 

confidence interval about some statistic (correlation co eff icient for 

instance) shrinks, or confidence increases as more cases are considered. For 

reference in conjunction with the regression/coefficient tables, Table 11 has 

been prepared to illustrate the effect the number of cases has on confidence 

limits about various 'r ' values.

Two basic kinds of correlation/regression analyses were performed on the 

data. The first type of analysis compared data for a particular interval that 

were paired by date to examine relative levels of CO experienced concurrently 

at a pair of sites. The second analytical approach used data sets ranked by 

ma gnitude and paired by rank. This second approach recognizes the effects of 

especially meteorology on the temporal variability of CO levels between sites, 

in particular mi croscale sites, by not 'requiring' any pair of sites to 

'perform' in some characteristic fashion simultaneously (as the first approach 

does). This typically lends itself to examining larger (seasonal) natterns 
and frequencies of CO levels throughout some study area.

Oate-Paired Correlation/Regression

Group 1 Si tes

A. All eighteen sites had coefficients of correlation greater than 

or equal to 0.80 with at least one o ther site, ranging from one 

site (site 25) to twelve sites (site 12).

B. Sixteen sites had coefficients of correlation greater than or

equal to 0.85 with at least one other site, ranning £rom nne 

site (sites 15 and 25) to six sites (sites 12 and 27).

C. Nine sites had coefficients of correlation greater than o** equal

to 0.90 with at least one other site, ranging from one site 

(sites 1,8,9, and 18) to three sites (sites 12 and 191.

Rank-Paired Correlation/Regression

Each Group 1 site correlated with all other Group 1 sites at 0.93 or better.
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Comoarison of C3D and Corridor Sites

Both the magnitude of CO levels and the frequency of MAAQS exceedances 

recorded at mo s t  Corridor sites were consistently and markedly higher than 
those recorded at most of the CBD sites.

Group 1 Si tes

A. Maximum eight-hour averages for CBD sites ranged from 6.2 opm 

(sites 1 and 20) to 15.1 ppm (site 7), while those for the 

Corridor sites ranged from 15.1 opn (site 25/Spenard) to 27.4 

(site 24).

3. The second highest e ight-hour averages for CBD sites ranged from

4.6 ppm (site 20) to 13.7 ppm (site 7), while those for the 

Corridor sites ranged from 13.1 ppm (site 25/Spenard) to 22.6 

ppm (site 24).

C. The frequency of MAAQS exceedances for CBD sites ranned from 0d> 

(sites 1, 9, 11, and 20) to 51" (site 7), w hile those for 

Corridor sites ranged from 37" (site 25) to 84" (site 24).

T
D. The means and ranges (minimum to maximum) of-values at all

Corridor sites were markedly greater than those for all CBD

sites, except that CBD site 7's mean was greater than two of the 

five Corridor sites (sites 25 and 27).

5. Site 1 had a coefficient of correlation greater than or equal to

0.75 with fourteen of the seventeen other GrouD 1 sites (and

0.80 for nine) in both CBD and Corridor locations.

F. While ten sites in the CBD (sites 1,5,6,8,9,11,12,13,13, and 19) 
had coefficients of correlation greater than approximately 0.75 

with between five (site 6 ) to eleven (site 51 other CBD sites, 
they did not correlate with any Corridor sites at 0.75 or better.

G. Three CBD sites (sites 7,15, and 20) had coefficients of 

correlation greater than approximately 0.75 with between four 

(site 7) and ten (site 1) other CBD sites and with between two 

(site 11) and four (sites 1,7,12,13, and 19) of the five 

Corridor sites.

H. All five corridor sites had coefficients of correlation greater 

than 0.77 with each other.

I. Site 25/Spenard did not correlate with any CBD sites at 0.80 or 

better. However, when the continuous record is used in lieu of 

the integrated data, the Spenard & Senson oermarent site 

correlated at 0.74, 0.77, and 0.31 wit h sites 7,12, and 13 

respectively.
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R a l a t i o n s n i□ o f  " A M "  to "PM" F o u r - H o u r  A v e r a g e s

"he analysis of both intra-sits and inter-sits relationships of "AM" (11:00 

-A.M. to 3:00 P.M.) and "PM" (3:00 P.M. to 7:00 D . M . ) four-hour values can 

provide a characterization of the temporal variability of CO levels at

individual sites and over the entire study area. Figures 13 and 1 J oresent

the composite statistics from each sits for the "AM" and "PM" oerio •. 

respectively. Due to time constraints, this analysis received a relatively 
limited treatment in this report.

CrouD 1 Sites Only

A. For parameters such as range, maximums, 2nd highs, minimums, 
means, and medians, each site's "PM" values were consistently 
greater than or equal to the "AM" values when all samole days

are considered. The notable exceptions to this were sites 13

and 20 where the maximu m and 2nd highest "AM" values exceeded
those "PM" measures, with site iJ's "AM" mean also exceeding 

its' "PM" mean.

3. The maximum "AM" averages ranged from 6.4 pom (site 1) to 75.1

(site 24). The maximum "PM" averages ranged from 5.3 oom (site
20) to 30.' ppm (site 24).

C. The minimum values for both "AM" and "PM" periods we^e

essentially equal (within + 1.0 nom) at 15 of the 13 ’> o u p  i
sites.

D. The median of each site's daily "AM"/"PM" ratio -anned *>cm 

(sites 1,5,7,9,11,18, and 20) to 1.2 (site 13).

E. Some 16 of the Group 1 sites exhibited median "am'7 "dm " rat'os

less than or equal to 1 .0 , demonstrating general dominance of

"PM" over "AM" values when considered on a daily basis.

F. The minimum "AM"/"PM" ratios ranged from 0.3* (sites 20) to 3.5 

(sites 13,15, and 24), with an averane minimum r a t i o  o v e r  s'! 

sites of 0.3.

(5. The maximum "AM"/"PM" ratios ranged from 1.5 (s’tes 1 and '8 cc
17.8 (site 25) with an average maximum ratio over all Grouo ’ 

sites of 3.0.

Groups 1 and 2 Combined

H. Considering all sited (Groups 1 and 2), the daily "0M " maximum

was greater than the "AM" maximum on 59% of all samole days 'not 

including 10 days that were within + 0.5 pom) by an average ■'*’

4.6 ppm, and ranging from 0 . 6  ppm (T2 /1 ) tc, 15.3 oom (2 /1 )
greater. Conversely, the daily "AM" maximum was g r e a t e r  - r a ­

the "PM" maximum on 22% of all samole days, not inc’uding c-cse 

days within 0.5 pom, by an averane of 3.2 oom, an: - a - —
0.7 ppm (1/3) to 10.7 ppm (12/10) greate-.

"r - i.aflects rounding of a ratio value less than 0.05.
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I. On 57% pf 311 sanple days, the daily composite median 0 f 3n

sites'(again Groups 1 and 2) "AM"/"PM" ratios was less than 1.0.

J. The average nunber of daily exceedances reported from the study 

network (Groups 1 and 2) was essentially identical regardless of 
whether the "AM"/"PM" ratio was greater or less than 1 .0 . 

However, on the day when the highest proportion of sites 

exceeded the standard (78% on 12/?), "AM" averages were clearly 
greater than "PM" at over 55% of the study sites. Conversely, 

on the day when the second highest oropcrtion of exceedances 
were recorded (6 8% on 1/5), "PM" averages were clearly greater 

than "AM" averages at about 83% of the study sites.

GRID NETTiORKS

The primary emphasis of the grid monitoring networks was to establish the 
representativeness of the Spenard & Benson, Garden, and Sand Lake permanent 

sites over mid dle  and neighborhood spatial scales. The results and discussion 
that follow are given on a network-specific basis.

Garden Network

The objective for the 'Garden study network was to examine and establish, if 

possible, the homogenous representativeness of the permanent Garden site. A 

total of five sequential samplers were dedicated to this study network. The 

locations of these samplers are plotted in Figure 4. Mote that site 105 was 

collocated with the permanent probe for purposes of method conoarison and 
quality assurance. Inspection of the data reveals that a systematic 

difference between the sequential and continuous sanoling methods nay be 

indicated (refer to Quality Assurance section). Therefore, site 105 was 

considered the surrogate of the oermanent site for the purpose of maintaining 

congruity among the data bases considered during the regression portion of the 

analysis.

Even though the samplers employed in this network collected hourly data, 

four-hour block data wer e used in these inter-site comparisons to overcome 

potential biases due to autocorrelation and to dampen potential temporal 

shifts or offsets associated with impacts at one sampler (or samplers) not 

simultaneously, but eventually experienced at the other grid sites. If tnese 

temporal variations were profound (on the order of two or more hours) and/or 

intermittent, then the determination of homogeneity would be made immensely 

more difficult. This is not thought to have occurred here to any appreciable 

extent.

Data arising from the Garden network are displayed in Table 12 and Figure 15.

A. The Garden permanent site had a coefficient of correlation 

between 0.94 (site 101) and 0.96 (sites 102 and 103) with each 
of the five sites in the Garden study network (0.95 with 

collocated site 105).

B, The regression lines for each of the Garden site/study site 
pairings had slopes of between 0.33 and 0.37 with intercepts at 

or below 0.5 pom.
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Table 12 Corralacion/Regression Results* tor Permanent and Study Sites
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Z. Jhil? the correlation coefficients for the oairings of site 1 2 ? 
and the other Garden network study sites were somewnat lower 

than tnose for the Garden permanent site pairings, ranging -ron
0.39 (site 10 *1) to .96 (sjte 103), the slopes were closer to

unity (1.0) ranging fron 0.93 (site 102) to 0.97 (site 1011, 
with intercepts less than Q.Bppm.

Sand Lake Network

The objective for the Sand Lake study network was to examine and establish, i *

possible, the homogenous and analogous representativeness of the Sand Lake

permanent site. Three study sites were deployed about the permanent site. 

Their locations are plotted on Figure 5. Study site 29 was sited to examine 

the homogenous representativeness of the Sand Lake site, because sites 28 and 
30 were located across one or more we U  - '.raveled arterials from the Sand Lake 

site, they yielded data relative to analogous representativeness.

As a result of the use of S-hour integrated ramolers in this network, dail > 

eight-hour block data were used in these inter-site comparisons. In addition, 
sampling was not conducted during the period of most frequent maximum daily 

concentrations for logistical reasons. Therefore, the relationships desc’-ioec 
by Figure 16 and the correlation/regression results appearing in Table 12 may 

not adequately characterize the circumstances of other oeriods within a jay."

A. The Sand Lake permanent site had a coefficient of correlation p- 

0.88 with site 28, 0.97 with site 29, and 0.92 with site 30, 

with slopes indicating tha‘ study sites 29 and 30 were 2'.- and 

19M higher on average than ;he Sand Lake site, while site *as 
6 o lower on average.'

3. Site 30, across Jewell Lake Road from the other sites,

correlated at 0.79 and 0.73 with sites 28 and 29 r es pec tiv ely ,

with slopes indicating that it is 26* lower than site 23 and 4
higher than site 29 on average.

Soenard A Benson Network

The objective for the Spenard A 3enson network was to examine and a s t a n ^ s "  

the homogenous and analogous representativeness of the Soenard permanent 

site. A total of four sites were eventually deployed in the Soenaro network, 

consisting of three sequential and one integrated samplers. The location c* 

these sites are olotted on Figure 3. Sites 201 and 203 were located across

one or more major traffic facilities and therefore retrieved data ^e'at've ::

analogous reoresentativeness. Sites 202 and 204 were located in t^e 

neighborhood contiguous with the Spenard permanent site and examined 

homogenous representativeness.

Again, though hourly data were available from three of these study sites, 

four- hour block data were utilized in the correlation/regression analysis.

As site 204 retrieved 3-hour b'ock data, comparisons with that site w e re -’a'e 

on that basis.

In addition to the Soenard ori d sites, site 38, located ;n the ->o*g-,n
of the intersection of Spenard and Minnesota was included to’m p a ^ " -•:~

the Soenard g r i 1 network.
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Data a r i s i n g  f r o m  t h i s  n e t w o r k  are d i s D l a y e d  in Figure 17 a n d  Taole 1?.

4. The Soenard permanent site had coefficients of correlation of 
0.69, 0.86, and 0.80 with sites 201, 202, and 203 resoective 1/, 

at slopes of 0.50, 0.59, and 0.72.

3. On an 3-hour olock basis, the Spenard permanent site correlated

at 0.72 with study site 204.

C. Site 202 c o r r e l a t e d  at 0.89 and 0.36 with s i t e s  201 and 203
r e s p e c t i v e l y ,  and with s l oDes of 1.00 and 1.12.

0. Site 201 correlated with site 203 at 0.83 with a slope of 1.10.

E. On an 8 -hour block basis, site 204 correlated with sites 201,

202, and 203 at 0.80 or better with slopes indicating that it is
on average between 15“ to 28G higher.

F. On an 8 -hour block basis, site 204 correlated at 0.35 with site 
33, running 4% higher on average.

INTER-NETWORK COMPARISONS

Relationships of CO levels measured in areas spatially removed from eacn other

were examined in order to characterize their distribution throughout the

city. This kind of analysis can be difficult in that imoacts may not be 

simultaneous over the entire breadth of the study area (city). A more 

exhaustive aralysis towards accountino for anv of these ootential temporal 
shifts will be attempted when time allows.

Four-hour block data was used throughout the bulk of this analysis. 

Correlation/regression results are displayed in Table 12. Instances where it 

was necessary to use 3-hour block data (as with the Sand Lake samolers) a-e 
identi fied.

3ecause there was no integrated sampler collocated with the Garden oermanent 
site, Garden data were used for comparisons with the integrated sites.

However, it should be noted when reviewing these comparisons that the1”? "ay o~ 

a small systematic difference in the sampling methodologies between the 

integrated and continuous sites with the latter oerhaps 3" to 5''- higher on an 
the former on average (refer to Quality Assurance section).

rinally, all available data (including weekends) from the permanent s ;ces 

used in comparisons with each other.

Inter-Permanent Site Comparisons

A. Between the permanent sites, correlations ranged from 9.59 to
0.30.

3. As indicated bv the slope o* the regression I ’̂e, Snena-o

Benson was 98“ and 31“ higher on average than tre i ' a": 

Sand Lake sites respectively, with interceots o ? - 3 . 6 '

C. Spenard <4 Benson was 11“ h i g h e r  o n  a v e r a g e  t h a n  t h e  B a l e e n  s’te.
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D. Garden was-87" and 73" higner on average than the "t" !< Z a m  

Sand Lake sites respectively, wi tn interceots of -1.'-5 and 3.11

E. Sand Lake was 9* higher on average than the 7th f, C site, with 

an intercept of -1 .0 0 .

Permanent/Group 1 Site Comparisons (8 -Hour Block Data)

F. The 7th & C and Spenard & 3enson sites have been ccmoared to 

Group 1 sites in a previous section.

G. The Garden site correlated at 0.30 or better witn four other 

Group 1 sites (sites 19,21,24, and 23).

H. The Sand Lake site did not correlate at 0.80 or better with any 

Group 1 sites.

Permanent/Garden Network Comparison

I. The 7th S C, Soenard $ Senson and Sand Lake permanent s’tes V  d 

not correlate at 0.75 or better with any Garden study site

Permanent/Sand Lake Network Comparison (3-Hour Block Oatai

•J. The 7th £ ’C, Spenard <5 Benson, and Garden sites correlated at

0.74 to 0.80 with site 29 in the Sand Lake network. In 

addition, Spenard £ Benson correlated at 0.37 vi th site 2 5 in 

the Sand Lake Network.

P e m a n e n t / S p e n a r d  & Benson Network Comparison

X. The 7th & C and Garden permanent sites correlated at D .’E m
better wi th five (sites 201,202, and 203 on a 4-hour block

basis, and sites 204 and 38 on an 8-hour block basis), and o n *3 
(site 202) sites respectively in the Soenard £ 3enson network. 

The Sand Lake site did not correlate with any Soenard netwo-y 

site at 0.75 or better.

Other Network to Network Comparisons

L. Sites 201 and 202 of the Spenard grid network correlate: at 2."

or better with one (sits 103) and two (sites 102 and '23 s t e s

respectively in the Garden network.

M. Twelve of eighteen Group 1 sites and no Group 2 sites tm-'e'ate

at 0.75 or better with sits 38 (in the neighborhood adjoining 

Spenard and Minnesota).

Table 13 Correlation/Regression Results* for Permanent Gitas

l»o. JiTt otp. sire cOH«riiTin« cor.r.ocic*. «o.or pii.s j-.»i atcussioi !3. i-«»» i;.

n c S P t t l 0 ,  TAO 4 1 7 . 0 r  ■ » . 9 « J *  ♦ —l . a l O r * i . I S t » *
n c S A B O u • J S 1 O . J f t S 4 1 4 . 0 r • I . A f t f t l  r •  t .  4 4 * r ■ 1 . 2 1 9 1  « 1 . 4 4 4

7 AC S U L K O . f . 4 2 1 , 4 1 1 4 1 0 . 0 T « 1 . 3 9 * 1  • • 1  . 0 0 7 1 » : . M ? i  • . . 4  14

5 P B E GAB O 1 , 1 ) 1 0 , 1 4 ) 4 2 7 , 0 r  • 0 . 9 0 4 1  ♦ - 1 . 9 7 7 ;  s 1 .  9 4 4 1  • 1 . 4 f t .
3 P B C S U L * • i .  l i t 0 .ft J  J 1 9 0 . 0 T • 0 . 5 5 1 1  • • o . a O * • « • 9 . ; 4 2

GAB O S O L A • A . T O J 4 1 f t . 0 1 « 3 . S 7 B I  • —1 . . 0 J • X j . 4 1 4 4  • « .  » 4 9

t r  . R e f l e c t s D a t a for Six 4-Hour 3locks per Day
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QUALITY ASSURANCE

The number and diversity of study sampling regimes necessitated a 

comprehensive and highly coordinated approach to yield data of appropriate 

precision, accuracy, and completeness. As referenced previously, a rigorous 
quality assurance (QA) program was developed and applied to the study. An 

enormous body of qual'.ty assurance documentation was amassed during the study 
in support of data quality. Tnis QA program was composed of three basic 

elements: sampling QA, analytical QA, and data handling QA to preserve both 
the integrity and completeness of the data.

Sampl ing QA

Explicit and routine field QA protocols were designed and implemented to 

ensure that samples being collected wei"5 both representative of ambient CO 

concentrations at the individual sampling sites and comparable in terms of 

quality to samples collected elsewhere in the study network. Measures of 

sampling performance are described below.

Sampling Precision

•

A pair of integrated samplers was collocated (within 2 meters) to quantify the 

extent of variability associated with the sampling method. The result's in 
terms of 8 -hour averages are described below:

A. Collocated samplers 9 and 10 correlated at 0.97 with a slope of 

nearly 1 .0 .

3. The mean difference between sites ? and 10 was 0.0, with 

individual differences ranging from -0.9 to 1.5 ppm.

C. Eighty percent of the differences between sites 9 and 10 were 

within + 0 . 6  ppm (leaving only two differences greater than _+

0.6 ppm: -0.9 ppm and 1.6 ppm).

Sampling Accuracy

Pairs of integrated samplers/permanent monitors and sequential 

sampl er/pennanent monitor were deployed in the study network. Whi 1 e in the 
traditional sense this was not a true audit of sampler accuracy since an 

absolute standard was not directly employed, it was assumed that data 

retrieved from the permanent monitors were of sufficiently higher or at least 

less variable quality that they were considered a "quasi" audit source. This 

also provided a measure of method comnarability. The results are described 

below:

A. Collocated sites 11 and 7th 5 C correlated at 0.95 with the 

permanent site running about 3% higher on average than site 11.

B. Absolute differences between site 11 and 7th 1 C ranged from 

- 1 . 1 ppm to 1 . 1 ppm.

C. Collocated sites 25 and Spenard correlated at 0.°Q with the 

Spenard & Benson permanent site running about 5- higher on

average (at an intercept of -1.52) than site 25.
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j. Of the 43 total pairs o e lata r e s u l t i n g  f r o n  the co nc a- i son ;f •

site 25 and the Spenard S Benson permanent site, d i f f e r e n c e s  
ranged from -1.8 ppm to 4.8 ppn. Of these, 22 were witnin - 1 . 2  
ppm and 38 were within 2 . 0 ppm. Seventeen of the 21 ~i

differences greater than * 1.3 pom occurred wnen one or Ootn

members of the pair were Tess than 9.0 ppm.

(3ecause the variability exhibited by this particular pair of ^

sites was greater than that of other collocated pairs, it became 

the object of further investigation towards accounting for the 

source of the variability. It is now thought that both sanol-'ng 

devices were operating within their normal resoective limits arc 

that the source of most of the few but large differences is 

attributable to site-specific peculiarities.)

E. Using 4-hour block data, collocated sites 105 and Garden

correl ated at 0.95 with the permanent site running 18': n-'ghe'- :n 

average than 105 (a systematic dilution oroblem associated witn '

the sequential method is suspected as the source of this of*set .

Study Sampling Method Comparison

An integrated sampler and a sequential sampler were collocated to orovide an 

index of the comparability of these two methods. Collocated sites 7 anc 301 

correlated at 0.90 with the integrated sampler (site 7) running about 12- 

higher on ave-age than the sequential sampler (the same sequential dilution 

problem referenced in "C" above is suspected as the source of this diffe^e^ce

Analytical QA

Analytical performance was continually monitored to ensure the integrity o■ 

the study data. Two measures of this analytical performance are descr’oec 
below.

Analytical Precision

The Beckman Model 366 CO analyzer used for analysis of oag samples was 

challenged 5 to 10 times daily with a precision atmosDhere traceaDle to tre 

National Bureau of Standards (NBS). Due to the limited availability o* 

precision materials, the level of these precision checks varied r>om ' 2 - tc 

36^ of analyzer range. It should be noted that the orecision con-ipen.oe 

limits were computed using the percent difference of analyzer resoonse to tre 

known concentration of the precision atmosphere. As the prooortional 

difference of a fixed absolute difference is greater for lower than nitre'- 

concentrations, results from each precision level were considered 

individually. The results of these checks are described below.

A. For the 24 precision checks performed at the nominal 5 cc~

level, the absolute differences ranged from -0 .’ oom to 2 . 2 :_~ 

wi tn percent differences yielding an jone'* 95- t or- - 1-;-:e ’ —  t 
(Cl) of 5.62 and a lower *95“: Cl of -5.48.

i
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9. For the 34 precision checks performed at the nominal 9 p d '"

level, the absolute differences -anged *ron -0.7 non to 0.3 ppm, 

with Dercent differences yi el d i n g  an upoer 95'^ Cl of 6.42 and a 
lower 95-G Cl o f  -2.20.

C. For the 102 precision checks performed at the 17 opm  level, the 

absolute differences ranged from -0.7 ppm to 0.3 ppm, with 

percent differences yieldin g an upper 95' Cl of 2.31 and a lower 

95' Cl of -2.01.

Another routine measure of  analytical precision was the re-analysis of a 

number of samples to ascertain the cumulative variability associated with the 

analytical Drotocol. The results of these checks are not presented here.

Analytical Accuracy

The CO analyzer was audited two times with test atmospheres traceable to NBS 
to evaluate its response to known and absolute concentrations of CO. The 

number of audits do not m erit  a statistical treatment of the resulting data. 
The results of these audits are summarized below:

A. The first audit (performed on January 5, 1983) indicated that

the analyzer was  reading between 2 .0' and 4 . 4 V, high.

3. The second audit (performed on February 18, 1983) indicated that

the analyzer was reading between 0.4'S and 2 . 5‘i high.

Data Handling QA

The abundant amount of data arising from the study and the numerous 

manipulations it underwent created the potential for errors in transcription, 

processing, and computation. A rigorous orogram of routine checks was 

instituted towards identifying and c orre cti ng these errors. The results of 

this program will not he presented here. However, this program was extremely 

effective in minimizing and eliminating these errors.

Oaca Completeness

Data completeness is a function of two somewhat competing objectives: 1) 

maximizing the proportion of successfully collected samoles relative to ail 

sampling attempts while 2 ) preserving the fundamental and desired integrity of 

the data base. The stuted objective of this study was to successfully capture 

valid data for 85' of the total attempts (validity criteria was defined in the 

study QA plan). Data recovery rates for each of the subject study sites are 

shown in Table 13.
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Taple 14 Valid Data Recovery Rates 2y Site

"/VI"* Data "PM"** Data
Oroup 1 Recovery Rate Recovery Rate
Si tes (i n percent) (i n Dercent)

1 85.2 96.3
5 95.3 85.2
6 92.6 83.9
7 91.5 94.4

8 90.7 79.6
0 98.1 37.0
ii 92.6 92.6

12 96.3 38.9
13 95.3 94.4

15 81.5 38.9
18 90.7 96.3

19 92.6 75.9
20 96.3 90.7

21 94.4 88.9
24 90.7 90.7

25 98.3 97.0
26 95.3 92.6

27 90.7 94.4

Sand Lake

Si tes*”

28

29
30

* - 1 1 : 0 0  a.Ti. to 3:00 p.m.

**  - 3:00 d . t i . to 7:00 p.m.

*■** - Reflects eight-hour interval of 3:00 a.T.

3-Hour Data 

Recovery Rate 

(in percent)

81.5

83.3

33.3 

75.9 
77.8

85.2

85.2

85.2
92.6

74.1
90.7

70.4

90.7

85.2
31.5 •

35.2
90.7 

*5.2

35.7

35.7 

32.1
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STATE 
of ALASKA

>j[ -l~ Stanley W. Hunger ford

Environmental Engi n e e r  IV i/J

DATE

FILE NO

April 2, 1980

T.C. Trible 7 r c r  
Chief, EQM&LO

TELEPHONE NO:

SUBJECT

Te so ro -A las ka  

Kenai Refinery; 

Suggestions for 

Monitoring

I have  re vi e w e d  Mr. Frates' let te r r e g a rdi ng  the T e s o r o - Ala sk a Kenai 

refinery. The following are m y  s uggestions and comments.

Gene ra lly  speaking, the m a n y  concerns e x p re ss ed b y  Mr. Frates r e p r e s e n t  

hy p o th et ic al s ituations ra the r than act ua l or a n t i cip at ed  conditions. 

There is no p o i n t  in  my  trying to addre ss  Mr. Frates' concerns i n d i v i d­

ually since I pres um e that you w il l  be d o i n g  that in y our letter.

However, there are some actions tnat w e  can take in o r der  to p r ov id e 

you w it h  factual in for ma ti on  r e g a rd in g envir on me nta l conditions.

.We can d e vel op  an ambie nt air m o n i t o r i n g  s tr at eg y for the ar e a  of 

co n ce rn  co ns id er ing  siting requirements, i ns tr ume nt  sel ec tio n and 

per fo rm anc e testing, calibration, m a i n t e n a n c e  and d at a  reduction. 

Dis tr ic t office p ersonnel m u s t  o p e r a t e  the equipment, however. We 

m i g h t  w an t  to e s t a bl is h S 0 2 , 03, Oxides of Nitrog en  an d TSP sites at 

one or two locations.

We can d e v el op a p r o g r a m  for mon it o r i n g  w a t e r  quali ty  of nearb y lakes 

and streams eval ua ti ng  parame te rs  suc h as TKN, N03-N02, sulfate, pH, 

carbonate a l ka lin it y and perh ap s even hydrocarbons. A g a i n  di st r i c t  

of fi c e  suppo rt  w o u l d  be r eq u i r e d  to c o ll ec t samples and m e a su re  p H  

as wel l  as carbonate alkalinity. E Q M & L O  can provide the required 

la bo ra to ry support.

In o rd er for yo u to decide h o w  far yo u w i s h  to go wit h this problem,

I have i nc luded in the fo llowing an estima te  of n ew  eq u i p m e n t  costs.

I A M B I E N T  A I R  M O NI TO RIN G

A  Sulfur Dioxide

1. T EC O  M odel 43 S02 ana l y z e r  8,500

2. M ZTRONICS D y n a c a l i b r a t o r  5,350

3. S U P E R SC RI BE  strip cnart r ec or de r 1,600

4. MO N I T O R  LABS signal a verager 1,100

5. Miscel la ne ou s com mo dit ie s 250

16,800 per site

B Ozone

" C1BI Model 1003-RS Ozone an al yze r 5,750

2. SU PE RSC RI BE  strip c ha rt  r e c o r d e r  1,600

3. M O N I T O R  LABS signal av era g e r  1,100

4. Misce lla ne ou s c o m m odi ti es  250

8,700 per site



St anley W. Hungerford page 2 April 2, 1980

C Oxides of N it r o g e n

1. M O N I T O R  LABS Model 844-E NO(X) analyzer 10,000

2. CSI  Gas p hase titration calibr at or 9,000

3. SU P E R SC RI BE  strip c h ar t re corder 1,600

4. M O N I T O R  LABS signal av er ag er 1,100

5. Mi s c e l l an eo us  commodi ti es 250

21,950 p er  site

T ot al  e q u i pm en t costs pe r site for ambie nt air m o n it ori ng  are $47,450.

I r e c om men d a b a c k - u p  strip c ha rt recorder and signal av er ag er for an 

addi tio na l $2,700 and a total of $50,150.

II W A T E R  QU A L I T Y  M ON IT O R I N G

A N o n - c o ns erv at iv e Parameters

1. O R IO N p H  meter, p r o b e  and buff er  solutions,

alk al i n i t y  gear 950

B C o n se rva ti ve  P arameters

1. A ll  r eq uired w a t e r  che mi st ry  can be i nc or porated into 

the e xis ti ng  program.

I have included one of these sites in our request for addit io na l 

a m bi en t air mo ni t o r i n g  equipment. Please advise me how you wan t  to 

go with this problem.



Tom Trible 
Chief, EQ4 5 LO

April 9, 1980

Stanley W. Hungerford ... 
Enviromental Engineer IV

Kenai Air/Water 
Monitoring Program

Tom, your suggestions for a multi-parameter monitoring program for 
obtaining "background" air and water quality data in the Kenai area 
looks good to me. Please obtain the equipment (via Tcm Hanna's grant 
funds) and arrange to set up a monitoring station somewhere in the 
vicinity of the Collier-Phillips-Tesoro industrial complex about 10 miles 
north of Kenai. Enclosed is a map from Tesoro's PSD application which 
indicates calculated pollutant concentrations in the area, and another 
map showing locations of major facilities.

I hope you can get the program started ivhile I am on leave, but if not, 
we should get together as soon as I return. Here are the names of 
company officials, who might be able to help you site the instruments and 
obtain power:

Union Chemicals —

Mr. George Ford, Plant Manager (776-8121) 
Mr. Bill -‘witzer, Environment Engineer

Phillips Petroleum —

Mr. J. F. Settle (776-8166)

Tesoro Alaska Refining

Mr. Mark Necessary (776-8191)
Mr. Ray Measles, Laboratory Supervisor

Chevron USA (refinery)

Mr. George E. Day, Manager (776-8161)

Chugach Electric Ass'n

Mr. L. J.-Schultz, General Manager (276-3500) 
Mr. Larry Marley, Manager, Environmental



/| p p  f  - o/c.

O A TE *  AUG.  0 2 ,  1 9 8 A
STATE AND LO CA L ATS MONITORING REPORT

CREATEO FROM N A T I O N AL 'A ER OM ET RI C DATA SANK

S U S P E N D E D  P A R T I C U L A T E  U G / P 3 ALASKA 1 9 8 3

METHOD* G R A V I M E T R I C .  2 4 - H O U R  H I - V O L U M E  F I L T E R  S A M P L E - 9 1

S I T E  CODE  
AND AC OR ES S

ANCHORAGE BOROUGH

METH
R E P
ORG

0 2 0 0 4 3 3 0 3 1 0 1  91 0 2 0
S T A T E  N . I . N .  PROGRAM B L C G  5 2 7  E .  4TH A V E .  
ANCHORAGE

0 2 0 0 4 7 0 0 5 1 0 1  91 0 2 0
C I T Y  F I R E  S T A T I O N  7TH £ C S T R E E T  
ANCHORAGE

0 2 0 0 4 3 3 0 9 1 0 1  91 0 2 0
TUOOR » 1  -  3 5 0 0  F A S T  TUDOR ROAD 
ANCHORAGE

0 2 0 0 4 0 7 1 9 1 0 1  91 0 2 0
1 / 4  M I L E  S O I L W E L L  RO £ 3 / 4  M I L E  MULDOOh 
ANCHORAGE

0 2 0 0 4 7 3 2 0 1 0 1
1 0 4 5  N E S T  8 I H  S T R E E T
ANCHORAGE

91 020

0 2 0 0 4 9 7 2 1 1 0 1  91 0 2 0
SANO L A K E  D I S T R I C T  3 4 2 6  R A SP BE RR Y  ROAD 
ANCWORAGE

0 2 0 3 4 3 3 2 9 1 0 1  91
TUOOR * 2  -  3 5 C 0  E A S T  TUDOR ROAD 
ANCHORAGE

020

F A I R B A N K S  NORTH S T A R BOROUGH

0 2 3 1 6 0 7 1 0 F 0 1
6 7 5  7TH A V E ,  F A I R B A N K S
F A I R B A N K S

91

0 2 0 1 6 3 3 1 5 G 0 1
NEW BOROUGH BLOG S I T E  11  
F A I R B A N K S

91 0 2 0
4TH £ L A C E Y

NUMBER
2 4 - H R

O B S .

59

58

59

5 7

59

19

59

36

30

ANNUAL
G E O M E T R I C

MEAN

5 5

6 4

65

21

49

4 4 ?

6 3

1 0 5 ?

9 3 ?

2 4 - H R  VA 
> 2 6 0

10

10

11

2 4 - H R  V A L U E S  
1 S T  MAX 2ND MAX 

D ATE  DATE

223
0 5 / 1 2

2 2 4
0 4 / 0 6

2 1 5
0 9 / 2 7

100
0 1 / 3 0

1 7 0
0 6 / 2 3

2 0 8
0 3 / 2 5

23 2
0 9 / 2 7

2 6 5
1 2 / 0 8

2 3 8
0 6 / 1 1

1 9 5  
0 6 / \ 7

2 ? 3
0 6 / 2 3

1 8 8
0 5 / 1 2

100
02 /1 1

1 60
0 5 / 1 2

1 5 6
0 3 / 0 7

181
0 6 / 2 3

2 4 5
0 4 / 0 6

1 5 7
0 4 / 1 8

P A C E



0* TE * AUG. 02, 1964

S L S P E N O E O  P A R T I C U L A T E  U G / K 3  AL AS K A 1 9 8 3

METHOOl  G R A V I M E T R I C ,  2 4 - H O L R  H I - V O L U M E  F I L T E R  S A P P L E - 9 1

STATE AND LOCAL AIT MONITORING REPORT
CREATEO FROM NATIONAL AEROMETRIC CATA BANK

S I T E  CODE  
ANO A DC R F S S

F A I R B A N K S  NORTH S TAR  BOROUGH

METH
REP
ORG

0 2 0 1 6 0 3 16GG1 9 1  0 2 0
NEW BOROUGH BLOG S I T E  #2  4TH L L A C E Y  
F A I R B A N K S

0 2 3 1 6 3 0 1 7G01  9 1  0 2 0
NOROALe E L E M E NT A RY  SCH OO L H A M I L T O N - E U R E K A  
F A I R B A N K S

0 2 0 1 6 3  3 1 9 G 0 1  91  0 2 0
NOEL M I E N  L I B R A R Y  -  COML ES  & A I R P O R T  ROS  
F A I R B A N K S

0 2 0 1 6 0 3  2 2 G 0 1  91
NOEL  W I E N  L I B R A R Y  * 2 , COWLES k A I R P O R T  ROS
F A I R B A N K S

JUNEAU BOROUGH

0 2 0 2 0 3 0 0 2 F 0 1
JUNEAU F I R E  DEPARTMENT
JUNEAU

91 020

NUMBER
2 4 - H R

C B S .

59

54

59

11

57

ANNUAL
G E O M E TR I C

MEAN

71

66

6 7

7 6 T

35

2 4 - H R  V A L U E S  
> 2 6 0  > I S O

2 4 - H R  V A L U E S  
1 ST  MAX 2ND MAX 

D ATE  DATE

2 33
0 6 / 1 1

175
1 0 / 1 5

201
1 0 / 1 5

2 0 7
1 0 / 1 5

1 62
0 5 / 0 6

1 7 4
1 2 / 0 8

1 52
0 9 / 2 7

1 5 9
1 1 / 0 8

1 5 8
1 1 / 0 8

120
1 0 / 1 5

PAGE 2

"7



DA re * AUG. 02, 198A
STATE AKO LOCAL Aid MONITORING REPORT

CREATED FROM NATIONAL AEROMETRIC CATA DANK PAGE 1

S U S P E N D E D  P A R T I C U L A T E  UG/M3 AL AS KA 1 9 8 3

METHOD!  G R A V I M E T R I C .  2 A- HO UR  H I - V O L U M E  F I L T E R  S A M P L E - 9 1

S I T E  CODE 
ANO ADDR ES S

ANCHORAGE BOROUGH

METH
REP
ORG

*

3 2 0 0 A 3 ) C 3 101 9 1  0 2 0
S T A T E  R . I . N .  PROGRAM 81.CG 5 2 7  E .  ATM A V E .  
ANCHORAGE

Q 2 0 0 A 3 0 0 5 I 0 1  91  0 2 0
C I T Y  F I R E  S T A T I O N  7 T H  & C S T R E E T  
ANCHORAGE

0 2 0 0 A 0 3 C 9 I 0 1  9 1  0 2 0
TUOOR 1 1  -  3 5 0 0  E A S T  TUOOR ROAD 
ANCHORAGE

0 2 3 0  A l l 1 9 1 0 1  9 1  0 2 0
1 / A  M I L E  S O I L N E L L  RD & 3 / A  M I L E  MULDCON 
ANCHORAGE

0 2 0 0 A 0 3 2 0 I 0 1
1 0 A5  R E S T  8TH S T R E E T
ANCHORAGE

91 020

0
TO 65

3 5

28

31

53

AO

66
TO 1 3 0

16

NUMBER OF 2 A- H C U R  C O N C E N T R A T I O N S  IN R AN GE S !

16

17

1A

1 3 1  
TO 1 9 5

10

1 9 6  
TO 2 6 0

2 6 1  
TO 3 2 5

3 2 6  
TO 3 9 0

3 9 1  
TO A55

O VER •  
A55 •

0 2 0 3 A 10 2 1 10 1  91  0 2 0
SANO L A K E  D I S T R I C T  3 A 2 6  R A S P B E R U Y  ROAD 
ANCHORAGE

0 2 3 1 6 ) 1 2 9 1 0 1  91
TUOOR * 2  -  3 5 0 0  E A S T  TUDOR ROAD 
ANCHORAGE

F A I R B A N K S  NORTH S TAR  BOROUGH

0 2 0 1 6 3 ) 1 0 F 3 1
6 7 5  7TH A V E ,  F A I R B A N K S
F A I R B A N K S

91

020

0 2 0 1 6 3 1 1 5 G0 1 9 1  0 2 0
NEW BOROUGH BLOG S I T E  I I  -  ATH I L A C E Y  
F A I R B A N K S

11

31 18

15

18



V .  -

S T A T E  AND L O C A L  A I R  MO NI TO RI NG R E P O R T  
O A T E i  A UG .  U 2 '  1 9 8 4  C R E A T E O  FROM N A T I O N A L  A E R O N E T R I C  OATA BANK P A G E  2

S U S P E N D E D  P A R T I C U L A T E  U G / P 3  A L A SK A  1 9 8 3

ME TH O D! G R A V I M E T R I C t  2 4 - H O U R  H I - V O L U M E  F I L T E R  SA M PL E - 9 1

„ „ „ „  * ♦  NUMBER OF 2 4 - H C U R  C O N C E N T R A T I O N S  IN R A NG E S*  ♦ ♦
S I T E  CODE R EP  * 0  6 6  1 3 1  1 9 6  2 6 1  3 2 6  3 9 1  OVER ♦

AND A DD RE SS  METH ORG •  TO 6 5  TO 1 3 0  TO 1 9 5  TO 2 6 0  TO 3 2 5  TO 3 9 0  TO 4 5 5  4 5 5  •

F A I R B A N K S  NO R TH  ST AR B O R O U G H

0 2 0 1 6 3 ) 1 6 G 0 1  9 1  0 2 0  2 1  30  7 1
NEM BOROUGH BLDG S I T E  12  4TH & L A C E V
F A I R B A N K S

0 2 0 1 6 3 0 1 7 G0 1 9 1  0 2 0  22  2 9  3
NOROALE EL E M E N T A R Y  S C H O O L  H A M I L T O N - E U R E K A

F A I R B A N K S

0 2 3 1 6 3 3 1 9 G 0 1  9 1  0 2 0  2 6  3 0  2 1
NOEL M I E N  L I B R A R Y  -  COML ES  £ A I R P O R T  ROS
F A I R B A N K S

0 2 0 1 6 0 3 2 2 G 0 1  9J. 4 5 1 1
NOEL M I E N  L I B P A R Y  I 2 . C 0 N L E S  £ A I R P O R T  ROS
FA IR B A N K S

JU NEAU B O R O U G H

Q 2 3 2 0 3 9 0 2 F 0 1  9 1  0 2 0
JUNEAU F I R E  DEPARTMENT
JUNEAU

39 17 1



DATEl AUG. 02. 1934
STATE AND LOCAL AIK MONITORING REPORT

REATEO FROM NATIONAL AEROMETRIC DATA BANK PAG E

L E A D UG 7 P 3 AL AS KA 1 9 8 3

METHODS!  J A R R E I . L - A S H  E M I S S I O N  S P E C T R A  I C A P - 9 0 ,  E M I S S I O N  S P E C T  M U F F L E  F U R N A C E - 9 1 ,  AT OMI C A B S O R P T I O N - 9 2 ,  D I T H I 0 2 0 N E  N E T h O D - 9 3
E M I S S I O N  S P E C T  ILOM TEMP A S H I - 9 5 ,  X - R A Y  F L U O R E S C E N C E - 96

S I T E  CODE  
AND ADORESS

ANCHORAGE BOROUGH

METH

REP
ORG

NUMBER OF 2 4 - H O U K  
OUARTEP  S AM PL ES

Q U A R T E R L Y  A R I T H M E T I C  
AVERAGE

0 2 3 0 4 0 3 0 5 1 0 1  92  0 2 0
C I T Y  F I R E  S T A T I O N  7TH £ C S T R E E T  
ANCHORAGE

F A I R B A N K S  NORTH S TAR BOROUGH

0 2 0 1 6 3 ) 1 6G0 1  9 2  0 2 0
NEK BOROUGH BLOG S I T E  #2  4 T H £ L A C E Y  
F A I R B A N K S

J AN LA R Y- MA RC H  
A P R I L —JUNE  
J U L Y - S E P T E M B E R  
O C T O B E R - D E C E M B E R

J AN U AR Y -H A RC H  
APR I L - J U N E  
J U L Y - S E P T E M B E R  
O C T D B E R - D E C E M B E R

15

15

10

13  
15
14  
14

0 . 5 1
0 . 3 6
0 . 2 9

0 . 6 4
0 . 1 9
0 . 1 9
0 . 7 4



V ,

1

DATE*  AUG.  0 2 ,  1 9 8 4
STATE AND LOCAL AIR MONITORING REPORT

CREATED FROM NATIONAL AEROMETRIC DATA BANK P AG E

CARBON MONOXIDE PPM ALASKA 1 9 8 3

METHODl  N O N D I S P E R S I V E  I N F R A R E O  I N O I R )  C O N T I N U O U S ,  HOURLY V A L U E S - 1 1 ,  FLAME I O N I 2 A T I O N - 2 1

S I T E  CODE  
ANO ADDR ES S

ANCHORAGE BOROUGH

METH

11

REM
ORG

0 2 0 0 4 3 3 1 3 1 0 1  
6 2 3  C S T R E E T  
ANCHORAGE

0 2 0 0 4 0 3 1 7 1 0 1  11
2 0 3 2  S P E N A R D  ROAD ANCHORAGE 9 9 3 0 3  
ANCHORAGE

020

3 2 0 0 4 0 3 1 8 1 0 1  11 0 2 0
T R I N I T Y  C H R I S T I A N  CHURCH 3 0 0 0  E .  1 6TH  AVE  
ANCHORAGE

0 2 0 0 4 3 ) 2 1 1 0 1  11 0 2 0
SANO L A K E  D I S T R I C T  3 4 2 6  R AS P B E R R Y  ROAD 
ANCHORAGE

F A I R B A N K S  NORTH S T A R BOROUGH

0 2 3 1 6 3 ) 1 3 F 0 1
6 7 5  7TH A V E ,  F A I R B A N K S
F A I R B A N K S

11 020

0 2 0 1 6 3 0 1 4 G 0 1  11
4TH A V E .  ANO L A C E Y  S T . ,  F A I R B A N K S  
F A I R B A N K S

0 2 0 1 6 3 3 2 0 G 0 1  11 0 2 0
HUNTER EL E ME NT AR Y SCHOOL 1 7 T H & G I L L I A M  
F A I R B A N K S

NUMBER
HOURLY

0 8 S .

5 1 2 2

8 5 9 5

8 4 0 1

8 6 2 1

5 2 7 7

6 3 1 5

5 7 6 3

1 -HOUR O B S E R V A T I O N S  *  8 -HOUR O B S E R V A T I O N S
1 S T  MAX 2ND MAX T I M E S  *  1 S T  MAX 2ND MAX

C A T E - T I M E  D A T E - T I M E  > 35  *  DATE D ATE
•  T I M E  END HR T I M E  END HR

T I N E S  
> 9

1 3 . 0  
0 2 / 2 4

1 8 0 0

3 4 . 0  1 2 / 0 2
1 7 0 0

2 3 . 0  
0 1 / 2 8

0 8 0 0

1 9 . 0  
1 2 / 2 7

0 8 0 0

3 6 . 0  
02/22

1 8 0 0

3 2 . 0  
0 2 / 2 3

1 7 0 0
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E X E C U T IV E  S U M M A R Y

The impact of w ood smoke on ambient p a r t i c u l a t e  levels in Fairbanks, 

Alaska, was studied d u r i n g  J a n u a r y  and F e b r u a r y  or 1981. A e r o s o l  samples 

w ere c o l l e c t e d at the N o r d a l e  and Woo d  R i v e r schools using Sie r ra  v i r t u a l  

impactor d i c h o t o m o u s  s am p l e r s  w h i c h  so r t e d  aerosol p articles into a fine 

p ar t i c l e s f ra c t i o n  (< 2.5 _m) and a c o a r s e  p a r t i c l e  f r action (> 2.5 um but 

less than 10 um d i a m e t e r ) . T w e n t y - f o u r  hour samples w e r e  co l l e c t ed  on an 

every third day frequency. Samples w e r e  s e l e ct e d  for a n a lysis on the basis 

of high IS P  loadings and fine p a rt i c l e  loadings g r e a t e r  than 7.0 u g / m 3 .

Fine and co a rs e  teflon filters w e r e  analyzed for their el em e n t a l  

cont e n t  by X - r ay  fluorescence. Selected glass fiber TSP filters w ere 

a n a l yz e d  for their o r g a n i c  and e l e m e n t a l  c a r b o n  c o n t e n t  by a p v r o l y s i s -  

flame i o n i z at i o n  procedure. Source c o n t r i b u t i o n s  were q u a n t i f i e d  u sing a 

c h e m ic a l  mass b a l a n c e  re c e p t o r  m o d e l i n g  procedure.

E i g h t y - f i v e  percent of the p a r t i c u l a t e  mass c o l l e c t e d  by the 

d i c h o t o m o u s  s a m p l e r  was fine particles, most of w h i c h  was carbon. Sulfur 

was the most a b un d a n t  ino r ga n i c  fine p a r t i c l e  spec i e s  a c c o u n t i n g  for 3.9* 

of the fine p ar t i c l e  mass, al m o s t  twice the next most abundant species, 

w h i c h  was P b . S i l i c o n  was the most a b u n d a n t  coarse p ar ticle species (11.2?,) 

followed by Ca (7.3%). The fine p ar t i c l e  5 c o n c e n t r a t i o n  of 1.03 ug/m' 

was s u b s t a n t i a l l y  g r e a t e r  than the 0.68 u g / m 3 c o n c e n t r a t i o n  of coarse 

p a r t i c l e  Si. C a l c i u m  and Si wer e mo r e  a b u n d a n t  in the c o a r s e  p a r t i c l e  

f r a c t i o n  w h il e  S, K, B r , and Pb were e n r ic h e d  in the fine p a r t i c l e  fraction.

S ulfur and X are hi g h l y  c o r r e l a t e d  w i t h  fine p a r t i c l e  mass but not w i t h  

e ac h  other. Lead is c o r re l a t e d  w i t h  fine pa r t i c l e  mass but less than S and X. 

L ead is also hi g h l y  c o r r e l a t e d  wi t h  fine p a r t i c l e  Br but was not c o r r e l a te d  

w i t h  S.

T h e  aver a g e  so u r c e  c o n t r i b u t i o n s  are s u m m a r i z e d  in Table I and i l l u s­

trated w i t h  the pie charts s h o w n in Figures I-IV.

i



T here are three primary sour ce s  of fine particles: t r a n s p o rtation, 

woo d smoke, and d i s t i l l a t e  oil. This is c o n s i s t e n t  w i t h  the a bove noted 

c o r r elations. W o o d  smoke w a s  r e s p o n s i b l e  for 47% (20 u g / m 3) of the fine 

p a r t i c l e  mas s  samp l e d  at N o r d a l e  school, w h i l e  d i s t i l l a t e  oil c o n t r i b u t e d  

18% (7.7 u g / m 3) and t r a n s p o r t a t i o n  c o n t r i b u t e d  16% (6.8 u g / m J ).

Soil and road dust a c c o u n t e d for 41% (1.7 u g / m 3) of the coarse p a r t i c le  

m ass at the Nord a le  school; coal fly ash a c c o u n t e d  for 38% (1.6 u g / m 3 ) and 

t r a n s p o r t a t i o n  w a s  r e s p o n s i b l e  for 20% (0.84 u g / m 3).

A large p o r t i o n  of the TS? was not sampl e d  by the d i c h o t o m o u s  samp l e r  

c d as a result w a s  not a p p o r t i o n e d  to s p ec i f i c  sources. T his u n a p p o r t i o n e d  

TS P  mass, however, mor e  than likely o r i g i n a t e s  fro m  the same sources 

r e s p o n s i b l e  for the d i c h o t o m o u s  coarse p ar t i c l e  mass. Since almost all of 

the w o o d  smoke p a r ti c l e s  are less than 2.5 um, the fine p a r t i c l e mass 

i mpacts for this s o u r c e  are an a c c u r a t e  r e p r e s e n t a t i o n  of this s o u rce's 

c o n t r i b u t i o n  to TSP w i t h i n  its listed u nc e r tainty.

ii
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F i g u re  I. Pie chart of p e r c e n t  source c on t r i b u t i o n s  to fine p a r t i c l e  m a s s  

m e a s u r e d  at the N o r d a l e  School m o n i t o r i n g  site.

F i g u re  II. Pi e  chart of p e r c e n t  source c o n t r i b u t i o n s  to coarse p a rt i c l e  

m a s s  m e a s u r e d  at the N o r d a l e  Sc h oo l  m o n i t o r i n g  site.
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Figure III. Pie chart of perce n t  s o u r c e  c o n t r i b u ti o n s  to fine p a r t i c l e mass 

m e a s u r e d  at the W o o d  R i v e r  School m o n i t o r i n g  site.

Figure IV. Pie chart of percent source contributions to coarse particle

mass measured at the Wood River School monitoring site.
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E X E C U T I V E  S U M M A R Y

The impact of woo d  s moke on a m b i e n t  p a r t i c u l a t e  levels in Juneau, 

Alaska, was studied d u r i n g  J a n u a r y  and F e b ruary of 1984. A e r o s o l  samples 

w e r e  c o llected at Floyd D r v d e n  school, Super Bear s ho p p i n g  center, and ac 

a L e m o n  C r e e k  r e s i d e n t i al  site using Si e rr a  v i r t u a l  i m p actor di c h o t o m o u s  

samplers w h i c h  sort a e r o s o l  p a r t i c l e s  into a fine p ar t i c l e  fraction 

(< 2.5 ura) and a c o a r s e  p a r t i c l e  f r a c t i on  (> 2.5 urn but less than 10 urn). 

T w e n t y - f o u r  hour samp l e s  w e r e  c o l l e c t e d  on an e v e r y  third day frequencv. 

Samples wer e  s e l ected for a n a l y s i s  on the basis of high  TSP loadings and 

fine p a rt i c l e  mass lo a d i n g s  g r e a t e r  than 20 u g / m 3 .

Fine and co a r s e teflon filters w ere a n a l y z e d  for their e le m e n t a l  

content by X -ray f l uo rescence. S e l e c t e d  g lass fiber TSP filters were  

a n a l yz e d  for their o r g a n i c  and el e m e n t a l  c a r b o n  content by a p y r o l v s i s -  

flame i o nization procedure. S o u r c e  c o n t r i b u t i o n s  were q u a n t i f i e d  using 

c h e m ic a l  mass b a l a n ce  r e c e p t o r  m o d e l i n g  procedures.

E i g h t y - o n e perce n t  of the p a r t i c u l a t e  m ass c o l l e c t e d  by the d ic h o t o m o u s  

s ampl e r  was fine particles, most of w h i c h  w as  carbon. Sulfur was the most 

a b u ndant inorganic fine p a r t i c l e  spec i e s a c c o u n t i n g  for 2.62 of the fine 

p a r t ic l e  mass. Chlorine, Si, and Pb w e r e  als o r e l a t i v e l y  a b u n d a n t  fine 

p a r t ic l e  species. S i l i c o n  was the m o s t  a b u n d a n t  coa r s e p a r t i cl e  species 

(12.52) followed by Cl w h i c h  a c c o u n t e d  for 8.52 and Fe (3.2%). Silicon,

Cl, Ca, and Fe w e r e  m ore a b u n d a n t  in the c o a r s e  fraction, w h i l e  S, K,

Zn, Br, and Pb were e n r i c h e d  in the fine p a r t i c l e  fraction.

Sulfur and K are h i g h l y  c o r r e l a t e d  w i t h  the fine p a r t i c l e  mas s  and 

w i t h  each other. Lea d  is c o r r e l a t e d  w i t h  the fine p a r t i c l e  mass but less 

than S and K. Lead is also h i g h l y  c o r r e l a t e d  w i t h  Br.

The a v e ra g e  source c o n t r i b u t i o n s  are s u m m a r i z e d  in T able I and 

i l l u s t r a t e d  wit h  pie ch a r t s  s h o w n  in Figu r e s  I-VI.

i



T A B L E  OF C O N T E N T S  

- C o n t i n u e d -

H. El e m e n ta l  D ata for A m b i e n t  Fine P ar t i c l e  

D i c h o t o m o u s  Filt e r s  f r o m  J u n e a u

I. E l e m e n t a l D ata for A m b i e n t  C o a r s e  P a r t i c l e  

D i c h o t o m o u s  Filt e r s  f r o m  J u n e a u

J. I n d i vi d u a l  CM B  C a l c u l a t i o n  R e s u l t s  for J u n e a u  

Sites

K. CMB So u r ce  A p p o r t i o n m e n t  R e s ul t s  for T S P  Samples 

C o l l e c t e d  at the Floyd D r y d e n  School

L. C M B  So u r ce  A p p o r t i o n m e n t  R e s u l ts  for T S P  Samples 

C o l l e c t e d  at the Super Bear S h o p p i n g  Center

M. F ie l d  D a t a  Sheets for D i c h o t o m o u s  Filt e r s  

C o l l e c t e d  in J u n e a u

Vo l u m e

I

viii



Woo d smoke was r e s p o n s i b l e  for a b o u t  80% (30 u g / m 3) of the fine 

p a r t i c l e  mass. Tr a n s p o r t a t i o n ,  s e c o n d a r y  sulfate, and d i s t i l l a t e  oil 

are the o n l y  o ther fine p a r t i c l e  sources.

Soil and road d ust a c c o u n t s  for 80% of the c oa r s e  p a r t i c l e  fraction.

Hig h TSP e p i s o d e s  are u s u a l l y  the result of ei t h e r  h i g h  woo d smoke, 

h igh soil and road dust, or c o m b i n a t i o n s  of these two sources.
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W B U R N

77%

D S T O I L  1.2% 

M A R I N E  0.5%

U n e x p l a i n e d  3.4%

DUST 0.8%

Figure III. Pie chart of p e r c e n t  so u r c e  c o nt r i b u t i o n s  to fine p a r t i c l e  mas s  

m e a s u r e d  at the S uper B e a r  m o n i t o r i n g  site.

Figure IV. Pie chart of percent source contributions to coarse particle

mass measured at the Super Bear monitoring site.
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F igure I. P i e  chart of p e r c e n t  so u r c e  c o n t r i b u t i o n s  to fine p a r t i c l e  m a s s  

m e a s u r e d  at the F l o y d  D r y d e n  sc h o o l m o n i t o r i n g  site.

Figure II. Pie chart of percent source contributions to coarse particle mass

measured at the Floyd Dryden school monitoring site.
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F i g u r e  V. Pie chart of p e r c e n t  so u r ce  c o n t r i b u t i o n s  to fine p a r t i c l e  m a s s  

m e a s u r e d  at the L e m o n  C r e e k  m o n i t o r i n g  site.

Figure VI. Pie chart of percent source contributions to coarse particle

mass measured at the Lemon Creek monitoring site.
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PURP O S E

This investigation w a s  c o n d u c t e d  in o r d e r  to evaluate the w a t e r c u a li t v  o f  

selected lakes located w i t h i n  the b o u n d a r i e s  of the Kenai Peninsula. Of 

particular interest was the c o l l e c t i o n  of  p a rametric data that would 

determine the presence or absence of acid rainfall. The area under study 

w a s  the Kenai industrial complex and s u r r o u n d i n g  public lands.

The planned expansion of the Kenai Te s or o  refinery, together w ith the 

existing industrial complex, have r a i s e d  que st i o n s  regarding potential 

impacts upon the Kenai Na t i o n a l  N oose Range. Of concern are the levels of 

sulfur dioxide and ox i d e s  of n i t r o g e n in ambient air and impacts, if any, 

caused by those p o llutants on ne a rb y  a q u a t i c  and terrestrial environments.

I NT R O D U C TI O N

Through the combustion of fossil fuels, sulfur dioxide and oxides of nitroc 

are emitted into the atmosphere. As these gases react with w a t e r  v a p o r  and 

rain, sulfuric and n i t r i c  acids are formed. Power plants, home oil furnace 

automobiles and r e f i n e r i es  - in fact a n y  proc es s  that oxidizes fossil fuels 

can contribute to a m b i e n t  levels of s ul f u r  dioxide and nitrogen oxides.

A c i d  precipitation in the form of rain, snow, hail, sleet, fog or dew is 

considered to have a p H  of less than 5.6(1). A pH of 7.0 is considered to 

be neutral. The i n t e r n a ti o n a l  pH s ca l e  is logarithmic; each w h o l e  n u m b e r  i 

a factor of ten larger than its p r e c e e d i n g  value. Precipitation in reiaziv 

clean air will have a n  ap p r o x i m at e  p H  of 5.6. Rain is slightly acidic 

normally because a tm o s p h e r i c  ca r b o n  d i o x i d e  is soluble in w a t e r  and forms a 

dilute solution of c a r b o n i c  acid. This in turn dissociates to form bicarrc 

and carbonate ions v i a  the f o llowing equilibrium:

C O 2 (gas) C 0 2 (solution)

CO-, (solution) + H 2O h 2 c o 3
H 2 C 0 3 H C O 3 + H+

H C O 3"  — •• C 0 3 2~+ H+

Aci d deposition onto the earth's surf a ce  has a net cumulative effect. It 

results frcm a complex mixt ur e  of d i s s o c i a t e d  acidic and basic substances. 

The deposition of these s u b s t an c e s  ma y  resu l t  from dissolution in the 

precipitation itself, and is re f e r r e d  to as "wet deposition". Or it ma y  

result from the "dry d e p o s i t i o n "  of p a r t i c u l a t e  matter - smoke - through 

gravitational settling, im p action of p a r t i c u l a t e  aeresols and/or absorbticr. 

or adsorption of gases. In nature, bot h  d e p o s it i o n  processes are u s u a l l y  a 

work, to varying degrees.

The effects of atmospheric deposi t i o n  upon freshwater aquatic ecos ys t e m s  ha 

been well documented in the S c a n d a n a v i a n  c o untries and Canada (5). Althcug 

not as comprehensive, d at a  is a v ailable that shows increasing acidity in la, 

and streams predominately in the N o r t h e a s t United States (6,3). This sicua 

places stress upon the bi o t a  of an aqua t i c  ecosystem, especially fish. Aci 

rainfall can mobilize h e a v y  metal ions, d e crease carbonate alka l i ni t y  and h 

buffering capacity, and increase nitr a t e  and sulfate concentrations (1 ,6 ).

W i n d  is the mechanism b y  w hi c h  the source of acid rainfall is transported. 

Atmospheric deposition can o ccur a c o n s i d e r a b l e  distance frcm the emission

1



source. It has been sug g e s t e d  t h a t  a t  l east a p o r t i o n  of the acid rain found 

in Europe ma y  o r iginate from the large N o r t h e a s t  cities in the United States.

Du r i n g  the w i n t e r  aci d  p r e c i p i t a t i o n  m a y  a c cu m u l a t e  in the form of snow.

Du r in g  spring thaw, acid m e l t  w a t e r  can surge into the aquatic e c o s y s t e m  in 

a short time. Unless the n a t u r a l  b u f f e r i n g  capaci t y  of a lake or s t r e a m  can 

n e u t r a l i z e  the h y drogen ion a c t i v i t y  of the m e l t e d  snow, a s i g n i fi c a n t  d e c r e a s e  

in p H  can occur. This acidic c o n d i t i o n  stress e s  the a q u a ti c  biota. A  su b­

stantial change in pH m a y  p r o v e  t o x i c  to e m e r g i n g  biota.

D E S C R I P T I O N

The Kenai indus t r ia l  c om p l e x  is l o c a t e d  on the w e s t  side of the Kenai 

P e n insula a long C ook Inlet (See Figs. 1,2). It is appro x i m a t e l y 8.5 m iles 

n o r t h of Kenai, Al a s k a  and s i t u a t e d  a l o n g  N o r t h  Kenai Road. The c o m pl e x  

inclu d e s  the f o llowing industries:

1. C o l l i er  A m m o n i a  an d  U rea Plant.

2. P h i llips M a r a t h o n  L i q u i f i c at i o n  Facility.

3. Te s o r o  Refinery.

4. S t a n d a r d  Re finery.

5. C h u g a c h  P o w e r  Plant.

The Kenai Na t i o n a l  M oose Range lie s  e a s t  of the Tesoro R e f inery with  its 

c l o s e s t  b o u n d a r y  a p p r o x i m a t e l y  6.5 m i l e s  due east. Betw e e n  the indus t r i a l  

c o m p l e x  and the Moose Range lies a s t r i p  of land u t i l i ze d  for residential, 

comme r c i a l  and u n d e v e lo p e d  s t a t e / m u n i c i p a l  p u b l i c  lands.

F i g u r e  3 shows the ap p r o x i m a t e  w i n d  d i r e c t i o n s  du ri n g  1977 in per cent of 

m o n t h  units for the K enai area (10). P r e v a i l i n g  win d  d i r e c t i o n s  for Kenai 

b a s e d  on a n i n et e e n  yea r  r e c o r d  (pre-1970 data) d e p i c t  a n o r therly d i r e c t i o n  

d u r i n g  the fall, w i n t e r  and sp r i n g  m on t h s  and a s o u t h e r l y  d i rection in the 

summer. Apparently, this is r e l a t e d  to a w i n d  c h a n n el i n g  effect of the 

inlet (7).

The m a x i m u m  p r e c i pi t a t i o n  p e r i o d  in the Kenai area usually occurs b e t w e e n  

June through Octo b e r  w i t h  a m a x i m u m  of 3.6 inches in Sep t e m b e r  (7).

The surrounding terrestrial e n v i r o n m e n t  is t y p i ca l l y  flat and forested 

p r e d o m i n a t e l y  w i t h  spruce, birch, and aspen. F o r e s t  and wetlands are the 

d o m i n a n t  ecotypes of the study e n virons. A n e t w o rk  of g l a c i a l l y  formed 

p o t h o l e  lakes, bogs, i n t e r c o n n e c t i n g  stre a m s  and the Kenai River p r o v i d e  

aqua t i c  di v e r s i ty  to the area.

M E T H O D S■ t
In o rder to det e r m i n e the effe c ts  of i n d u s t r y  upon lakes surrounding Kenai 

and w i t h i n  the Kenai Natio n a l  M o o s e  Range, w a t e r samples w ere taken from 

several lakes and one st r e am  d r a i n a g e  in the study area. Sampling lo c ations 

w e r e  selected on the basis of a c c e s s ib i l i t y ,  preva i l i ng  wind direction, 

d i s t a n c e  b oth from the i ndustrial c o m p l e x  and from Te s or o  A l a s k a’s m odel of 

a m b i e n t  N O 2 c on c entrations (9).
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For this study, S cout Lake was d e s i g n a t e d as an expe r i m e n t al  control. Th 

lake was selected in the same m a n n e r  as the study lakes except that Scout 

was expected to be least impacted by the industrial development. Scout 

Lake is a p p roximately 20 m iles south - s outhwest from the Tesoro refinery 

and about one q u a r t e r  m i l e  south of the S t e rling Highway. The lake is 

reasonably isolated from the high w a y be vegetation. T here is no o b s ervab 

inlet or ou t l et  stream and the w e s t e r n  half of the lake is predo m i na t e l y  

muskeg. There are two residential sites at the s o u t h w e s t er n  tip of the 1 

and a public ca m p g r o u n d  along the n o r t hw e s t e r n  shore. F l o a t  plane facili 

were ^Iso visible at the west e r n  tip of the lake.

Five lakes and on e  creek w e r e  selected as the study lakes:

1. Bern i c e  Lake - located 0.5 miles north of the Tesoro refin

Bern i c e  has m u s k e g  bog d ra inage into an out 

stream.

2. Island Lake - located 2 to 3 miles n o r th e a s t  o f  the Tesor

refinery. No ap p a r e n t  st r e am  drainage.

3. Daniels Lake - located a bout 6 to 8 m iles nort h e a s t  of the

refinery. This lake has both an inlet ar.d 

out le t  stream.

This lake is located 4 m iles s outh by south 

of the Tesoro refinery. Inlet and outlet 

dra in a g e s  are visible.

located about 20 m iles of the refinery

lake is situated wi t h i n the Kenai National

Range along the Swanson River Road apprcxim 

1‘J m iles north. This lake has an outlet st 

but no ap p arent inlet stream.

located 10 miles east b y  n o r t h e a s t  of the T 

refinery. This stream was sampled wh e r e  it 

intersects the North Kenai Road. A gauging 

w as in place about 150 yards d o wn s t r e a m  frc 

sampling site.

For additional i n f o r m a t i o n  related to these samplinq Locations refer to t 
A p p e n d i x .

Transportation to and from the sampling l o c a t’>  .s was arranged through

c ooperation wit h  the Al a s k a  D ep a r t m e n t  of Fisn and Game, Sport Fish Divis

in Soldotna. F i e l d a s s i s ta n c e  involving manpower and some equipment was 

a rranged through c o o pe ration with both the US Fish and W i l dlife Service - 

F ishery R es ource Center in Kenai and the Alaska D e partment of Environment 

Conservation F ield Office in Soldotna.

Water samples w e r e  acquired with the use of an 8 foot Zodiac infl at a b l e  b 

and a 16 foot skiff and o u t b o a r d  motor, depending upon circumstances. 

However, the skiff had disti n c t  advantages. Goo d  access was a v ailable at 
sampling locations.

4. -Lower Salam a n t o f  

Lake

5. Rain b ow  Lake

6 . BishoD Creek



T he f o l l o w i n g  parame t e r s,  s a m pling m e t h o d s  and  a n a l y s i s  w e r e  employed:

P A R A M E T E R S A M P L I N G

M E T H O D

A N A L Y T I C A L

M E T H O D

W a t e r  t e m p e r a t u r e  

D i s s o l v e d  O x y g e n  

pH

C a r b o n a t e  A l k a l i n i t y  

Color

T u r b i d i t y

T o t a l  Non F i l t e r a b l e  

Resi d u e  d r i e d  @ 1 0 3 - 1 05 C

Nitr a t e

Sulf a t e

H e a v y Me t a ls

In Situ 

In Sit u  

On Site 

On Site

G r a b  @ s u r f a c e 

V a n  Dorn Bo t t l e  

is Depth

G r a b  @ s u rf a c e  

Va n  D orn Bo t t l e  

@ Depth

G r a b  @ surf a c e  

V a n  Dorn B o t t l e  

@ Depth

Gra b @ surf ac e  

V a n  D o r n  B o t t l e  

@ Depth 

R e f r i d g e r a t e d

G ra b  @ surface 

Van D o r n  Bot t l e  

@ Depth 

R e f r i d g e r a t e d  

F r o z e n  at 

l a boratory

G r a b  @ surface 

Va n  D orn B o tt l e  

Sam pl e  @ D epth 

R e f r i d g e r a t e d

G r a b  0 surf a c e  

Va n  Dorn Bottle 

@ D epth 

R e f r i d g e r a t e d

YSI Model 57 D.O. Meter

YSI M o d e l  57 D.O. M eter

O r i o n  M o d e l  407 A Ionalyzer

EP A  M e t h o d  310.0 titration 

to pH 4.5 end p o i n t

L a b o r a t o r y  - S t a ndard 

M e t h o d s

L a b o r a t o r y

M e t h o d s

L a b o r a t o r y

M e t h o d s

Standard

St a ndard

L a b o r a t o r y  - S ta ndard 

M e t h o d s

Ma n u a l  C a d m i u m  Reduction; 

EP A  M e t h o d

B a r i u m  sulfate 

t u r b i di t y  met ho d

G r a p h i t e  furnace AA. See 

See T a b l e  3 w h i ch  includes 

l o w e r  limits of de t ection 

and m e t h o d  for each parameter

Sa m p l i n g  d e p t h s  v a r i e d  w i t h  the m a x i m u m  d e p t h  of each  lake* Sample stations 

w e r e  u s u a l l y  l o c a t e d  at two sites for each lake, r o u g h l y  in the ce n t e r  of 

each lake half. However, k n o wl e d g e  of b a t h y m e t r y  h e l p e d  d e t e r m i n e  at least 

one s a m p l e  s ite for each lake. Due to the e x t r e m e  s h a l l o w n e s s  of lower 

S a l a m a n t o f  Lake, four stations w e r e  samp l e d  at de p t hs  of zero and one m eter 

w i t h  the l ake q u a r t e r e d  and each sampling s t a t i o n  l o c a t e d  r o u g h ly  at the center

4



of  e a c h  q u a r t e r .

Bishop Creek was sampled at a cross section located a p p r oximately 150 vard 

above the gauging station. This stat i o n  is located on the southern side c 

the North Kenai Road w here it i n tersects Bishop Creek. Flow was e s timated 

using the "floating object method". It is b el i e v e d  that the creek is 

r e p resentative of its d r a inage b a s i n  w i t h  respect to water quality.

All s am pling was per f o r m e d betw e e n  S e p te m b e r  4, 1980 through S e ptember S, 
1980.

RESULTS

The results of this study are t a b u l a t ed  on Tables 4 through 10. Analysis 

for a n t imony and b e r r il y i u m  are p e n d i n g  r e c e i va l  of necessarv standard 

materials. All other d e t e r m i n a t i o n s  are complete.
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F i g u r e  4. E x i s t i n g  NO, C o n c e n t r a t i o n s  in the
' I m m e d i a t e  A r e a  o f  the T e s o r o  R e f i n e r y  

as P r e d i c t e d  b y  C O M  ( B a c k g r o u n d  l e v e l  
i n c l u d e d )



TABLE 1

Prevailing W i n d  D i r e c t i o n  for Kenai b y  month, b a s e d  on 19 year l e n g t h  of 

record (pre-1970 data). From: C L I M A T O L Q G I C A L  DATA S U M M A R Y ; Dept, of
C o m m e r c e , E S S A - E n v i r o n m e n t a l D ata Service.

J a n . NNE Jul y SSW
Feb. N A u g u s t S
March N Sept. N
April N Oct. N
May N N o v . NNE
June s s w Dec. N N E

June - O c to b e r  - M a x i m u m  p r e c i p i t a t i o n  period.

S eptember m e a n  for 19 y e a r  le n gt h  of r e c o r d  = 3.6 inches.

Annual mean hour l y  w i n d  s p e e d ' b a s e d  on 19 yea r  length of rec o r d  = 6.6 M.P.H.



T A B L E  2

APPROX I M A T E W I N D  D I RE C T I O N S  

F O R  KENAI - YEA R  1977 

CLIMATIC ATLAS, V O L U M E  1 

GULF OF ALASKA - 1977

AP P R O X I M AT E WIN'D D I R E C T I O N S - % OF M ONTH

W NW c a l :N NE E SE S SW

Jan. 2 2 36 6 ■k * 4 * * i s

Feb. 37 30 ★ k 5 k ★ * 14

March 38 22 ■k k 6 k * 7 11
April 29 17 6 5 9 9 * 8 12
May 17 13 7 7 15 18 5 6 10
June 9 8 ★ 7 . 24 29 5 ★ Q

July 8 5 ★ 8 28 29 5 ★ - 1
August 13 11 5 8 22 18 ★ k 15

Sept. 23 19 7 8 9 8 X 5 1 c

Oct. 30 25 8 8 6 * k k 1 5

Nc r. 29 •>5 8 5 • * * k k 1 4

D. c. 30 33 7 * * ■* k k 1 9

‘Denotes <5% of w inds f rom s p e c i f i e d direction.
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1 i

.

Parameter

of

Interest

Lower Limit 

of d e tection 

(mg/1 )

Lo\ Limit

of q u a n t i f i c a t i o n

(mar/1 )

m g / 1
Reporting

Interval

m g / 1
M C L

M e t h o d

Ag <0.0003 0.003 N D < T ra c e < 0 . 0 0 3 0.05 A A / H G A
As <0 . 0 0 1 0.005 ND < T r a c e <0 . 0 0 5 0.05 A A / H G A
Ba < 0 . 0 0 2 0.05 ND<Tr a c e < 0 . 05 1 . 0 A A / H G A
Cd <0 . 0 0 0 2 0 . 0 0 1 N D < T r a c e < 0 .001 0 . 0 1 A A / H G A
Cr <0.0007 0.005 N D < T r a c e < 0 .005 0.05 A A / H G A
F < 0 . 0 2 0 . 2 N D < T r a c e < 0 . 2 2.4 Electrochem.
Fe <0 . 0 1 0 . 1 N D < T r a c e < 0 . 1 0.3 A A / H G A
Hg <0 . 0 0 0 2 0 . 0 0 1 N D < T r a ce < 0 . 0 0 1 0 . 0 0 2 F l a m e l e s s  AA
Mn <0.0004 0.005 N D < T r a c e < 0 .005 0.05 A A / H G A
Na <0 . 1 0.03 N D < T r a c e < 5 .0 250 F l a m e AA
N 0 3 <0.05 1 . 0 N D < T r a c e < l .0 10 Cd  r e d u c t i o n
Pb <0.003 0.005 N D < T r a c e < 0 .005 0.05 A A / H G A
Se <0 . 0 0 1 0.003 N D < T r a c e < 0 .003 0 . 0 1 A A / H G A
Cu <0 . 0 0 1 0.005 N D < T r a c e < 0 .005 A A / H G A
Ni <0.003 0 . 0 1 0 N D < T r a c e < 0 . 010 A A / H G A
Zn <0.0005 0 . 0 1 0 N D < T ra c e < 0 . 0 1 0 A A / H G A
Mo <0 . 0 1 0 0.050 N D < T r a c e < 0 .050 A A / H G A
p o 4 <0.05 0.5 N D < T r a c e < 0 .5 C o l o r i m e t r y
C.O.D. < 6 . 1 25 N D < T ra c e < 2 5 D i g e s ti o nso4 <1 10 ND<Tra ce < 1 0 T u r b i d i t y
n h 3 0.03 0 . 1 0.0 3 < T r .< 0 . 1 E l e c trochem.
Cl 1 10 l < T r .<10 F l a m e  AA
K 0.05 1 . 0 0 . 05<1.0<1 F l a m e  AA
CA 0 . 1 5.0 N D < T r .<5 F l a m e AA
Mg 0 . 1 5.0 ND < Tr.<5 F l a m e  AA

12



D I S C U S S I O N  O F  R E S U L T S

S COUT LAKE

S c o u t  Lake was chosen as the control lake. Since it is located far from the 

industrial complex, it was expected to be less sub j e c te d  to ambient levels 

of sulfur d i o x i d e  and oxides of ni t r o g e n  g e n e r a t e d  from the refineries.

S c o u t  has no a p p a r e n t  inlet or outlet. It has a m a x i m u m  depth of 7.3 meters 

a nd surface area  of about 9.5 acres Scout Lake was found to be well 

oxyg e n a te d  h a v i n g  DO concentrations rangi n g  from 9 to 10 mg/1. It was also 

w ell thermally m i x e d  at the time of sampling. The pH of this lake was 

r e l a t i v e l y  low compared to others in this study, r a n g i n g  from 5.9 to 6.5.

S i m i 1 jrly ca r bonate alkalinity was found to be low - o n l y  5 to 9 mg/1 

exp re s s e d  as C a C 0 3 .

U n e x p e c t a n t l y , levels of 'color' in S c o u t  L ake w e r e  lo w  ranging from 5 to 10 

P l a t in u m  C o b a l t  Units (PCU). If this lake wa s  r e c ei v i n g  significant quantities 

of h umic or fulvic acids from d e c a y i n g  v e g e t a t i o n  as w as  assumed, it would be 

ex p e c t e d  to h a v e  the color of weak tea - f r o m  50 to 100 PCU.

T ur b i d i t y and total-non filterable residue (TNFE) w e r e  all quite low. Nitrate 

and sulfate w e r e  pres e n t  in trace q u a n t i t i e s  or less.

M a nganese f ound at 0.026-0.027 mg/ 1  was the o nly m e a s u r a bl e  metal parameter. 

T race q u a n t i t i e s  of arsenic, barium, cadmium, magnesium, sodium,’ calcium, 

nickel, zinc, and iron were a ls o  present.

BISHOP C REEK

A t  the p oint of sample collection, Bi s h o p  C r e e k  was a p p r oximately 6 meters 
w i d e  and a b o u t  1.3 meters deep. Flow was e s t i m a t e d  to be 4 to 10 CFS. The 

d r a i na g e  are a  for this creek is not known.

The s a m p li n g  site for Bishop C r e e k lies close to the terminus of the drainage- 

basin, just s o u t h of the North Kenai Road. This  creek provides drainage ftr 

a n u m b e r  of lakes and streamlets, i n t e r s p e r s e d  t hr o u g h o u t  the public and 

p r i v a t e  lands w e s t  of the Kenai National M o o s e  Range. Due to the large numrer 

of lakes and streams w hich u ltimately d i s c h a r g e  into Bishop Creek, one micht 

a ssume that the creek w ou l d  be re pr e s e n t a t iv e  of the overall drainage water 

quality. Naturally, the w ater qual i t y  of B i s h o p  Creek should provide a 

ge n e r a l i ze d  i n d i c a t o r  of w a te r  q u a l i ty  w i t h i n  its drainage.

Dis so l v e d  o x yg e n  was found to be 10.8 mg/1. pH at the 3ishop Creek sampl_ng 

s tati o n  was 7.1 and carbonate a l k a l i n i t y 25.6 raq/1. C o l o r  was quite high - 

45 PCU - as c o m p a re d  to Scout Lake. T u r b i d i t y  was 1.6 NTU and TNF E  was found 

to be 10 mg/1. Nitrate was b elow d e tectable limits and sulfate levels existed 

in trace quantities.

DANIELS LAKE

This lake h a s  b o t h  an o b servable inlet and outlet. It has an area of aicut 5 1 1 

a cres and a m a x i m u m  depth of 24.5 meters.

F ound to be w e l l  o xygenated in the upper levels, d i s s o l v e d  oxygen decreases 

w i t n  depth and ranges from 9.4 to 7.9 mg/1. A slight 1 C decrease in tem p­

erature was m e a s u r e d  from the surface to a 10 meter depth. It is suscectec

13
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that a depth of grea t e r  than 5 m e te r s  und e r g o e s  thermal s t r a t i f i c a t i o n  curing 

the summer w ith a s s o c i a t e d  low d i s s o l v e d  oxygen lev e l s  in the h y p o l i m n i on .

Fall turnover wa s  not c o m p l e t e  at the time of sampling.

The p H  of Daniels Lake was s o m e w h a t  hig h e r  than the o tner lakes r a n g i n g  from

7.7 to 8.1, w i t h  a c o r r e s p o n d i n g l y  h i g h  car b o n a t e  a l k a l i n i t y  r a n g i n g  frcn 19 

to 22 mg/1. C olor var i e d  from  10 to 15 PCU. Tu r b i d i t y  was low - 0.7 tu 1.1 

NTU. Values for T N F R  were found to be not d e t e c t a b l e  to 10 m g / 1  at stat i o n  

1-10 m e t e r  depth. This m a y  h a v e  r e s u l t e d  from b o t t o m  s e d iments b ei n g  

introduced d u r i n g  sampling. N i t r a t e  w as  0.05 m g / 1  and sulfate was not 

detectable, e x c e p t  in two i n s t a n ce s  w h e r e  it was found in trace q u an t i t i e s .

Trace q uantities of arsenic, barium, magnesium, sodium, ni c k e l  and z inc w e r e  

detectable in Dani e l s Lake. M e a s u r a b l e  q u a nt i t i e s  of m a n g a n e s e  an d  c a l c i u m  

were found. One instance of zin c  e x c e e d i n g  trace q u a n t i t i e s  w a s  also 
determined.

RA I N B O W  LAKE

Rainbow Lake occupies 170 s u r f a c e  acres w i t h  a m a x i m u m  d epth of 7.6 meters.

It is thermally h omogenous w i t h  t em p e r a t u r e s  v a r y i n g  only from 12.0 to 12.5 C. 

Dissolved o x y g e n  was found at levels of 10.4 to 10.6 mg/1. p H  ra n g e d from

6 , 6  to 6.9; ca rbonate a l k a l i n i t y  7.4 to 8.0 rag/1.

The water of R a i n b o w  Lake was  m o d e r a t e l y  colo r e d  - 15 to 20 PCU; t u r b i d i t y  

w a s  0.8 to 1,7 NTU and T N F R  fround from not d et e c t a b l e  to 10 mg/1.

N itrates wer e  b e l o w  d e te c t a b l e  limits 0.05 mg/1. T r a c e’quant i t i e s  to less 

than 10 m g / 1  of sulfate w as  m e a s u r e d  at b o t h  the 2 m eter d e pt h  s a m pling 

stations.

Trace quantities of magn e s i u m ,  sodium, c a l c i u m  and nickel w e r e  detected.

Trace q u a n t it i e s  of b a r i u m  and i r o n  w ere p r e s e n t  at the 4 m e t e r  d e p t h  of 

s tation nu m b e r  one. M e a s u r a b l e  q u a n t i t i e s  o f  m a n o a n e s e  and zinc w e r e  
' “*-ermittently detected.

I SLAND LAKE

Island Lake covers 268 surf ac e  a cres and has a m a x i m u m  depth of 9.5 meters. 

Lake temperatures found i n f e r r e d  t h a t  it is w e a k l y  t h ermally s t r a t i f i e d  

d uring the summer months, at least at station 9-2. T e m p e r a t u r e s  wer e  14.0 C 

at the surface to 13.3 C at depth. D i s s o l v e d  ox y g e n  decli ne d  b e l o w  5 meters, 

ranging from 9.7 to 9.0 mg/1.

p H  ranged from 6 . 6  to 7.8 and g e n e r a l l y  d e c r e a s e d  w i t h  depth. C a r b o n a t e  

alkalinity d e c l i n e d  similarly, r a n g i n g  from 8 to 11 mg/1. Color was 

m o derately low, ranging from 10 to 20 PCU. T u r b i d i t y  ranged from 1.2 to 2.3 

N T U  and T N F R  w e r e  either n o n - d e t e c t a b l e  o r  found at trace levels 10 ma/1. 

Nitrate was b e l o w  d e t e c t a b l e  limits. S u l f a t e  likewise was, for the m o s t  part, 

b e l o w  detec ta b l e  limits.

Measurable q u a n t i t i e s  of m a n g a n e s e  wer e p r e s e n t  w i t h  occa s i o na l  m e a s u r a b l e  

q u antities of barium, cadmium, ni ck e l  and zinc present. Trace q u a n t i t i e s  of 

barium, magnesium, sodium, calcium, zinc and  iron w er e  also identified.
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Bernice Lake has a surface area of 134 acres and a m a x i m u m  depth of 3 me 

It is located a p p r o x i m a t e l y  by occasional residential lots, a pu t li e  cam 

ground and a hxg'nway at the southern end.

Results for the S e p t e m b er  sampling period indicate t emperature hcm.ocenei 

with temperatures ranging from 11.5 to 12.0 C. Dis s o l v ed  o x y g e n  rancec

7.6 to 8.7 mg/1. pH  was somewhat low ranging fro m  5.1 to 5.3, carbonate 

alkalinity w a s  l i k ewise low ranging from 8 - 9  m g / 1 .

Color was high - 30-45 PC U  - indicating the p o s sible p r e s e n c e of humic a 

fulvic acids. Bernice Lake exemplified shallow, b o g g y  like conditions w 

much littoral v e g e t a t i o n  present. Somewhat more turbid than the other 1 

studied, turbidity v a r i e d  from 1.7 to 2.5 NTU. T N F R  results wer e found 

non-detectable to 10 mg/1. W i nd y  conditions ma y  have cau s e d  disturbance 

mixing of b o t t o m  s e diments from increased circulation, as wel l  as w a v e  a 

p resent along the s horeline areas, resulting in g e n e r a l l y  h i g h e r  residue 
levels.

Nitrate was found in trace quant i t ie s  ( 1 ma/1) and sulf a te  was either r. 

detectable or trace quantities.

Manganese, c a l c i u m  and iron w ere prese n t  in me a s u r a b l e  quantities. Cthe 

metals present in trace amounts were arsenic, barium, magnesium, sodium, 

zinc.

L OWER SALAMANTOF LAKE

Lower S a lamantof Lake is an extremely shallow lake, w i t h  a m a x i m u m  depth

1.2 meters an d  a surface coverage of 100 acres. It has bot h  an cbservab 

inlet and an outlet. Much  of the lake is surr o u n d ed  by boggy areas of 1 

vegetation. A p p r o x i m a t e l y  one quarter of the lake was d e n s e l y  populated 

aquatic vegetation. There are a few r esidential sites along its shcreli 

and several fl o a tp l a n e s  w ere m o o r e d  along its banks.

Water temperature ranged from 10.0 to 10.5 C, no thermal stratifiration 

evident. Quite w e l l  oxyg en a t e d  due to its shallow depth, levels of 20 r 
from 11.2 to 11.5 mg/1. pH ranged from 7.3 to 8.2 wit h  car b o na t e  alkali 

ranging from 12.0 to 15.6 mg/1.

Color varied w i d e l y  from 5 to 120 PCU. The high color d e t e r m i n a t i o n  was 

present at stat i o n  2-1 meter depth. This was p r o b a b l y  a result of xntrc 

bottom sediments into the sampler. Aquatic v eg e t a t i o n  m ade sampl i n g  did 

The arithmetic m e a n  for color was approximately equal to 40 PCU, excludi 

suspected sample. A g a i n  this tends to indicate the p r e s e n c e  of orcanic

Turbidity va l u e s  ra n g e d  from 0.6 to 2.1 NTU. Again p o o r  sampling t< r.i 

w er e  responsible at station 2 - 1  m e t e r  depth y ie lding a re s ul t  of 21 . rU, 

to bottom s e d i m e n t  disturbance. Station 4-1 m e t e r de p t h  had a turbidity

7.1 NTU which p r o b a b l y  resulted from similar disturbance. T N F R  data ran 

from non-det e c ta b l e  to 30 mg/1. Excluding the stat i on  2-1 datum, all 7 N 
levels were less than 10 m g / 1 .



N i t r a t e  was found to be b e l o w  d e t e c t a b l e  levels. Sulfate a n a lysis y i e l d e d  

trace quantities. However, s t a ti o n  2-1 m e t e r  y i e l d e d  levels of 11 mg/1, 

p r o b a b l y  due to b o t t o m  s e diment d i s t u r b a n c e .

T r a c e  q u a n t i t i es  of arsenic, barium, cadmium, m agnesium, sodium, nickel and 

z inc w e r e  found. M e a s u r a b l e  q u a n t i t i e s  of mangan e s e ,  c a l c i u m  and iron w e r e  

als o present.

A N A L Y S I S  O F - p H  AN D  C A R B O N A T E  A L K A L I N I T Y  DAT A

T h e  fol l o w in g  table lists the a v e r a g e  p H  a n d  c a r b on a t e  of each lake 

investigated. A pp r o x i m a t e  d i s t a n c e s  a n d  d i r e c t i o n s  fro m  the Kenai Tesoro 

R e f i n e r y  are s p e c i f i e d  in the r i g h t  hand_ column:

W A T E R  BODY p H m g / 1
C A R B O N A T E  

A L K A L I N I T Y  A  
P*

A P P R O X I M A T E  

D I S T A N C E  A N D  

D IR E C T I O N

B i s h o p  C reek 7.1 25.6 3 ^ 11 m i l e  ^ . E .

D anie l s  Lake 7.9 2 0 . 8
“S •J, ̂ 7 m i l e  N. E.

L o w e r  S a l am a n t o f  Lake 7.7 1 4.1 /.c 4. 5 mil e S.

Island Lake 7.0 4.4
n ■>
 ̂ v'* 1 .5 m i l e N.E.

B e r n i c e  Lake 6.3 8.4 : 0 .5 mil e N.

Rain b o w  Lake 6.7 . 7.6

i * 
/. 19 .5 mile> ./ .£

S c o u t Lake 6 . 2 6.5 2 1 m il e  S
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C O N C L U S I O N S

1. With the e x c e pt i o n  of S c ou t  and Bernice Lakes, none of the lakes or

streams exceeded AWQS for pH. In the case of Scout and Bernice, no

hypothesis is p r o p o s e d  to explain w h y  either lake is s l i g h t l y lew in 

pH and carbonate alkalinity. There is no evidence to det e r m i n e  that 

it is either a natur a l  occur r e n c e  or a result of p a n' s  activity. The 

pH of these two lakes is not p a r t i c u l a r l y  low nor w a s  any e v i de n c e  

found to indicate e n v i r o n m e n t a l  degradation. Bernice Lake is hig h  in 

color indicating the p r e s e n c e  of h u m i c  or fulvic acids. S co u t  Lake ' 

was the farthest lake fro m the Kenai industrial complex. It gave the

lowest pH of any lak e  m e a s u r e d  and yet was low in color.

2. No general p a t t e r n  was e s t a b l i s h e d  that relates lake pH to d i s t a n c e  

from the i n d u s t r ia l  complex. We di d  no t  accumulate s u f fi c i e n t  caca 

to establish this relationship, if indeed, one exists.

3. If acid rainfall is o c c u r r i n g  as a result of industrial activ i t ie s

on the Kenai Peninsula, it w a s not found with this study. It is

possible that we may have s e l e ct e d  lakes to close to the p o t e n t i a l  

source. That is, p l u m e s  of N0X and SOg - if they e xist in 

concentrations to be of c o n c e r n  - ma y  b ,  w i ndblown at high altitudes 

well outside the study area. Perhaps a cid rainfall is occurring, but 

the natural b u f f e r i n g  c a pacity of the ec o s ys t e m  under e x a m i n a t i o n  is 

ameliorating its effects. Levels of nitr a t e  and sulfate found in the 

w ater column w ere no t  unusual; however, this is hardly conclusive.

These param e t e r s  are e i t h e r - p a r t  of the n u t rient cycle or i n c o r p o r a t e d  

into lake sediments. Therefore, an excess source of either nitrate

or sulfate from a m b i e n t  air m a y  n o t be m e asurable until the p a t h w a y s  

incorporating th e m  be c o m e  upset or overloaded.

4. At the time of this study, the lakes w e r e  found to be w ell o x y g e n a t e d

and low in car b o n a t e  alkalinity.. They w e r e  low in nitrate, sulfate,

turbidity, and TNFR. C o l o r  was found to be moderate s u g g e s t i n g  the 

presence of o r g an i c  acids. T race qu a n t i t i e s  of arsenic, barium, 

magnesium, so d i u m  and zinc were encountered.

5. Scout Lake p r o v e d  not  to be an adequate control. The lake that is used

for a basis of c o m p a r i s o n  wi t h  the study lakes must be located a way frcm

human activity, p r e f e r a b l y  in a remote location, with simi l a r  l i t h o l og y  
or in the same watershed.

R E C O M M E ND A T I O N S  F O R FUTURE WOR K

1. Future studies w i l l  be made on rainfall and snowfall to dete r m i n e  levels 

of pH, nitrate a n d  sulfate. M ore di r ec t  conclusions can then be reached 

concerning the i n p ut  from a m b i e n t  levels of N 0 X and S 0 2 . Some of these 

sites will be s e l e c t e d  for long term studies.

2. Long term seaso n a l  studies should be undertaken including a d d i ti o n a l

lakes, both in the immediate vi c i n i t y  of refineries, as we l l  as lakes 

at greater d i s t a nc e s  from the m  than this study.

3. The quantities and effects of orga n i c  acids should be i n v es t i g a t e d  to 

determine their role in co n t r o l l i n g  lake pH in the Kenai Peninsula.

17



4. A fixed a m b i e n t  air m o n i t o r i n g  site w i l l  be e s t a b l i s h ed  on the Kenai 

P e n i n s u l a  to d e t e r mi n e  levels of No.{ a n d  S 0 2 . This site will assist 

in d e t e r mi n i n g  the m a g n i t u d e  of a c i d  rainfall.
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