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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.
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(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

-  36 -



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

- 56 -



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
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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
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10
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D ATE  DATE
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0 5 / 1 2

2 2 4
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2 1 5
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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
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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
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ANO ADDR ES S

ANCHORAGE BOROUGH

METH
REP
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*
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0
TO 65

3 5

28
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AO

66
TO 1 3 0
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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 !
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1A

1 3 1  
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2 3 0 0
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0 2 / 2 3
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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.
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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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C 0.59 - 4.2 0.04 0.056 - - -

13.1 - 93 0.89 1 .2 — - —

3 L. C reek F 0.66 9.1 0.26 0.26 - 2.2 - —

3.1 43 1.2 1.2 - 10.4 — —

C 0.15 - 1.9 0.08 0.03 0.66 - —

6.0 - 76 3.3 1.2 26 - —

Fairbanks 4 N. School F 7.4 22 0.05 1.6 - 7.5 - _

17 49 0.1 3.6 - 17 - —

C 0.84 - 1.7 - - - 0.002 1.6
20 - 41 - - - 0.05 38

5 W.R. School F 3.0 12.3 1.2 l.l - l.l — —

14 57 5.6 5.1 - 5.1 - —

C 0.20 - 1 .26 - - - 0.004 0.57
10,5 66 0.19 30

* The. top number listed is the source c o n t r i b u t i o n  in pg/in3 , w h il e  the bot t om  number listed in the source 

c o n t r i b u t i o n  in p e r c e n t = of m ea s u r e d  mass. * TRANSP: T r a n sp o r t a t i o n,  WBURN: Wood Smoke, DUST: Road and 

soil dust, SULFATE: SO,, , DSTOIL: D i s t i l l a t e  oil smoke, RESIDU: Residual Oil smoke, COAL: Coal Fly Ash
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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.
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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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Table I

SUMM A R Y  O F  A V E R A G E  J A N U A R Y  AND FEBRU A R Y  SOU R C E  C O N T R I BU T I O N S *

City

Site

No. Site Name

Part.

Size

SO U R C E  C ON T R I B U T I ON *

TR A N S P W B U R N D UST SULFATE M A R I N E D S T O I L RESIDU. COAL

Juneau 1 F.D. School F 2.1 30 0.13 1.7 0.17 1.3 _

5.8 82 0 .36 4.7 0.47 3.6 - -

C 0.13 - 1.8 0.11 0.20 - - -

5.7 - 80 4.8 8.7 - - -

2 S. Bear F 3.9 27 0.29 2.1 0.19 0.41 - -

11.1 77 0.83 6.0 0.54 1.17 - -

C 0.59 - 4.2 0.04 0.056 - - -

13.1 - 93 0.89 1.2 - - -

3 L. C reek F 0.66 9.1 0.26 0.26 - 2.2 - -

3.1 43 1.2 1.2 - 10.4 - -

C 0 .15 - 1.9 0.08 0.03 0.66 - -

6.0 - 76 3.3 1.2 26 - -

Fairbanks 4 N. School F 7.4 22 0.05 1.6 - 7.5 - -

17 49 0.1 3.6 - 17 - -

C 0.84 - 1.7 - - - 0.002 1.6

20 - 41 - - - 0.05 38

5 W.R. School F 3.0 12.3 1.2 1.1 - 1.1 - -

14 57 5.6 5.1 - 5.1 - -

C 0.20 - 1.26 - - - 0 .004 0.57

10.5 66 0.19 30

* Th e top nu m b e r  listed is the source c o n t r i b u t i o n  in p g / m 3 , w h i l e  the b o t t o m  nu m be r  listed in the source 

c o n t r i b u t i o n  in percent of m ea s u r e d  mass. TRANSP: T r an s p o r t a t i o n ,  WBURN: Wood Smoke, DUST: Road and 

soil dust, SULFATE: SOi,- , DSTOIL: D i s t i l l a t e  o i l  smoke, RESIDU: Residual Oil smoke, COAL: Coal Fly Ash
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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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T A B L E  OF  C O N T E N T S

P U R P O S E ------------------- ------------------------------------- ----- 1

I N T R O D U C T I O N  ------------------------------------------------  1

D E S C R I P T I O N  ------------------- -----------------------------  2

M E T H O D S  -------------------- --------------- --------------- -- 2

R E S U L T S  ---------------------- --------------------- -------------  5

D I S C U S S I O N   --------------------------- -----------------------------  13

C O N C L U S I O N S  --------------------------- ---------------------  1 7

F I G U R E S --------------------------------------------------------------  6

T A B L E S ----------------------------------------------------------------- 10

A P P E N D I X --------------------------------------------------------------  20

PAGE

i



L I S T  O F  F I G U R E S

Figure 1: USGS Map of S tu d y  Area - - - - - - - - - - - -

Figure 2: USGS Map of S tu d y  Area

Figure 3: Land Use Ma p  of Kenai Industrial Complex - - -

Figure 4: Existing N O 2 C o n c e n t r a t i o n s  in the Immediate

Area of the Tesoro R e f i n e r y  as Predicted by 

COM (Background Level Included) - - - - - - - -

ii



Table 2: A p p r o x i m a t e  W i n d  Direct i o n s  for K enai - 1977,

by Perc en t  of M o n t h  - - - - - - - - - - - - - - - - - -  ll

Table 3: Inorganic C h e m i s t r y  Limits of D e t e c t i o n  for

the ADEC Doug la s  L a b o r a t o r y  an d  M e t h o d  Employed - - - - 12

Table 4: Water Q u a l i t y  Results for B e r n i c e  Lake on

September 6 , 1980 - 21

T a b l e  5: Water Q u a l i t y  Results for B i s h o p  C r e e k  on

September 6 , 1980 - 22

T a b l e  6 : Water Q u a l i t y  Resu l t s  for D a n i e l s  Lake on

September 5, 1980 - - - - - - - - - - - - - - - - - - -  23

Table 7: W ater Q u a l i t y  Resu l t s  for I s l a n d  L ake on

September 6 , 1980 - 24

T a b l e  8 : Water Q u a l i t y  Resu l t s  f o r  L o w e r  S a l a m a n t o f

Lake on S e p t e m b e r  8 , 1980 - - - - - - - - - - - - - - -  25

T a b l e  9: Water Q u a l i t y  R e s u l ts  for R a i n b o w  Lake on

September 4, 1980 - 26

Table 10: Water Q u a l i t y  Results for S c o u t  Lake on

September 7, 1980 - - - - - - - - - - - - - - - - - - -  27

L I S T  O F  T A B L E S

PAGE

T a b l e  1: P r e v a i l i n g  W i n d  D i r e c t i o n  fo r  K e n a i ,  by  M o n t h  - - - - -  10

i ii



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
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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
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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
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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.
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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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