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1.0 EXECUTIVE SUMMARY

In this study, a previously developed air quality modei-irg»‘-éytem' was

used ‘to evaluate the em1ss1ons reducL1ons necessary to s1mu]taneous]yimeet

vava11ab|e eng1neer1ng controls

-areas, the H1gh11ne !ore preparat1on p]ant) and the B 

With respect to the NAAQS there are two overr1d1ng factors;that'1n-71*7
fluence lead levels in the community. They are severe: mpteoro]og1ca1 co
ditions and severe emissions excursions. The former are due to comp]ex

terrain induced winds and thermal capping phenomena, periods of'eXtendédVﬂf”f°E  |



high pressure, and windblown soils. The combination of the seasonality of

these conditions and the NAAQS's quarterly averaging period results in a:f{:;d
most stringent standard. The summer contro] strategy requ1res reduc1ng oy
low-level smelter emissions and act1ve (storage p11es and roadways) and S
pass1ve (W1ﬂdb10wn) fugitive em1ss1ons outs1de tne complex The w1nte

_contro] strategy concentrates on m1d 1eve1 or b1ast furnace emlss1ons.;,+.

iItems 4 and 5 however' w111 requ1re an_1nvestment substant1:

' two sour"es are the same ones found to makelcompIIance:WTth occupat onal

vstandards 1mposswb1e and are the focus of th1s study in

The Blast Furnace upsets must be contro?led to have_any hope f'com--
pliance with either standard. The: 1eveI of rontrol necessary cou]d be
from 60-100% depending on the level of control achleved in thc HWgh]dne

area. The problem in the Highline area is complicatfed. Add ~on techno]og=

sufficient to achieve the NAAQS probably exists. However, that-woo]d~do_;.'

little to reduce occupational exposures in this area.



The most efficient strategy to achieve compliance with both standards

seems to be replacement of the Highline'process with'mOdern equipmentﬁthat; .

effectively eliminates fugitive 9m1ssvons ‘in this . area ThlS wou]d effec*?f;f

;occupat1ona1 cempliance and reduce the b]ast furnace em1sr1on red“ct1on

B requxred to around 60%.

o There is some .uncertainty. in. the results of th]c study The cm1<-ihfh_’”'

Moreover;: the sme]ter 1s ‘now.. shut down.~ G1ven

interest rates and expend1tures d1scussed 1n th]S e

t1ons 1n Blast Furnace em1551ons, 50 60% 1n H1gh]1ne emissions and offset
further reduct1ons through property acqu151t1on~ By simultaneousiy con-
-s1der1ng OSHA requ1rements th1s study shows »

_;and 20% of the b]ast furnace source red"r :héve been superfluous

'-'after requ1red 1ndustr1a1-°xposure 'efé accomplished. = The ¢cast
would have been significant. and wo 1d

tion to the problem. The methodo?ogy_,ou]d b

factors having interdependent effects;jaFor*examoie

area, hazardous materials risks assoc1ated with other mcta] _1n the a1r

and contaminated soils could be evaluated in the same con*ext as’ tn1s;fh_fh'”'

study. Other factors such as process efficizncy and productaon'1ncreasgs5:5_5~?

could be included. Such simultaneous evaluation of environmental concerns =



has great promise in finding the most effeﬁtivé=301ut>,v

most;éfficjent-eXpenditureSftb.COrrectvaiiuﬁﬁbhicéonbebebJémsf

s and making the




"~?rch11dren and pregnant women%has'con

2.0 INTRODUCTION

Lead pollution has been an important environmental 1ssue in- the G
United States for the last decade. A great dea] of research was conductedtmf.

{cancerning lead in the'home 1n foodstuffs the commun1ty and the

:fifnorkplace Ev1dence of the harmf ’ffects of 1ow 1eve1s of 1ead 1n':ﬁiﬁ“:’

1nued to accumu]ate Hea]th'problem:“’}’

'1n workers expoaed to h1ghﬁ eve,s ead has a]so been docum”

regulatory programs were enacte “n[response to th1s new 1nformat1o

content of pawnts consumeragoo

a1r and wate and 1n the workp1ace

Among those

-txon costs. At the sam time. manufacturers and consumers are 1oh"ﬂ”“
'a1ternat1ves tO 1eadv1n ducts' rh1s, and curren
'tglems has led to a- decreas' ,_Tdemand for 1ead |

'}SRecent1y, Gu]f Resources and Chem1ca1 Company of Housto

=f;ithese }conomzc d1ff1cu]t1es 1n announc1ng the 1ntended c]osure

'fiBunker Hlll Company 1ead/z1nc sme]terva E"q; Idaho That contro-xg
'ver51a1 fac1l1ty was the’ p11nc1pa1 source of he?nat1on 5 most severe
epidemic of environmental lead po1sonlhfz ﬂ”"331d»1970 5, S1nce that
time, the community and the smelter hagefbeéﬁitheySﬂbJeCt,Qf_SEVEFal
special studies and the focus of considerable pua1a¢gaﬁqfaaiéii£a1
attention. . . | i

In an attempt to keep the smelter operating, the adm1n1strators of

the Environmental Protection Agency (EPA) and the Occupatlona1 Safety and



Health Administration (OSHA) issued a ‘Joint agreement to suspend any lead -
‘related compliance . requlrements for th1s fac1]1ty for f1ve years. ;aihﬁe’,f-
: Regxona] off1c1als of both agenc1es dlSL]dlm any know]edge of the mechan— -

'"jslsms or 1nter1m measures that m.ght be employed in: executlng th1s morator- :i:

f .Vhfjum. However Idaho s congre351ona1 de]egat1on has assured the pub11c

' _'schedules w»]] be adupted

:-ejtures._ Many of those.'ources responszb]“

'.ﬁ_:;reduct1ons wnth espect to both standards

“-f[ cy of comp]1ance schedu1es

‘:e_‘phat al] hea]th ru]er w11] be comp]1ed w1th by the end of the f1ve years._m,-f'”

'7; fThds suggests that ,,hou?d the smelter restart some Iong term complxance |

In that event consuderab]e benefvts could accrue 1f thws company

'.efwere ab‘e to concurrent]y conswder pub11c and occupat1ona1 hea]th expend1- Sl

jﬂevels 1n theh

'._commun1ty env1ronment;uqve a]so been c:ted as hazardous in the workplace_ )[9fff

,fwaow]edge of Lhe,r s.mu}taneous

However prOJect1ng 1mpacts and exposure reduct1ons for fug1tdve

sources and upsets is. extremely d1ff1cu1ty ThEIF erratlc and unpre-

dictable strength and behavior makes mode11ng analyses espec1a11y un-:-.l”_?%*f'

“dependable. Moreover, the Silver Valley area’ surround1ng the Bunrer H]]Tr;f':3

Company has several pecu]1ar1t1es that make it a’ partwcular]y complex

modeling problem. Recognizing this, the State of Idaho and the,EPA W'. h;,, ¥



jsponso"ed a special- two year’ mode]1ng study of - 1ead awr po]]ut1on 1n the';;c;Jp}_
.c511ver Valley.-.= | S | |
WQrklng at Ya]e Un1ve"s1ty, Dr Ian von L1ndern, developed and

-h*:appl1ed a novel ana1y51s fechn1que to th1s area._ Through the use of

"-;:cartographwc mode]vng and emp1r1ca11y ana1y21ng two years of detawled

fy"c';were 1dent1f1ed An emp1r1ca1 dwspers1on mode] was then deve1oped and
""wcf_app11ed to all the lead sources the the S11ver Valley Possxb]e'source
lﬁuif;reduction scenar1os for atta1n1n9 the Nat‘D“a] Amb1ent A1r Qualmty

viicthtandard (NAAQS) were 1dent1f1ed and quant1f1ed’%

g udf'OSHA s occupat1ona1 standards for prlmary sme]ters

vsdata those factors most 1mportant 1n determ1n1ng 1ead levels 1n the_are

_tSome success wasfhadg

The ob’ect of*th



3.0 BACKGROUND
3.1 THE BUNKER HILL COMAPNY

The companyawas first'incorporated in 1887:a$-the‘8unker Hi]i andﬁ':f-
Su]]iyan M1n1ng and Concentrat1ng Company.- The present name was adoptedf:?

f{fﬁnr1956. The. corporate headquarters}and major operatlons are 1ocated in

a11y owned. and operated unt; ;

. -Keulogg, Idaho The. co'pany wa

~:thhen all outstand1ng stock; acqu1red by the Gu]f Resources

' a1 Company of ‘Houston, Texas S1nce that t1me 1t has been

’”heCompany of Amer1ca, a. Vlrgln1a ba

The. Bunker H]l] Company current]y co , ,_Qhas Interest in s1x

,m1nes that produce 1ead lver: and zinc. The:Kelloqg comp]ex 1nc1udes

"ﬁﬂ:~the m1nes, a m1l ' : tor, the 1ead sme]ter, e1ectroiytqc zinc

'._fgplant, ano a dry chv :éer p]ant The Bunker

'”_was orlglnally 1nvolved ] 1n the m1n1ng and concent

"r;ores from the Bunker H]ll M1ne., The f1rst concentr

vucted in 1886 The present concentrator was built

odern1zed through the years; 'Construct1on of :the Iead sme]ter

xie ommenced‘1n 1916 and the f1rst b1 TWas put on: 11ne Ju]y u,;i:
w1917 Prlor to that tlme, local concen 3atei were sent to the Tacomadr
smeﬂter in Tacoma,:wash1ngton. | o | |
The lead smelting process remainedaessentiallyctheaeahedthrough 19f
when the down-draft ore roasting operation was rep]aced by the updraft
sintering process and associated sulfuric acid recovery plant. At - about

the same time the blast furnace was extended to accomodate increased



'-'sulfur1c

'°ff; also added to th1s p:ant 1n'1

production rates. In 1977 a 710 foot stack was added to the complex to
facilitate pollutant dispersion.
The Bunker Hill Electrolytic Zinc Plant began production in November:

of 1928. Known then as the Su]]ivan'Mininq cOmpanyﬁiiﬁc Plant, it‘ﬁ&snthh“

first conmerc1a] refinery in this. country to produce 99. 99+% pur1ty z1

‘1he plant 1n1t1a11y had a capacxty:o“50 tons per day It was en]arged

:. },120 tons/day in 1937 and 160 tons/day‘ln'1943 A” add1t10na ivn‘t was

'nfadded in 1963 and’ the plant was f1na11y en1arqed to the’cu ntﬁéingt¢ns/_*ﬁf‘jgi

 --day 1n 1967 Su]fur1c ac1d p]ants were add tO'fHe zinc: comp]ex 1n tHe

“ear]v 1950 svand 1960 s to convert proces : :jox1de to hiqh_grade

,c1difor use Ain the'e"”

tro]ytlc process nBDO.foot

Tho maJor products arefu

lfur1c ac1d n1(ke1 phosphornus ac1d and fouzgﬁv
.'Approxwmately 3OC workers are currently employe
:ndur1ng the p]ant c]osure | |
3.2 'THE LEAD SMELTER PROCESS o

Ores and lead concentrate are‘iﬁpdfted'from:afonna'fn‘nw}fin{
concentrates are weighed and samp]ed-aS“they;arniQe. Lea&ﬁgda

about 85 percent by weight with varying amounts of trace metﬁ]é 1nc1ud1ng

zinc, cadmium, copper, silver, gold, arsenic, antimony, and blsmuth

Table 3.1 contains representative metals content ana]yses for sme]

products and concentrates. Figure 3.1 is a materials flow chart for’ﬁhe;_'



| i o Tab]e 3. 1 dree -
TYPICAL ASSAYS OF LEAD CONCENTRATES AND ORES (*source the Bunker ‘Hill Com pany)
aif'gg 0z/T %Cu %In %Sb %Cd XS

Material ‘_ Source'~;:vv % Pb

Concentrates B.H. Mine "”.-63.33 S | f; 43 80 ';72; 5,93 .43 .03 17.39

Jig Tailings B.H. Mill 250 - 1 36:  .;03”f .85 .04 .01 1.51

Flotation Tailings  B.H. M111"_ .8 W67 .05 .87 .03 .01 1.99

Zinc Residue B.H. Zinc Plant .88 .094 20,10 .60 i7.86 .10 .33 6.40

Zinc Dross B.H. Z‘”C P1antf]4.5i ffa ‘b087v kiiié3155 *'f?L3L‘ .1;04 a1 008 2.14
Scrap Lead B, H -Zihc Piéﬁﬁ;?k“':”. PRSI e R Tl N B

Concentrates |  NaSh‘ﬂ9t0n jﬁf; : ahin: 102 01 18.74
" . :;Mullan 1D o ;‘ﬁ'u_1;07  _f 04 14,66
" :"BUtke ID'i .18 .07 17.10

.55 .03 14,43

" e _ﬁwallacif;IDﬁfjf hH;”

n ;. ;§jBr1t Cojum::ﬁ"' ' '-';ngf' A1 19,07

e A : ' o
15,24
17.14

- ia.33

19.39
. f:iE,O1; ,

0T
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'1’.v'3 2 1 M1TT and Concentrate Handlvng
"-7op1ant They are drawn from storage and crushed 1n two. stages, reducwng

"_Vore 1s stored 1n Targe b1ns where 1t 15 drawn from and transported by

””5rated from the: proper]y gr0und ores and is: returned to the baJJ?m

smelter. Figure 3.2 is a map of the study area. It shows monitor loca- -
tions and the sme]ter'complex.‘ Details of the facility can be found in
computer map form in Appendix A. For the purposes of this study,: the leadff;f'”
smelter can be divided into six main process areas:
1. Miil and Concentrate;HandTTng:
2. Ore Preparation PTant'(HﬁghTine)
3. Sinter P]ant L

4, ‘BTast Furnace and Fum1ng Furnace o
5. Lead: and S1Tver Ref.ner1es

'6,'rMa1n Baghouse and Ac1d PTant _hfd

Ores from the m1n1ng operat1on are stored 1n b1ns at the crush1ng
:the mater1a1 from as Targe as 12 1nches to Tess than 1 1nch The crushed~

| vhconveyors to the baTT m1TTs The ba]l m1]15 contaln water and 40 tons of
steel=ba115 They rotate constantly and the crushed ore 15 pu]ver1zed by jw
' the tumb]1ng act1on of: the ba]]s to about the 512e of f1ne suqar Th1s

fnatey1a1 is: d1scharged to a cTa551f1er where over51zed mater1a1 1s sepa-,a'-.

Soda ash,'z1nC»sulfate, sodlum cyanlde ‘and sod1um 1sopropy1 zanthate are f{f
added in the ball mills to cond1t1on the ores for fTotatlon & The flne

material, 60% minus 200 mesh andeO% so]]ds, is then:pumpedatoﬁtheefTota :

tion cells.

The material is constantly stirred in the fTotation'ce]Ts'byhTarge;}f EERRE T

propellers and air is bubbled through the pulp. The lead bearing'

materials separate from the remainder and are skimmed off the surface of .
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b’:’preparat101 plant : The concentrates, crusher‘products

'-h'}ttheﬂ;pelletlzed and Carrted by conveyOr be]t to the

14

the tank as a froth. The remaining solution is further conditioned by

adding copper sulfate and lime, and is pumped to the zinc: f]otatlon ce1]s S

where the zinc bearing minerals are removed in a similar process
Both concentrates are then th1ckened by settl1ng and the sxurry 15
sent to vacuum filters where the: mo1sture content 1s reduced to about 7%

-and:12% in the lead and znnc concentrates respect1vely The concentrated}”.v

]process upgrades ores typ1ca]]y ranglng from 5 to 77 1ead to about165%
Iead 6% z1nc, and 40 ounces/ton of s11ver 1n the 1ead concentrate,_and
3t54% 21nc, 1. 5% Iead 6 ounces/ton s1]ver 1n the z1nc concentrate.;;d.““:F

3 3. 2 2 Ore Preparatlon P1ant (H1gh11ne)_t‘ s | »hlu
| Crude ores 11merock, s111ceous f]uxes and recycled downstream

?”products are stored together wwth the concentrates 1n~btns at the ore

bfreSIdues and granu]ated s ag are proport1onate]y combIned and thoroughly

'j leFd mechan1ca1]y on the floor of the bedd1nq pTant ThlS m1xture IS -

vznter plant The<P

a s11t 11ke mater1a1s are readlly suspendable and the H1gh11ne Area 1s a S

- s1gnif1cant source of fug1t1ve em1ss1ons Materua]s hand11ng transfer T{\

;__potnts and bu1ld1ng fans arefthe ch1ef sources of background part1cu1ates
in: the genera] plant area and 1ndoor 1ead 1evels 1n the ore preparatlon

:-plant are ser]ous occupatlonal exposures._ The pe11et dry1ng operation 1s "tf

a significant point source of part1cu1ate po]]ut1on Em1551ons from th1
area are generally about 30% lead 1n'avsu]£1de-form._t”
3.2.3 Sinter Plant

Pyrometallurgical treatment begins at the sinter p]ant.‘dThei7”'“7”'1?:”“”'

pelletized mixture is fed to the sinter machine as a contxnuous bed on a CLE e

large metal conveyor. After igniting the bed with natural gaS'thexsu,fnr-'-hf'V‘”'




",nace c]lnkers and are formed i

-, f“fthe p1ant Th1s”1s a br1ttle and abras1ve mater1a1 F1nes:product1on and;'f

' _~part1cu1ate em1ss1ons are assoc1ated w1th the combust1on process HandT-

vv_)pfmetallurg1ca1 coke are contlnuously fed 1nto the top of the col

:'ef Oxygen enr1ched a1r 15 blasted throuqh tuyers or ports Iocate
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in the ore burns off in a high temperature, self-sustained combustionx
reaction. After all the sulfur is consumed the sinter product continubus;;;j:_7'*
ly falls off the end of the sinter-machine conveyor. Th1s mater1a1 |
' cal]ed s1nter, is transported to the. 51z1ng bulldlng where the f1nes are:

co]]ected and returned to. the crush1ng p]ant The s1nter resemb]es fur- _Ee,y,,.

nto an agg]omerated porous mass necessary

.for proper b]ast furnace operatlon Chem1ca11y, most of the 1ead has been;f't e

".transformed from 1ead suf1de to 1ead oxude S1nter is about 60% 1ead by

3?'we1ght

S1nter 1s stored 1n b1ns 1ns1de the p1a“ 7nd 1n ]arge plles outs1de

rslng the return f1nes has Cin the past been a severe source of both 1ndoo

: iand genera] p]ant exposures Although there has been cons1derable _ﬂf

;»1n'the s1nter p]ant over the 1ast f "years, background ]ead"

'?]evels remaln h1gh

'-f3 2. 4 B]ast Furnace and Fum1ng Furnace

3“Ji The b]ast furnace is. a large water Jacketed chlmney S1nter and

o bottom ~This air supp]les the oxygen necessary to burn the cokeluf”'”'"

eturn melts the sinter and also prov1de< the carbon to reduce the 1ead”..
ox1de to metallic lead. The molten lead f]ows to the bottom of the
furnace where it is continucusly tapped off as" bu111on The;t1ghtergs]a”
floats to the top and is 1nterm1ttant1y'tapped and‘storedftnﬁiarge;ébfs;jfﬁt;ff

This slag is rich in zinc that is recovered in the zint’fumjnq fukag¢¢;53;~~ Sl

The large pots of still molten siag are periodically charged with eiriand;rf;
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coal to the fuming furnace. The high temperature volatizes the zinc andil

the vapor is oxidized in the top part of the furnACe Th1s fume is then:{c?"‘
rapidly cooled and the condensed: zinc oxide is captured in: a baghouse and

sold as a by-product. | S

The b]ast furnace- fum1ng furnace area is a 1arge source of fug1t1ve j{h;f;g,:

U ﬁ»part1cu1ate emissions. The,sme]ten;s worst swngle source is, undoubtabl),tfhf»5'u

'”f;the-b1ast~furnace upset' Often”ttmes the mo]ten s1nter mass agq]omeratos ST

'>1r the blast furnace and seals off the column. Gases accumu]ate under

| .f"thws mass and f1na1]y burst through wwth explos1ve force. Thns s1tuat10n 5ifff;5:

”*.f;form.v Fun1ng furnace em1551on have a 1ow ]ead content (<5%)

o f;arsen1c, z1nc, ant1mony, nwckel and other e1ements as a sur‘ace dross.;

’ Tls ca11ed a "b]owho]e" and resemb]es a vo]canlc erupt1on.3 The gases carryi“lf§5*T

~}part1cu1ate matter and meta]llc fume out of the top of the furnace around }'*"7”.

tﬁjt“e conta1nment hood1ng and 1nto the bu11d1ng and out the roof vents

ﬁ_h"B1owholes" occur sporadlca11y and result 1n severe a1r 1ead levels i

?both the. p1ant and +he communlty There are also s1gn1f1cant fug1t1ue

v mjem1ss1ons assoc1ated w1th feed1ng the b]ast furnace and charglng the"v-

ff;fum1ng furnace.: B]ast furnace em1ss1ons are about 60% lead 1n an oxide

‘h:3 2. 5 Ref1ner1es

The mo]ten bul]ton 15 transfered to the Iead ref1nery by an overhea

m‘crane. It is coo]ed to part1a11y remove 1mpur1t1es such as su1fur,,ﬂ'd“

Copper is then removed by addtng sulfur and sk1mm1nq the ris1ng dross .
These drosses are ther smelted 1n the reverberatory furnace and the matte
is sold to copper refineries. The lead bu]11on 1s then pumped through a
continuous softening process where antlmony and arsen1c are ox1dlzed and
removed as a surface skim. Th1s skim is stored for an’ annUaT Campa1gn of

glectric furnace treatment to produce antimonial or hard lead.



"_J.traces of 1mpur1t1es and corrod1ng ]ead (99 98% pure) 1s cast for

'w‘fdftmarket1ng 1n 100 pound p1gs, 25 pound sectloned 1ngots and one ton

ffgg;:,3 2 6.- Ma1n Baghouse and Ac1d Plant
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Zinc metal is then added to the lead in two stepS' first:for;the-
removal of gold and second for silver. Both are collected as coollng
_dross and -sent: to the- s1]ver refinery for recovery. There the z1nc 1s
‘vremoved by retortwng and the ]ead hy cupeTat1on The 51Tver TS cast and | STOEE
TT so]d-as 99 99% pure The go]d is captured in a s11ver gon aTloy calTed .h?;t.:.
’;Edore meta] that 1s sold to ref1ner1es | : | | i

The Tead bu111on 1s subJected to a vacuum dez1nc1ng process where

'fres1dua] z1nc 1s evaporated from the lead and redepos1ted in metalTwc form:fff'f “

}on a condensor. F1nally, sod1um hydrox1de is added to remove the Tast

_jfblocks,et;:?p .3_,..

In comparlson to the H1gh]1ne Area the Blast Furnace,_and the Slnter,e3ﬁ,”_:

T*PTant the Ref1ner1es have 11ttle fug1t1ve em1ss1ons that 1mpact the com-b**°*}

;”munxty Certa1n JOb t1t1es have s1gn1f1cant occupa 10na1 exposures but

:nooe as great as some other p]ant areas,;uﬁ‘ﬁ““*"

The maJothy of process off gases produced 1n.the plant are routedpto
”agthose two fac111t1es Combustton gases from the s1nter mach1ne are:_
K ;collected in: two streams The strong gas stnter stream 1s col]ected from
biﬁthe area of the s1nter mach1ne where most of the sulfur is burned
tstream is rich in SOZ The stream is; c]eaned of extraneous part1cu1ate
‘-matter in a baghouse and then sent to the Acrd Plant where the 502 1s [
acatalytlcally converted to squur1c ac1d Th15 ac7d s ut1]1zed 1n an
commarcial fertilizer plant. The weak: stream from the s1nter machlnelts
sent to the main baghouse along with several off gas streams from the

blast furnace and refinery areas. These gases are fthered of part.cuTate;fzfﬁ



7f;f pollutlon gas streams are routed to tre ma1n baghouse, upsets 1n th1s area

matter at the baghouse and. are-exhaUStedPto the:atmoiphere;- The part1cu—-f S

 Tate matter collected is rlch in: meta]s and is. returned to the proce,vff rfff;f, S

tne H1gh11ne Area. L1tt]e fug1t1ve em1sswons are assoc1ated w1th these

'.{_fac111t1es under norma] operat1ons.” However becausefmost of the Voo

’ can result 1n enormous part1cu1ate em1ss1ons. ,:;31j
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4.0 SOURCE IDENTIFICATION AND EMISSIONS EVALUATION

4.1 GENERAL

There are several sources of lead to the atmosphere in the S11ver'if.5;';h

ﬁ‘{3iVa11ey These sources vary ‘in: magn]tude, frequency, chemlcal const1tu— jffe:h;jr;f;

'g_ency,,and Conflgurat1on.. Some cateoorlzat1on scheme is: necessarv for pu:“*3”'7

" _f:poses of dlSCUSSlon anc ana]ys1s., Deve]op1ng reasonable source categor1es_h_ff~f5 :

. .f&requ1res certa1n knowledge of the d1fferent sources behav1or and the re- fgf i

"-__spons1b1e env1ronmenta1j

‘v%fideta1l 1n SectionNB There are

'frftha11ey for near]y one hundred ears. AI] current]y act1ve m]nes;are;n
U of the sme]tlng comp]ex

i 'fore is. conCLntrated by wet chem1ca1 m1111ng processes'near the mlnes Be

| '=1f160% metal in the su]f1de form and ar

_nd 1ndustr1a1 processes.. The m1" and smelter }T}QQQQ;“;hﬂ

";gprocesses and the1r assoc1ated a1r'”oliut1on problems Lere d1s.ussed dn

however, sources of 1ead from outs1de the:*”

L Lsmelter that were con51dered 1n the mOde]rformu]at1or.;n"7'”"

Lead/z1nc ores have been m1ned in several ]ocatlons 1n the Sl1ver'

GaTena-(PbS) 15 the Dredom1nant'1eadaore.f"'“%

'Hflead and z1nc concentrates are produced 1n»flotat1on’processes s1m1

’f*that descr1bed for the Bunker H11l Compan ~Concentrates;areutyp1cale

the cons1st ncy'o _cofree ground

d7ffhey are transported to the1r respect1ve sme]terssby ra%] in wet*for .

D1rect a1r po]]ution from these act1v1c1e5g1s'1ns1gnrffcant;¢ai*'”

"'m1111ng operat1ons are wet and the materlai 1s transported before t

:}jdr1es._ Concentrates spllled or the roadways constltute an actxve source;

:-of heavy meta] part1cu]ate after.dry1ng -.Uthe. resldua1 aspects ofvthe
m1111ng operations can have certa1n a1r qua11ty effects Large quant1t1e
of tailings containing szgn1f1cant am0unts of heavy metaTs are produced by{tv:
the milling operations. Currently these: ta111ngs are stored 1n 1arqe J'rf;

ponds. The dikes of these ponds are usually made of“dr1ed‘ta111ngs, TVJ*ZSZ' AR




"5fffd1ox1de abuse resu1t1ng from sme1t1ng act1v1t1es have denuded most ot the'b;5,7f??

X a1r 1ead em1sswons are cons1dered 1n the mode] deve]opment,d1scussed 1n

Zd'e hf-k i
These metal-laden, low pH, fine sandy materials are not conducive_to
vegetatior, and the dikes and abandoned ponds can be significant'souroes:fj;htz;;ffff
of reentrained fugitive dusts. |
In the first: e1ghty years of m1n1nqs,ta1]1nqs were dlscnaroed d1rect—“7tzs g
ly into the river or dumped at conven1ent 1ocat1ons.: Per1od1ca]1y, the ;t;:‘°ofrildé
- fr1ver wou]d f1ood and depos1t the waste mater1a1 on the va]ley f]ood

p1a1n - These sths are’ aTso a source of partucu]ate reentra1nment. Ta1]{Q;

ing sands are: typ1cally 1 to 4% ]ead by welght Alsf; years of su11uv

: 'hlllswdes ln the v1c1n1ty of Kellogg At the sane ttme, huge quant1t1es

- of air transported metals have been dep051ted on these same sou]sf- Leve1s;fff

.fas h1gh as. 2 5% 1ead are observed in some barren areas., Reentralnmen

these materwals is a swgn1f7can* atmospher1c lead source._,-zfﬂ35';”77'7*

Al] of these sources and aT] known 1ndustr'a1 1n plant and off s1te

‘dSect1on 5 of thls report Those sources known to 1mpact the anbient a1r 4
N71n the commun1ty are d1scussed and. characterlzed 1n Sect1on 4 2 Tbe cone
:dmunlty impact” aspects of occupat1ona] env1ronment are d1scussed 1n Sectlon
- 3. _ _ : KRN :
4, 2 ENVIRONMENTAL AIR LEAD SOURCES | R S ,
Community directed air po]1ution.SOoroes’aretfirsthseoarated:tnto“thev:_
gross regulatory categories, point: soorces and fug1t1ve sourceslv Po1nt
sources are defined as controlled sour-es that emanate from stacks or
equivalent devices. Fugitive sources are ail those sources that are not
classified as point sources. Four sub-categories of fug1t1ve sources

based on the source's suspension energy, have been developed for these

analyses, They are (1) process fugitive sources that are attendant to andf;lf'
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acerive their suspension energy from industrial processes, (2) active
fugitive sources associated with gross materials handling in industrial

areas, (3) active emissions arising from transportation activities andg_-'

(4) passive fugitive emissions that are reentrained byfthEHW1hd A]l of
the sources in the valley were located on: computer1zed maps prepared 3
especially for these analyses, These maps are presented adu dwscussed in f}.i.

Appendix A. References to tne appropr1ate maps” are. made in th1s sect1on;d]=:;"i': =

4,2.1 Potnt Sources

Al] po1nt sources 1n the va]ley are 1nventor1ed by the NEDS class1-a:‘
,pf1cat1on system des1gnatwon number Table 4 1 shows the source _frffm'kx
"fcharactertst1c 1nformat1on ava1]able for the 32 po1nt sources 1dent1f1ed

f-_?The vartab]es 1n that table are as follows : |
| IfanEDS--The Nat1onal Em1551on Data System 1dent1f1cat1on number.p B

,,UNIT--Ident1f1es the assoc1ated 1ndustr1a] process un1t (Tﬁe-aet"
crush1ng p]ant 5 SInter r;Lurg1 operat1on) R R

’ffPBFR CDFR--percent 1ead and cadm1um,:respect1ve1y, in: the
'.part1cu1ate em]ss1on_ L : DDA

EXITVEL--ex1t ve]ocmty of the stack em1551on (m/s) _ .
t*STHGHT--DhyS1ca] stack he1ght above ground ( ) e e T:Q'_f:-eﬂ~.7'
'a-ttSTDIAM——phys1ca1 stack d1ameter (m) ' ;

:v;EXITTEMP—-stack gas exit. temperature (fK)x,.*'

VOLFLOW-—stack gas vo]umetr1c f]ow rate (m3/s)vffe’:
'YROPPCT-~percent of. annua] operat1on t1me
NAME--emission point name o
PSNUM--point source identification- number '
With the exception of the last variable, these data were gathered from :
previous reports of PEDCo t1975) Va]ent1ne and F1sher (1973), PES (1978v

and EPA (1975a,c). The last variable, PSNUM, is a categorizatioh'var1able;}t>i’



Tible 4.1 Point Source Invehtoryﬁjth}¢§{ion

OBS  UNIT NWEDS PDFR  CDFR  EXITVEL - 'STUGHT ~ STDIAN . EXITTEMP . VOLFLOW ~ YROPPCT ~ HAME PSHUM

‘Crushpl Dryer

1 1 2 1 0 : 1
2 1 b ] kh o 1 Crushpl Collect 1
3 1 4 31 1 Crushpl Rodmill 1
4 1 5 31 1 3.1 Crusipl Baghousa 1
5 2 [ 32 1 ‘9.8 Oreprep Baghouse 2
& 3 ? 31 1 2k B Pellet Dryer 3
7 5 8 LS 1 5.200 o6l Lurgd D Scrubber L]
8 5 9 45 1 S 7356 Largi N lar.oclon 4
9 5 10 45 1 10.50 Y Luxgd B Sc 4
S 12 45 1 - 10080 - el Lurgl A 8= rubbgr A

) 11 s 1 10.50 e Lurgl € Berub 4

? 16 s 10:96 US4 is 5

7 17 5 1 10.90.. 0 244 6

8 1 Sea 7

9 15 19.8 Scrubber 7

11 7 21 Nlln St.‘ 8

20 1 : 9

21 1 , 10

21 10 1 mcene S1lo | 10

22 20 1 : _Rodcc’b_h_v:Scrubhnr 1}

23 1 .-Heltdre Scrubber. 11

23 1 “Rodroes Baghousa 11

23 ) . d1dedge 'Sckubbck" 11

24 10.. B ““ Residue Dryer . 12

25 s S SScrap: Furnacc R W

25 - B T 8 3Helt Scrubber 12

25 R C.#2Helt Serubber- - 12

26 R R CTUINCPure Blghouaa 12

3L 0 AP ac.c:or IR ¥ |

32 o AHP Dryer. = 0 00)

33 S T 1 OYl_e "u:actcr SR 1

variabies defi

[ax4



:f;kto the processes and exh1b1t regu]aruty 1n the1r 1ocat1on and strength
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developed for the purposes of this study. It is explained in a 1ater‘seof
tion of the report. Point sources are located on the Map PTSOURCE in tpfld’dtlub
Appendix A. -
4,2.2 Procecs Fugitive Sources | _
 These are po]]utants that -escape to the atmosphere from 1ndnstr1a1

.processes 'They;may;bealeaks,:vents and overf]ows from product1on and

pO]lutionfcontrol-eqnipméntfor’puiidings They may escape from uncon--f

'n_tr011ed port1ons of p.ocesses exposed to the atmosphere,'such as conveyor.f L

{vbe1ts or by product dumps Many of these fug1t1ve sources are attendant

'.H(e g 5 bu11d1ng fans) Others part1cu1ar1y 1eaks and overf10ws assoc1at-iﬁff-**t'“;

' '_ed wwth proces upset cond1t1ons and ma1funct1ons, ar 'errat1c 1n both

'tfrequency and magn1tude

| _'Flsher 1975 PES 19785 PEDco:ff;fffid‘f d"”"”
_'1n Tab]e 4. 2 together wwth petcentaqe leadia'
E ed 1n the__ame-sdrveys,. .' 5
*A]]-indQstfiaJ-péocesg;re1éfeaﬁi 5d
' goties3for.]ater'apaiysés Those sources and

~and rank1ngs can be found in Table 4 3

late 1974 and early 1979 and some updating may be reddited;:ig:



7,:4 2 3 Actlve Fug1t1ve Sources
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Table 4.2 Process Fugitive Sources Ordered by Lead Source Strength

Name EMR  PBFR  CDFR  PBEMR - CDOEMR

Blast furnace 30,00 61 9'-‘ »18:3000:3<uvZQ?bOCEftff.ﬁc. :
“0PP exhaust fams 34.00 31 :'» 1 10, 54001 ;,d;éaddif‘nffd L
CORE con exhaust fans 25,00 3 ,ilvf.ff»;s socoltﬁifdﬁQdefflif;iﬂi'dt':
Cast roof fans o ;7'12Q40 .3':31tf,}d'_:fi’*f'eua3.a440"_dfd:ié4¢fiffiff”fiﬁ‘h
- ps7refrkoofivent';= 60 w1 a0 ooe0

'f}S1nter prod dump :dc --0;5@ 3"t_31'ﬂ-'>? ;fli_d3f‘e0;1674f:};dd;D054if'?t

. EMR—-totaI partlculate em1<s1on rate,.lb/hr PBFR-—percentage lead
~in.emission; CDCR--percentage cadmium in  emission; PBEMR-=lead emission:
1 rate, 1b/hr CDEMR--cadmlum emission rate 1b/hr._*;;_.z;cu,____v“ﬁv_-,

"‘;: These sources are vary1ng and 1nterm1ttent po]1utant sources whose
"*suspens10n energy 15 prov1ded by agents other than stnady state 1ndust__.7

'  'processes.- They may be - 1ndustr1a] sources re]ated to act1v1t1es such as3

'a‘stockp111ng, truck and tra1n ]oad1ng and un]oad1ng,lor}mater1als hand11ng
They may be’ re1ated to 1and use such as ground work1ng, construct1on,}or
'-surface mining, Or they may be re1ated to transporatlon sources such as"
reentrainment - by vehicular traff1c, from open carr1ers or mob11e source
combustion em1551ons. They are: dlst1nguxshed from the prev1ous cateqory'E
in that their frequency and mdgn1tude are not atteﬂdant to \ndustr1a1f-
processes in the steady state time frame and- from the: fo]low1ng category
in that their suspension energy is independent of_kwnetjc_meteorp1og)cal. ;5 L

factors.



Table 4.3

Emission Rates (EMR)

Point Source Category Components
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and Lead

WEDS

I. Smalter Low-Level Sources

Name

Mean Lead
EMR 1b./hz.

, EHR
Ca:egory Rank

NEDS

Lurg
‘Lurg:
Lurg_
‘Lurgi C i
-.Zinc Fume Granulafcr
S PB. Reflnery Sco : -
Electrie Furnace Scrubber_
;. Oreprep. Exhaust Fans.
:;Ore.c

' f1eccric :urnace Roof”

Crushing Plant Dryer . - -
Crushing Plant Colléctor'
Crushing: Plant ‘Rodmill
.C.ushlng Plant Baghouse

Oreprep
Lurgl D

Baghouse'
Scrubber

Scrubber
Scrubber
Scrubber -

puer

onc Exhaust Fans

Sinter ?:odgqtlnnmp .

W

P10 s o e
R LT I =TSy SRR i

":I'o‘-c:a:ll .;:L"w-" -'_.S.!:n:"e_1-_'1:'-.&;':"*‘ )3 s,

Hid Level Scurces

Mean Lead

o -nMR 1b./hr.

~HHMpmmoouwmmeHHﬁH@,:

A oz :
Categcry

—....——---u--‘-u...'_—_—_.._.._—.....__—-_..__...__..—...._-_-....._.—-———_..-_-'-—
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FUG
FUG
FUG

Pellect Dryer

Zine Fume Main Stackf
Blast Furnace:

Casting Roof Fans
Fuming Furnace Roof

Total Mid Smelter PB ENMR

R
) 00 0o
.

W om i o

.'|- AT i . o

33.7

'ffﬁﬂyif

S

,___..__.._—a-—-——-_—-u——--———--—_..--...———-—a—_au_n—_——-——----_'_



ﬂ3@21 - Residue Dryer:
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Table 4.3 Continued

III. Smelcer High Level Sources

NEDS | Name | Mean Lead % of
“EMR 1b./hr, Category

IV, Ziﬂc Plant: Low Level Sourues  , 

’fNEDS _ v ~'Name  :  .’f;_ “ Mean Lead

B ' I o EHR lb /hr
-33  Concentrate Dryer¢ 

219 Concentrate’ Silo:

.22 " Rosconv Scrubber -

‘5 255 ‘Melt DRS Scrubber
23" Rodross. Baghouse . ..
200 #L Wedgg Scrubberf;ﬁ

28 Scrap. Furnace
»-,26. .3 Melt, g
270 2 Mele.
'24'; ZN Pure Baghouse.3ﬁ"

OV L OO

Total ZN Plant Low

18:_ Zinc Plant Haln SCack

V1. Ammonium Phoaphate Plant Sources i
NEDS Name =  , Mean Lead fszéb
' .Ena-xp./nr.',caxpz'

o . — R PR D G e G0 e G- P A S SN Gl UMD WD e M A S D - e G GRS e N D A WD TR Om Em W AD M e e em e

co.o
:

31 AMP Réac:or
32 AMP Dryer
33 Doyle Reactor
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Active Sources (Industrial)--Particulate fugitive sources were identified

in the same surveys cited in the process fugitive discussion, Similarly,
mean emission rates and chemical constituencies were estimated in those. fg;
studies. These sources are identified in Table 4.4. They can be 1ocated'ﬂﬂf:fe“:55

~ on Map-ACTIVES in Appendix A.

Table 4.4, Active Fugitive SourcefChareoteristiCS’»sd’;jxafyv"

Name . MapID EMR . PBRF  CDFR  PBEMR . CDEMR

Silicaslagpile 73 1.8 5 0 080 0,000
o Smtersto'.age 45 16 42 .} l 0.672 ._ 0 016 g
.v-jsjégbstokagé_'H:.d.;e:disjéewﬁizb;é@;d. :dzdigjflg,oii;d__Q;4b4ee?sd;666;ﬁ;
 State hlghway p11es e d35?3fﬁfeegii~Lifif .b}fv°t<6l363f;?30;060}l
"___s1nter storage _:fj»;ﬁfdeixdsibsﬂef}d:342.1fg}ee;i;e;efﬁds1§é;ffddEQQ4E

"rdCoke storage Eis“:’bfi{aS?*dil e;"':f"} 'eVdOfof ﬂd:dOd'eiedioodﬁu*ﬂ

: EMR—-tota] part1cu1ate emwss10n rate 1h/hr PBFR--percentage 1ead dn
: emlsslon CDFR——percentage ‘cadmium:in em1ss1on, PBEMR--]ead em1ss1on rate,-
» ]b/hr CDEMR——cadm1um em1ss1on rate 1b/hr. R : FRSNL P I -

"ETACt1ve Sources (Transportat]on); RS

Each of the roads 1dent1f1ed 1ngth1 ’stddy.was.oharacter1zed.esnﬁzi
.paved,-unpaved or dusty paved Annua. th1cle m11es trave1ed (VMT) for.
:each road were obta1ned from prev1ous reports and trafflc stud1es (PEDCod“
| de?Sc;-PES; 1978; State of Ldeho 1974a) Em1551on Rate Factors devel-
oped by the EPA as described in’PEDCo-(1975c) were then app11ed:to~get )
unit distance emission rates for these“roads: Both road dust and gaso]1n

combustion factors were included. At} roads 1nc1uded in th1s study can be _:ff-ﬂf

found in Appendix & map ROADS.




' ~t'ﬁhealth hazard L1ke roadway sources passxve source strengths ar ~’eh.v
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Active Sources (Urban)--Urban active furgitive source strengths were-con-vf?*’e
sidered to be proportional to the traffic volume on city_etreetégz The 

total VMT estimates for each city WereTODteinedvandforoportiohateiy:.;ftf:”x'”
allocated over the area of the community;'hNo a@sgiu£é.es;imates]af]i;ieiff‘i‘375*'
emiss ion rates were determined'forithe Tast-two.sub-cEteéorieS'esrfhey7hh;};r2e:iﬁh

were treated proportwonate}y in Iater regre<sxon analy51s correlat1ngi

’ these est1mates to observed concentrat1ons. The deta1ls may be found 1n,‘f-5v"}'”°”

von Landern 1980b However these sources are Tocated on the Maps TOMNS]fL_-':

-and- ROADS in Appendxx A._z
hi'4 2 4 Passmve Fug)t1ve Sources
These sources are reentraxned by the wlnd : They 1nc]ude open areasf

'f::of bare 5011 and exposed 1ndustr1a] areas Thexr magn‘tude depends on

: efdependent on surface condxtxons - Jovl part1c1e s1ze d}Strlbut1on $ﬁrfe¢e;

' C:Qroughness orlentatron, cover and m01sture cond1,10ns are,the, ~inci

_surface var1ab1es-- Those factors that contrwbute most to'w1nd suspenszon

have been 1nvest1gated for: many years 1n relat10n co sow] erosxon Those

studies have been modxfxed to deve]op a1r po]]ut1on 1mpactvest7metes'
(PEDCo, 1973; Wilson, 1975). o i

ATl of the available data for passive sources have been accumu?ated o
from three studies conducted in the Sllver Va]]ey (PEDCo 1975 PES 1978 .*};f”'tz

State of Idaho, 1978). The sources can: be found in Tab]e 4 5 and 1ocated

on Maps found in Appendix A, by using the value VAL as descr1bed 1n Part E



itive Source Characteristics.

Tab1e 4}5_"Passi9e,FuQ

‘are-the ppn 1€ad-and cadmium levels fn

" fines fraction of the soils samples whare available.

COFRAL ==

*PBFRAC,

are the code numbers from tﬁg éfiginajwsihdiéé -

referenced in the teaxt. '

the

.

'.FHARN01£;:PBﬁQr£;fanoTt 37 The note denotes the source of the

ey the map fnput informetian.

is a ngmbgr usea to

VAL

. The valye E-refers to the

PES report, P to the Pedco teports, V. to -estimates by
suthor, H to Health and Weélfare Department reports,

L. ST toestimates from similer samples. -

.data for the variables above.

ROUGH, LENGTH, VEG.

‘are the source development factors

for ‘the Hipdblogﬁ Dust Equatfon s de

ERCDE,

fined by Chepin. .

Ceprmal

are th?ligiq_pnn,;auhﬁuQ'phﬁ.;ofj.IQVéis
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”d}don a shxft Trans|at1ng occupat1ona1 exposure observatwons to dally

"”:faverages that are usefu1 1n relatlon to amb1ent concentrat1ons 15

-r}fmeaqurements themselves but a1so because the bulk of the partucu]até_fi'

o exposure 1n each area that m1ght 1mpact the commun1ty throug

of that Appendix. No absolute emission rate estimates were prepared for
these sources because of the nature of the later analyses as detai]ed_ﬁn7
von ‘Lindern 1380b.

4.3 The Occupational Environment

IERY 'GeneraT

There are. con; 1derable d1fferences in devenop1ng em1ss1ons proflles

";for commun1ty en»1ronmenta1 ana]yses and occupat1ona] exposures.; Amb1ent __.;"fﬁfV
'i[azr monitorlng 1s conducted cont1nuous]y for twenty four hours and

frepresents a- da11y average. Occupat1ona1 exposure> are an: e1ort nour t1me{}:;_fg;;

’“--we1ghted average and ref]ect the aevera1 act1v1t1es a worker may encounterf3ff‘flf’

' _d1ff~cu1t and 1nexact S1qn1f1cantvuncerta1nty estts'no only 1n the

ﬁfmatter exp051ng a worker, 1n most 1nstances neve"

reaches the commun1ty

-}env1ronment TranSport barr1ers restr1ct po]]utan ’1sper51on.and;most

731arge part1c1es w1!1 sett!e out near the sources.-td‘”

For thlS ana]ys1s a summary d1scuss1on of OSHA f]nd1ngs 7n each o]ant

-*fiarea 1s presented A gene*a] dxscuss1on fo]]ows”ano aets of threeﬂc,,>
"pxposure est1mates are deve]oped for each cr1t1ra1 p]ant area._-Th1sl"5

st1mate represents the genera1 or barkground component of 1ndustr1a]

1fos1on:..f S

and reertratnment phenomena The m1n1mum estxmate represents expected
component exposures for opt1ma1 operatwons. -The'mean-level is the f:}'° :

representative or expected value ‘to beeused 1n'anyimode1 compar1sons and

the maximum value is the peak exposure that might be encountered under

upset conditions. These estimates are expected to have an unCerta1nty~'~" Vi
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of +100%. Due to the erratic nature of both smelter operaticns and
air lead exposures, greater accuracy is unobtainable without expanded and
expensive menitoring. As the smelter is currently inoperative, improved: S

estimates are not available.

4,3.2. Data Source

The occupational env1ronment 1n the ]ead smelter was most recent]y

analyzed by. fhe Rad1an Corporat1on under a Department of Labor contract

(-urton 1981) The report was developed to assess the potent1a1 of

achwev1ng comp]1ance w1th DSHA ]ead in- a1r standards forvjob c]ass1f1ca—=-'

t1ons c1ted 1n a 1980 OSHA comp]alnt Thef‘na]yses cons1dered

' T'll;}fAdm1n1strat1ve, work practlce and englneer1ng contro]s t}at*hfﬂfiV

libr1ng spec1f1c JOb c]as:'fjcat1ons:1nto comp11ance w1thvthe 200

5ug/m3 lead standard

._:2Lf Approx mate costs to 1mp1ement the propo:ed controJ'

_.3.:fAn estwmate of the ex ected resu]ts ofd'roposed contro]s. ._”f

"Exposure chracter1zat1ons for the Rad1a" tudy'were'deve1oped from

‘l'tdata col]ected from three sources:f:thejf97f NIOSH study, OSHA

'{Tncpections and Bunker Hx]l Company \E]F mon1tor1ng That.repofgr:

dvsupport ev1dence co]]ected for the 1980 OSHA c1tat1ons (OSHA*"iééO)ﬁah
:used to. est1mate in’ p]ant exposures for use 1n thls ana]ys1s

The Béﬂliﬂ study has " been extreme]y useful 1n the preparatlon.of thls?etd'
report. It is presented in a stra1ghtforward and conc1se manner that 15 .
useful to both regulatory personnel and those who are cons1der1ng the
cantinued operation of the Bunker Hill -lead smelter _ Before-proceedan
with characterizing in-plant exposures, however, there are some 1mportanta
p01nts that should be reiterated and some exceptions to be taken w1th th]Shf:f*

report




| fexcess costs poor 1ead markets,_uncertawn EPA and OSHA lead regu]at1ons

7.;hand h1gh unemployment as render1ng new7processes 1mpract1cat'5

'Z'Modern1zat1on rep1acement .and mod1f1catton of processes must be con°1d~
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Radian notes that “like other smelters... exposures at Bunker Hill

typically range over orders of magnitude. The wide range of eXpoSurQSiis vih}b

due to upset conditions, inconsistent operating conditions »individUa15

work practices, and other factors which cannot be: comp]etely e11m1nated "*hpll'

With respect to both occupational and comnun1ty exposures, th1s pownt can;:hd?v

not be overstated Compliance w1th e1ther set of standards w1l] not beifﬁ¥ff}‘
accomp11shed w1thout techn1ca] or adm1n15trat1ve contro]s for upset cond1~iaitffvr.1#?

tions.

The Rad1an study consuders only retroflt LEChnIQUES Contro]s that

vrequ1re new processes or. operat1ons were not 1nc1uded Rad1an c1ted

However, ‘t*7°7“:,

'_'15 11ke]y that 1n some sme]ter areas upsets w11] never be,contro]led nor

<w111 comp11ance be ach1eved w1thout s1gn1f1cant process modtftcattons

tfered 1n any Iong term strateq1es that prOJect ftnaI romp]1ance w1th the :
”fiamblent standard Many of the percent em1551on reductlon schemes present-

ﬁ-ed ]ater 1n thms report are ‘nfeas1b1e w1th retroftt controls Both‘the

-.:scope and the costs prOJected in the Rad1an report must pe expanded to
-add)ess the needs of concurrent]y cons1der1ng the off property 1mpacts of

“these sources.

4.3.3 Exposure Ect mates for General P]ant Areas -

Mill and Concentrate Handling. OSHA found noexcess occupat1ona1

exposures in this area of the smelter. Milling and concent.attng»anez- 733;1%

principally wet processes and have litile direct contributidn'to”airbornef:s:f

exposures for workers or the community.



'*-.was drawn for a]l four c]ass1f1cat10ns Compl.ance wwth the 200 ug/m3
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Highline Area. Ore Preparation Plant (OPP). The H19h11HE'Area.ha§ -:;:E, 1';di
the greatest incidence of excess occupational exposures in'théjsme1t¢?3o:". '
Sixteen job classifications were cited for excess exposure ‘to ;a{,;b"(")',.h'e‘_ )
lead in the 1980 OSHA complaint, Eight hour exposures ranged'frbm _:'_

60 - ug/m3 for the area baghouse operator to 9530 ug/m3 for’ the H1gh11ne | } |
lancer. Those working for extended: per10ds in the. bedd}ng plant Opr;'n]°7'

trvpoer be]t operator laborer and helper had exposures from SRR

1320 ug/m3 to 6210 ug/m3 Ma1ntenance mechanwcs in th1s area rec0rded

L exposures of 2750 ug/m3 and 4640 ug/n3

Four 1ob c1ass1f1catxons were consvdered in the Rad1an study They

'{were OPP tr\pper, bo]t operator he]per;gfv;f;nikf; _The same conc]us1on
-_8 hour TNA standard 1s 1nfea51b1e w1thout maJor process mod1.1cat10ns
.f'Genera1 exposure est1mates developed for th.s area are

' M1n1mum f;;e20'— 300 ug/m3 2 hour aver B
Mean f- 690 - 1330 ug/’3"' -

o Peak_ . 2200 - 3700 ug/m s

'MoSt of the-High]inefarea:exh050re”" CCur 1ndoors and commun1ty

'*effects are man1fest from bu1]d1ng vent11at1on and bu]k hand1ﬁeg of dh,
materials mov1ng-1n or. out -of th1s area Est1mates for general exposurea

are difficult to predict, hence: the w1de ranges noted above
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Table 4.6 OSHA CITATIONS IN THE HIGHLINE AREA

Job Title Exposure % Attributed % Attributed

8 hr_TWA to Background Cto Direct o

ug/m3 Pb  or General Area  Job Activity .

OPP Tripper 1010 : .30   : :al-'.:  '3 7d;f tf i2ff15  .
BéitZOperator N 5210‘ . 3  : -jso_._.: | ':HJ}f}:7Qf;fff' 
- '*'_ "5  ‘: v 52763} 1 ' x1j‘gﬂ>30 f3yf'f£f';;5: f?76;ff¥i 5f
seloar A e
LA i ;-. ‘:y‘.._5_13?Oa a _}? . :    /é   :}.3 ': {   i /2;ifE Zi{:.K: 

R _; “' J! - 3; 7jjqf ;:] ;§} ;;. 2q;ﬁ: 'i ;' ; f.1;56 §; L;1:i?i;
;;Qé915e1tf;§b§f¢P _L f f;;,‘ f_;iQZQ€  ;ff:fﬁ 1{;_]73  ;?5 1€};,:fi¥;;/:5?t"1: 
S gl

“'t;:ffi'f   ffa: ;u<L ;f f>;1%ilisdfff. :;-1 i:3/3€;;rvg?= ‘ ; ¥ [i;]; f
;i.ghﬂghér Qperétdr;fu H; fF: :31Q7Q:   fi¥  i ;;”73Ei _i E    i;€:€/;* "?
”'_;Swifﬁhman ' S a_v_ -  :”'  186*f pi  5_5;;? ?/3[ :1ffi  H:; :? ”/3 ,a?i5.ﬁ

BaghOuSeEServ;ﬂLeader : . .' 6653'” ; .:i uf'/j"sz?;'ii. ;?: 73  :€_2;5

* Baghouse Operator - 60 afﬁf/3 7vf“f3~¢" ;?;fj§?;ff fi7

/1. Inside Cab
/2. Too varied to determine

/3. Not addressed
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Sinter Plant Area

Seven job classifications were cited for excess lead exposure in_the
sinter plant area. Concentrations ranged from 240 ug/m3 in'the-too]
rcom area to 12,950 ug/m3 for the pe]let plant helper. The operator and
‘assistant operator recorded exposures of 1380 ug/m3 and 3770 ug/m3

respect1ve1y The natntenance mechan1c had an- exposure of ¢150 ug/m3

.The control room recorded an 8 hr TWA of 405 ug/m3 OSHA c1tat1ons can--;fw
'be found in Tab]e 4 7 | R ¥ .

‘The. Rad1an report-'ons1dEred only two of: these JCD c1asffifcatlons

'The too] roont and manntenance mechan1c exposures wera addressed -The;ﬂ;r" ‘
report suggested the too? room be moved and that the mechan1c s exposure-ﬁ":"
owas too var1ed to analyze, The fol1ow1ng est1mates were developed for use

in thls_)eoo,

'i.Miniﬁum'_* 200 ug/m3
‘Mean 500 ug/m3
: Peak.'i | 4000 ug/m

As cpposed'to the highline area' eXCeSSiVe*bTant7eipoSUres'fn’tHE“”

sinter plant area often occur outdoors and cau]d 11ke1y 1mpact the near

coman1ty 2s fugitive emissions.

Blast Furnace-Fuming Furnace Area:

Eighteen excess exposure citations were xssued in the B]ast rurnaCe-f-fﬂ~)ﬂ£“kl7

Fuming Furnace Area. Lead exposures ranged from: 68 ug/m3 8 hr TWA 1

the overhead crane cabt to 1800 ug/m3 for the Blast Furnace operator.;fin'f-;

general, exposures for workers throughout the area ranged between 400 andﬁ"un
300 ug/m3. Radian analyzed five job classifications in this area. Com--_":'-' S

pliance in the crane cabs has been achieved in the last yearvthr0ugh'an3 :Efif;ff;;cg
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Table 4.7 OSHA CITATIONS IN THE SINTER PLANT

Job Title E xposure % Attributed % Attributed
8 hr_TWA to Background to Direct R
ug/m3 Pb or General Area  Job Activity .

Tool Room 240 50 s

Maint. Mech 2150 noooa
Control Room | w50
CAsst. Operator ‘»..v37701fi;,fgjjf :-'ff/éﬂ}fﬁfff," e
Pellet Plant Helper 3uh :j140rrf913rj .7h‘a/2¥f”[f
L -'e??_;v.?f3:,‘fiié955fah’5sfh- i-_'f/é*j-;f'_ .
:.is“;dperéﬁofe__._hl: 1e :f‘»{ff;hi3é¢srih?ivfr_r vhr/é?;;si?:i :e_h»f

.;:'/1 Too var1ed to analyze efa"f} SRR
-/2 Not addressed '

s_"air tract-system S1m11ar1y, tapp1ng pos1t10ns have ach1eved acceptable

':_1eve1s through 1mprovements in hood1ng and tappIn”r ﬂi ,;"“;">

e as Rad1an notes, comp!xance for other Job c]ass1f1cat1ons 1n the B]ast
'Furnace area is 1mposs1ble because of upset cond1t1ons that occur on aboutfgij%'

'*:25 35% of the sh1fts.3 Rad1an d1d not address-'iassﬁchat1ons lnithezFum]

L 1ng FUrnace area. Exposure est1mates were deve]oped as f011ows ?"ifhff
M1n1mum L 300 ug/m3 E
“Mean . o 500: ug/m
Peak - - 7000 ug/m

These numbers essentially ref]ect b1ast'fUHnace upséﬁs-_-By*scmejestd?j"fv

mates, the blast furnace is upset ‘at ‘least four minutes;every:hdur'eh;aff&"'

daily basis. Other studies have cited upsets ds'frEQUehtuas'BSZZQf,tth;’77'?L-::”'”

time. In terms of community impact, this is the largeSt sing1ehgbufcé¥55fhhth.w~'

lead dust in the smelter,
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Table 4.8 0OSHA CITATIONS IN THE BLAST FURNACE-FUMING FURNACE AREA -

~Job Title Exposure % Attributed % Attributed
: B hr_TWA to Background “to Direct oo
ug/m3 Ph or General Area Job Activity ... o

 Blast Furnace

“ 30péf§toff '-: | - 1800 ‘ -. : 15 .i .'.'.3     85” i i   ;;f;?‘:
:=.iS1ég}Tapper : ' :410.  o g ;:-. T T
A S s0 2
e e

. fchéhe;dbekétof..: :1v’ .j ‘ : 226 ? ?E;ia R   22;   _  ,
e e

N

e gpersor ma A

 Certeader om0
' 3f0p'Lahcér | .fSBOZ: RE _ j /du-f':3 . -7 R

He 1per 190 A

Baghouse Operator - 580 ’ ‘ s

Baghouse Helper 710 /8

/1. Inside Cab

/2. Corrected in 1981
/3. Oependent on upsets
/4, Not addressed
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Refineries. OSHA cited thirteen job classifications as having excess
exposures in the Refinery areas. Six job titles were cited in- the 1eaa:-_ |
refinery with levels ranging from 160 ug/m3 for kett]e operators xo 2850 }1[’
: ug/m3 forvthe softener operator. In the silver reftnery three pos1t10ns

uerE»citEd' Teadman- 550 ug/m3, ‘retort operator 1660 ug/m ; and. cupe]

_'operator 1550 ug/m3 In the castIng and 10ad1ng area four Job were
'_c1ted rang1ng from 93 ug/m3 for the fork 11ft operator to 130 ug/m3
- for the sktmmer helper OSHA cttat1on cna be found 1n Tahle 4 9 : S
' Radtan s analy515 cons1dered ftve Job t1t]es 1n the 1ead ref1nery.- 7:21 o
":No corsxderatxon was g1ven to the h1gh temperature fume exposures an the

”1511ver ref1nery or to the re]at1ve1y 1ow exposures 1n the casttng and
fload1ng area. AI] of the 1ead ref1nery exposures thh the except1on of

fhthe reverb operator, have been corrected by 1mprovements 1nsta]1ed 1n»fc?.5 8

:’;1981 Exposuref&t the reverb 15 upset depen n andhcons1dered uncorrec,_

1-f:able

Estwmates for exposures 1n the context of th1s analys1s are -j*,}{;:,f-’

M1n1mumzhfi 50 ug/m3?‘:e
Mean 100 ugmd
:'_{Péak:iﬂj'.-700¢U9/m;_>oﬂf- SREREERE

These are re1at1ve1y 1ow va]ues and 1mpact the communtty through roof

venting of the cast1ng area.

Baghouse Area. OSHA conducted only one compliance evaluation ‘in this .= =

area. The control room exposure was 92 ug/m3 8 hour average. Insuffi- =

cient data were available to project background levels for this area. -
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Table 4.9 OSHA CITATIONS IN THE REFINERY AREA{: f

Job Title - EipoSure | '-%;Aﬁtribﬂtéd-li} 'X Attributed
: 8 hr TWA . to-Backaground = to Direct. -
,ug/m Pb ~or General Area Job Act1v1ty~ :

| ';gLead;Refineryi'

.Dr°§g opéra£br:v - i;g“_ "gidﬁtT}H  }¥3 "

. ‘h:- .__  'i+i?‘:;:'};:z f;é;' ‘,:.:1€15cj ; _ :v fit.' A
| _'.'_Rege;s"bpe}atoe;_,{}fr{_f-- om0z
3 ,vifSoftener Operator ';E-iﬂ ';€aJ?23$§;;;fﬁ; ;f
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5.0 MODEL DEVELOPMENT AND AMBIENT ANALYSIS

- 5.1  GENERAL

The heavy-metal contamihetuff _;the S11ver Va11ey is extreme]y

'h“:fcomp1°x The air pollution component

spec1611y d1ff1cu]t Cons1derab1e

'jfﬂcare must be: exercised in-any ana1y51s' or the support data and the

»mathematical ﬂxpre551ons are used to represent pnys1ca1 phenomena, certaun

assumpt1ons have to be made to accannodate the ana]ys1s._ The' dequacy of

10 F.SSUmpt1ons most often determ1nes the qua11ty of tn : ’Eu1ts and
,_conc]usions The types of assumpt1cns that are 1nhe'

. d1ffus1on mode1s (at the pract1ced state of'”a

x;wea1th of data ava11ab1e,_an emp1r1ca1
;resu1t'1n a-more;relqabJe;ana1ys1s. L1terature”'c1te

-ergument for thisn“pbsitipnﬁcan be found 'in von Lindern

This is not to say, hewever that there are no probv ms 1n'an emp1r1ca1
analysis. Analyses where observed pollutant concentrat1ons are re1ated to??j{j

atmospheric and emissions indices, in the 1gnorance of the phys1ca1

Cu‘ars of ‘the analyt1ca1 procedures In any type of mode11ng study where ;*j;fﬂ

phenomena involved, are particularly prone to e1roneous;conc1usmons. Greatff"'-'”'

care must be exercised in the design of the model and-the -xnterpretat1on ofV}ijhfld

results. In any modeling analysis, it is important to understand the

physical and anthropogenic factors invoived. This background 1nf0rmef'on is
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necassary to select and to evaluate the assumptions discussed above. -Mosp7

of ‘this background material has been summarized in earlier sections. How=' =

evér, there are three areas of specific difficulty that should beidi$tpé

The: problems are presented in deta11 in- von Lindern. (IQSOb)' HbQéVéby

are! 1mportant enough to repeat br1ef1y 1n thws presentat1on v They are
vfiigwMeteorologmca] factors a;soc1ated w1th comp1ex terra1n'" '

.  2; {Spat1a] and ‘temporal: Valuat1on

: §ource:strength §n'”mu ti
:5fsource conf1gurat1ons SIS

iz‘,and e,;fwm.g,a.twn P“e-“ome" .

ﬁfght'to the -ground. Fo]lowwngth1¢ per1bd f]ow up the va 1ey:

mented by upslope winds resu1t1ng ‘rom d1fferent1a1 heat1ng valle
narrows and deepens considerably in th1s d1rect10n As a resu]t s1gn1_”
cant terrain channelling is expected with up- va]]ey w1nds, even.in the

absence of stable layers aloft.




nf;_e‘oource descr1pt1ons were orov1ded 1n the 1ast section Po1nt‘ ources afe"

"n fgpond1ngly des1gned and emxss1on ra”es are consvstent Hhen dea]1ng w1th
'&a'fprocess fug1t1ve sources, em15510n rates becomewjrreguTar depend1ng on

"vfefprocess f]uctuat1ons and cuts1de st1mu11¢

BRRA R

Convent1ona] mode]1ng anaTys1s dea11ng w1th Tong term effects_fgf;[;oiﬁ
s»,requ1res some degree o. un1form1ty and homogene1ty 1n both atmospherwc and'

' Hnsource behav1or The second d1ff1cu1ty 1n analyz1ng the S11ver Va]leyjﬁ"

'a=dmode]1ng concerns the spat1a1 and tempora] 1rregu1ar1t1es 1n source behav1or;l

; ;.genera]ly unwform 1n the1r behav:or Industr1a1 processes are des1gned;fo;a.

’f’operate at part1cu1ar rates and capac1t1es Contro] equ1pment 1s cornes—

: These two categor1es are a]so

d. f'r'-féddéné’y "b’m

1n conf1g ra

'f°‘these sources contr1butwon to atmospher1c leve]s

mﬁf:3f1gurat1on wuth meteoro]og1ca] var1ables 15

perhaps, the most confound

*this same dependence that a]Towed so]ut1on of th1s problem through theitech

nmn1ques emo]oyed CAs an exce]]ent meteoro1091ca1 data base was ava1iab1e5

-)cﬁ

”network, source behavior could be quant1fved th“ourh meteoro]og1ca1 ind1ces i

‘:through che Bunker H111 Company s Supp]ementary Contro] System ( CS mon1tor1ng

however, doing so in an empirical format ut111z1ng over th1rtv varwab1es 'j*f“



and two years of data ‘from hundreds of sources was a tremendous computat1ona]
demand. In: th15 study, the: prob]em was: addressed by us1ng the geograph1c iddzdf,

_;fxnformat}on System descrlbed in von L}ndern (1980b)

f{SiZ 1 The Bas1c Source Receptor Mode1 The;i ”ect7ve of th1s mode11ng

'f:f,'ana1ys1s 1s LO quant1fy those factors nost 1mportant 1n a1r 1ead contam1na— ey

':oncentrat1ons Cons1der1ng the_

HiN Company SCS has identified those cr1t1ca1 meteoro]og1ca1 s1tuat’on5

Their data are used to modify the bas1c relat1onsh1p where appropr1ate by 5 :

dummy variable additions to the regress1on procedure




'.»;jth1s report but can be found 1n von L1ndern (1980b) 3 It is most%1mportant

.:J::Th15 mode] was der1ved in a surrogate form to accommodate those_var1ab1"se

o 5.2.2. Variabie Cdnstruction A der1vat1on of the mode11ng equat1ons and

: construct1on of the var1ab1e< and regress1on ana]yses are not conta1ned 1n',*fﬂ, :

‘f}f1n th1s report to po1nt out and d1scuss the assumpt1ons 1nherent‘to"the mod-~5_ e

tieTingkstrategy“andmhow:those;aseumptﬂonéféfféottthefgueiityfofffheirg5u1t;=f

f.“and:1imttfthe:concTuéioﬁSfthat?mayfbéfdrauﬁftromjthesb tééhhfquéeaffm
R T R R T DT T T T

| The basic modeTing equation was the simple Geussian plume model

L

Qe
2

the initial pollutant source strength

e
i

= the _‘*_*'";ﬂ"':?’}fi;s,lé,‘?édifi'.'_".--*fh_é}?.:x direction

o ,}joy and oz the standard dev1at1ons 1n polTutant concentrat1on
L 1n *he Y and 2 d1re~t1ons

S ,y z= the Cartes1anfdoord1nates

H‘=?théfdifferen¢e.infe1evatfoh*betweenisburééQandfrééebror

';vNo prov1s1on 1s made for d1fferent1a1 o]ume r15e or part1cu1ate

_'that were ava1]ab1e from the em1ss1ons, meteoro1og1ca1,vand geograph1c data:

bases ‘Three basic requ1rements were 1nvo1ved 1n the surrogate der1vat-,.
(1) the equation had to be der1ved us1ng var1ables that we"e both ava11ab|er

from the emissions and meteorological inventories and that were amenab1e to,;ig



“h':f;i 'base 1n the procedure On]y s1ng}e observatlons were ava1]ab?e for many of

";'aiof these sources can vary more than an order of magn1tude on;
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manipulation in the .geographic information system, (2) the mode] had to be

capable of emp1r1ca1 parameter1zation v1a 17near regress1on, and (3) the

: mode] to the max1mum extent poss1b1e, shou]d ref]ect the concepts of
R 'accepted a1r poT1utxon meteorology Slmu]taneous}y accommodatlng these
_-constra1nts 1nvo]ved mak*ng severa] assumpt1ons and adaustments to the

B 'solut1on strategy Those bas1c assumpt1ons are d1scussed be]ow :pff'fd

HhoBSERVATION TIPE PERIOD BASIS The dependent varuab]e in the equat1on»tskthe
v:dmean 24 hour po]]utant concentrat1on observed at the varvous stat1ons  The
'hiedata were obta1ned from the State s h1 vo] network shown on page 20»
'viThese data are be]ieved to be of exce11ent qua]1ty and were used as ts-}

:*'However th1s da1]y per1od1c1ty defvnes t“a base t1me un(t for the dependent

o var1ab1es

'_;?ADEQUACY OF EMISSION DATA Th1s represent_ what cou]d be caT]ed the'weakeSt ‘data

'ithe sources Quarter1y, se]f-reported em1ss1on rates were}avawlable for

-*_some sme]ter sources, but the re11ab111ty of these data zs unknown f These

'”festamates were reduced to 24 hour em1ss1on rates;:'It is. suspected that many

bdespec1a1]y when ma]funct1ons and upsets are cons1dered Two e]ements

strategy were deve]oped to dea] wlth th}s def1c1ency The f1rst3m1t 'at1ve”-

factor was to introduce on-off cr1ter1a as descr1bed in the parent;document;
lany sources were known to be 1noperat1ve on part1cu]ar days for e1ther_5

operations or meteorological reasons. Zero emission rates were a551qned tof-

the appropriate sources for these days. The second m1t1dat1ve element




T_hemanate from e]ght predom1nant 10cat10ns 1n the va]]ey

'htfcharacterwz1ng the em1ss1ons (by rate est1mates and on off cr1ter1a) and
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concerns the basic philosophy of the entire project. The source contr1bu-:*n}:t
t1ons and rollbacks ‘eventually deve]oped are dwscussed 1n re]at7ve rather
-than -absglute terms. Pseudo- dummy varuab]e anaIySIS, as oescr1bed hy
fDraper and - Sm1th, is ut111zed throughout Thws techn1que TS eSpec1a]]y
tusafu? in’ determ1n1ng the relat1ve s1gn1f1cance of dwfferent var1ab]es 1n
-“regress1on ana1y51s o o o i

Source est1mates were eventua]]y grouped 1nto e1ght Categor1es for‘7diﬂ' il

~‘f1na1 analys1s The group1ng was based on the soatxa? conf1qurat10n of the

. sources The baSTC assumpt1on is, hhat 579n1f1cant partacuTate ]ead sou“m"

ELBy'aopropr1ate]y

»jethe atmosphere (by w1nd and stab111ty 1nd1ces), relatlve contr1but‘;n{__idph L

:be ascerta1neo by regress1on ana]ys1s

llb'rTHE VIEWFIELD ASSUNPTION Downw1nd concentrat1on d11ut10n :_?f:

: _Gaussxan formu]a zs 1nverse?y proportuonal to the w1nd speed Doublwnq ‘th
| "bw1nd speed doub]es the space between partic]es and ha]ves observed concen
: ﬂ;hjtratxons However. th1s assumes a constant wwnd d1rect1onrand sceed{f“

"pv[the S11ver Va]]ry w1nd d1rect1on and speed chanqe cont1nuous1y and usua11y

”T,reverse themselves da11y 1n assoc1at1on w1th the mounta1n valley draTnane'

'*_phenomenon In order to compensate for th1s d1ff1cu1ty 1n the da1_yﬁtfme

basis, two w1nd f1ow d1rect1ons were assumed 1n conJunctwon w1th the mountaln-
valley d"a1nage phenomenon Up- va]]ey and down va11ey w1nds were def1ned,
The mean daily wind speed, d1rect7on durat1on, and standard dev1at1on 1n
wind direction were calcu]ated for each T]ow Each receptor s face was

turned into the wind and its upstream "v1ew" was cons1dered Th1s 15 the ff!f_"ﬁji~'



S fthe geograph1c 1nrormat1on system and cou]d be eas11y accomDT1shed for each _5'""”

: [{’rnceptor ]ocat on In th1s way, both a proport1on1ng factor and an add'f'jfﬁlf f,f

”’ofequatuon Th1s var1abTe 15 not meant to s1mu1ate w1nd fTow 1n the vaTTey

'5pjlt 14 an 1ndex meant to represent downw1nd d1]ut1on from sources in th

“fl»»and down vaTTey d1rectlons and 1s des1gned for uso 1n a regress1on equat‘
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VIEWFIELD assumption. How many sources a receptor can see depends on itS"‘3 v
"viewfield" or a narrow upwind sector that conta1ns those sources that coqu;:V
possibly impact that receptor. The depth of v1ew depends on w1nd soeed and rf-nb}b'

]duration of the wind- fToW=from~that d1rect1on The wxdth of the sector

~depends on: the var1at1on in w1nd d1rect1on An expreSSTOn was der1ved to

s express the number of hours per day that a recnptor was exposed to a source ﬁbi’bbbb
;and the assumpt1on was made that the downw1nd component of d11ut1on was pro—i,fffjef

dpport1ona] to that durat1on of exposure and 1nverse1y proportlonaT to w1nd

‘fSpeed and the w1dth of the v1ew sector These terms are aTI ca]culable 1n

'rt1ona1 on-off cr1ter1a were deve]oped If because of w1nd speed or d1rec o

‘~t=t1on, a receptor 1s not exposed to a source dur1ng the day the exposure

reduces to zero If the w1nd b]ows cons1stent1y aTT day from sourcefto

’treceptor the downw1nd d11utlon becomes the I/u term in the trad1tsona1§

on .

’THE STABILITY ASSUMPTION The surrogate term for the “term 1n the»,.

Gauss1an modeT equat1on was des1gned so that the G1fford Pasqu111 form of v
these var1ab1es could be recovered from the eventua] regress1on coeff1c"ents}wttin
First the trad1t1ona1 form of the foford Pasqu111 pTots were der1ved 1n 3
system of linear equations deve]oped through 109ar1thm1c transformatlons i
1t was then assumed that the Tinear coeff1c1ents for th1s system were a |

function of atmospheric stability and would be spec1f1c for thlS s1tuat1on



:meHE PLUME MEAVDER ASSUMPTION The term exp(—lLﬁ) in the Gaussxan p1ume

s :_vector In the Gauss1an fonnu]at1on, a: un1form w1nd darect1on s assume

'“-t_fof varwat1on in the me n,w1nd vector than
"'-f_Two 11nes of reason1ng Jus*1fy th1s assumpt1on
":.v_fw1nd N ctor (p]ume meander) 1s 11ke1y a .unctnon of stab111ty 1tse1fﬁ_

’ -:”the ma1ntenance of a: crosswwnd Gauss1an d1str1but1on 1r the a1]VET Va11ey 4
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Mext the potential temperature gradient at Spokane International Airpqrt;hahj}
was selected as the daily indicator of atmospheric stability. This has béen;;.'
found, through the Company's SCS, to be the most aporopr1ate stab111ty 1ndext;mnh
':'ava1lab1e It was then assumed- that- the 11near coeff1c1ents were f1rst ’
’iadegree funct1ons-of»the potent1a]-temperature grad1ent Th1s assumpt1on

hls con51stent W1th the form of the G]fford Pasqu11] charts and resuits 1”‘

j” conven1ent form of the express1on for both parameter1zat1on and geograph1c

_ﬂman1pu]at10n.vgfn,g N

2 20y~
V,Qana]ogy represents the d1]ut10n effect of bexng remote from the mean w1nds.

'__and the degree of 1atera1 d11utxon 1s a funct1on of atmospher1c stab1]1ty;
iaIn the 511ver Va]]ey, w1nd dxrect1on f]uctuates cont1nuous1y and stra1ghtf
_gdj1ne flow is. not expected Thus, 1t was assumed that exnosure reduct1$m

"ﬁ[assoc1ated W1th be1ng remote from the nean w1nd vector are more a funct1on

"f“the stab111t‘rcr1terta per segﬂ

The var1atlon 1n 15”meani;;.“ Bt

And?

'un11ke1y P]ume meander when cons1dered on a da1]y bas1s, wou]dnffh ”d

inate- any such d1str1but1on As a resu]t the standard dev1at1on 1n w1nd
direction was se]ected as a measure of crosswtnd remoteness and d11ut1on was
assumed to be a function of the number of standard deV1at10ns a recepto, was

from the mean wind vector.
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e

THE VERTICAL DISTRIBUTION ASSUMPTION. Differential plume r*ise,_par'ticu?'a‘oéé |

settling, and plume depletion are all ignored in this mode]; A constanf"*

plume rise and constant plume eleva*idniare assumed. The ma1n reason for e
v1gnor1ng differential p]une rise was: the 1nsuff1c1ency of the data base for S

developnng appropr1ate var1ab1es In order to account for p]ume r1se, an

Vequarion ut111z1ng the atmospher1c surTace temperature and w1nd veloc1ty

= would have to be 1nc1uded in the sourceahe1ght factor Theseimeasurements

‘are used in other ndependent varxab]es71n the mode]wng equat1on.

"»,them in another term wou]d 1ncrease tne poss1b1’1ty of undes1rab1e effects 11“’ .

e eassoc1ated w1th 1nter var1ab1e corre]at1on ?'1oreover, rrom a practﬁca1 po1nt

' f.predxct1ng an effect1ve da11y plume r1se was cons1dered not wortn the con-'

'vfifffound1ng effects of add1ngia p0551b1y redundant var1ab1e Cons1der1ng p]ume'y"°'

':edep]et1on,_no data were’ava11ab]e for deve]op1ng sett11ng est1mates Mak1ng

’a.unnecessary assumpr1ons 1n the deve]opment of regress1on varwables <hc,1d"be

_avo1ded Practwca]1y, p]ume dep1et1o' ust be s1gﬂ1f1cant'ef'

,certa1n»sources Fug1t1ve sourres mn part1cu1ar conta1n 1arg

"_em1ss1ons subJect to cons1derab1e fa]lout Po1nt sources, on ehe othef?s
‘hand, are f1ne part1c1e em1551ons thaL may approx1mate gaseous behavxoriﬁf'
'exp1a1ned later, cadmium em1ss’ons are used to parameter1ze the bas1c source
receptor mode’. Cadm1um emissions’ are predom1nant1y f1ne part1cu]ate Ig{;

nering settling phenomena is, 11ke1y, perm1sswb1e 1n def1n1ng parameters for

the model. Later, when developlng.source;estimateSefor-lead;anv“ art1cu1ates, - .
depletion from fugitive sources must be*considefed'impoftant However, 1n

the division of source categories, active and passive sources apoear 1n



T f[meteorolog1cal factors d1scussed ear11er 1n th1s_sect{on They have, .'

FT_;“normal" assumpt1ons do not app]y As such they are qu1te appropr.ate-for

PR transformed to act 25 emp1r1ca1 mod1f1ers 1
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separate independent variables. When linear regression ana]yses‘are'appiied{'f‘
to those variables it can be inherently assumed that some constant amount of}pipiz
‘ p]ume dep]etwon is accounted for in ass1gn1ng the regress1on coeff1c1ents |

In pract1ca] terms, ‘the assumpt1on is: that a partncu]ar percentage of fugw;j;7}j;t
. tive: em1ss1ons fali out - between the source and nearest receptor and that |
*.gaseous behav1or 1s observed beyond Th1s assumptTon is adequate for the

- fHEpEMPIRICAL-FODIFiEPS The Bunker H11] Company meteorolog1sts operat1

’,pthe Supp]ementary Contro} System (SCS) have 1ong;'”cogn1zed those defacu]t

'-through years of exper1ence, developed sem1-quant1tat1ve 1no1ce55
3v{the onset of certa1n meteOro1oglca] and ooerat1ona1 cond1tuons ¥

:E'ipart these var1ab1es 1dent1f the onset of non rout1ne cond1t1ons where

use in regress1on analys1s as dummy var1ab]es to account foiy[;f)‘h7“°”:”"'

fj7.spec1a1 cond1t1ons where the base mode] may not app]j These var1ables

?the regressaon anaTyses;””
'?ta11s of the var1ab]es and transformat1ons can be found 1n the parent 'ocu

".ment

5,2.3 Finding. the Model. Parameter55 The modeT was ass1gned parameters__
through a stepwise regression: Drocedure that forced 1nc1us1on_of the var1-ftr;dﬁ
ables developed as the initial surrogate model.: The severa] empvf_iffs 4
modifiers developed from the SCS were a]so offered. for forward se]ect1on‘

There are several assumptions inherent to regression ana]ys15-that;are_not:fhj i
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necessary to include. However, there are two assumptions made in so1v1ng thef“_
regress10n equation that are 1mportant to discuss here. .

The first is the: use af cadm1um data to f1nd the moden parameters “Theih;f:;'
number of sources: and the d1ff1cu1t1es W1th def1n1ng conftguratuonr make 1t ;hh‘d'nd

| 1mpo<s1ble to: so]ve the mode?1ng equat1on for ]ead or. tota] partucu]ates

' :'F:Cadmu1memtss1ons however, seem to predom1nat]y ar1se from w.th1n the 7ead

,sme?ter or more to the p01nt from the same geograph1c 1ocat10n 5 *h1s

1fcons1derab1y reduces the comp]ex1ty or the mode11ng equatwon for cadmuum

3Because cadmu7m em1ss1ons do emanate from three d1st1nct source he1ghts, one;

__3unknown functlon st111 prec1udes so?ut1on 07 the equat1on An assumpt1ve

itonstratnt has to be added to the regress1o "etr1x That constrawnt was

deve]oped by assum1ng that the rat1o betwnen 09 andcg at neutra1 stab‘]itv 5;

at O 1 m11es from the source w111 be the samevas the rat1o“found under there gt

ﬂcond1t1ons 1n the trad1t10na1 G1fford Pasqu fT:charts

'; 5 3 THE IMPORTANT SYSTEM VARIABLES ShEAR

Us1ng these two assumpt1ons,‘the equat1on was so1ved and the se.ected

,model is shown’ below An,extens1ve.d15cuss1on;df the re;glts nsxfound,un;yonﬁ

Ldndern(1980b) | RO | G

The regression statistics for th1s mode1 1nd1cate that poT]utant
dispersion can be successfu11y quant1f1ed by th1s-mode1 form SeVenty threz
percent of the variablity in observed concentrat1ons 15 exp1a1ned at strung ‘“‘ L
significance levels. The initial model seems part1cular1y strong 1(&27def;hi”tfﬁzzf

.71 at p .0001). This is especially encouraging cons1der1ng the

difficulties with cadmuim source estimates discussed earlier.
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Table 5.2 Regression Statistics for Final Logarithmic =

Model
DEPZ = 30 + szLNVWF + ﬁ POTEMP + BaLﬁkv
+ BSPOTEYP*LNX + S6NSDSQ + B7BFDOWN

+ 58MD36 + BQMDSOLNX + glOWIS + gllREPVAR

~Sum of Squares

Source . DF .
L - “(SAS Type I;)

 Fevalue (PRSF)

- LNVWF
_ POTEMP
CLNX

g 40;
’ 1327.
2016.

.1: {1°2§:
© 7200
1094,

s(.0001)
6(.0001)

" PorEnP*LNx;\j‘
~ NSDSQ

S 425.7(.0001)
0 43.8(.,0001)
©13.0(.0003)
10.0(¢.0016)
1240 (.0005)
S 9:4(.0022)
»,119ga(°0001y1

784,
- ‘530;

& s
18,
22,

ZBFDOWN
‘MD36
MDSOLNX
W15
;LREGVAR

O v = I T
<5ﬁ<whrbsik910¢ﬁ

; e | 550 u07.0(0
o Teral 1438 101304

 Parameter ;*”s:s;imagggf;%;’-

- Ak WS ERAB 0 WS mm e e wm dna Y AR T N VR G e NP A M B v e T N W WS W AR e e e G W R W TU AT S G YO WD e MR Wb Wb am

o Bg o ;{ 2 26 6. 50( 0001)
By ;; '» 192,“ ; I' 4.69(.0001) "
8y o o-.el2 =6.62(.0001) ‘;,, ~ 1;
By ;~;+1 48 =26.85(. 0001)
. Bs . ..138 . =33.08(.0001) .
Bg . =v039 . ~6.62(.0001)
8 Zlsea  -3lei(io003)
Bg . l.75 . 3.16(.0016)
Bg o=.l24 0 =3.47(.0005)
By - .085 f, ‘ 3. 07( 0022y j »g‘; G

¢ variable descfiptionsfcanvbe*foUnd;fn?Tabléfs;sf;



-:fffcadm1um 1eve]s

As-in von Landern (1980b) the best way to discuss these modeT results 1s 1ne1,:{:;_,

Parts o. those d1scuss1ons are 1n~.

*ﬁﬁeterms of the regress1on coeff1c1ents

bf7:?c1uded here SR
Ten var1ab1es were selectedkas 1mportant in: predwct1ng observed

The first f1ve var1ab1es compr1se the 1n1t’a1 surrogate

7f2mode1 F1ve of the emp1r1ca] mod1f1ers offered were found to be s1qn1f1ca

_""Br1ef1y, they are
' ]7j[BFDONN+%thefonf

v‘},ffMD36--an on- off_1nd1cator df the most severe Timi

ednd1catorfo bTaSt‘furnace operatjon

:t1on 1n m1x1ng dep_

' fifMDSOLNx-—the on-off var1ab]e for s1tuat1on of un1nh1b1ted m1x1nu
twmes the 1ogar1thm of d1stance i ev,u,,, ”_,_

.V'LsN]S--an 1nd1cator of suppressed w1nd speeds 1n the middie}eﬁmbSQHe%ie

o fREGVAR--the severmty.code :ndicat1ngﬂadverse d1s e]:eehd3£1on ass
' __.,’sc1ated w1th petu11ar synopt1 1 - "ifT:'“ o

NF;+iBSLN$DSQ:d

Tha parameters thETP assoc1ated 1ndependent var1ab1:_5 '

iparameter values are shown 1n Tab]e 5. 3




Table 5.3

e

Parameter

valuesffof'thgfLogarithmig'HOaél iif

Parameter

Independent -

Variable

Facter . -Paramerer Value .

.j«jPOTEHP

“MDJ&

Intercept
1o (QHF)
_ﬂiﬁ(vwf)”' 

':usnsq

FPOTEMP*LNfo
VQﬁBFDowu.fﬁl”
,w13 i;  f

‘ ,§ﬁGVAR;3a!:”

131nitial dispersionfi

-Q'SOurce heighc functxon

V.S:abixi v

(
: 3( i
o andg*

e

(

“_“]Inhibined mid leve"f'
'*-J'faccor i

fRecepcor View fun'

L&teral POSition factor'“"ffV;"'"

_ )
-x_+-q
)

)

distance factors

QOperations factor

:"‘Limiced mixing:depc"; Seor

* for a deta1]ed descr1pt1on and der1vat1on of thes
p1ease see. von L1ndern 1980b I o




These parameters and associated variables can be grouped for discus=

sion relative to their contribution to-quantifyﬁng.po11utant-dispersﬁohfihhn: :

this valley.

BO, 84, 85, and: 86 are the d1spers1on parameters for the p]ume center11ne
_'d11ut1on effect assocxated w1th the mean w1nd as der1ved from the htzﬁ”fl |

trad1t1ona1 Gauss1an form.s These parametersuwere:used to derwve thef'?ifaf*

':fam111ar “y'” p]ots of G1fford (1961) and d1rect comparTSons of theftff;

;d1spersa1 cond1t1ons 1n th1s s1tuat10n are made relative to the

. standard mode]vng assumotaons o SRERN
_?_d._él 1s the unjt coeff1c1ent for 1nQHF Or the source strength source
| he1gh»,term |h1s term ref]ects the 1n1t1a1 sourcefstrength reduced
' by a factor dependent on the re]at1ve source rECeptor he1ght" .
]atter is deve]oped from the same asic compo Savametare
80. 84. 85, and 85 above.v G

62 and 83 are assoc1ated w1th the termsv1n(vwF)and NSDSQ These tw

var1ab]es, as they were develooed, serve toa‘_tngate the standa

o Qmode] pred1ct1ons w1th respect to the t0pograph1ca 1y 1nduce’

S ond1tlons VWF 15 an exposure factor that accounts for the re

receptor “v1ew" of the source assoc1ated w1th uo-.and down vaT]ey

'mw1nd sh1fts NSDSQ 1s assoc1ated w1th the 1ateral var1ance:mnrthe

‘mean w1nd and- accommodates reduced:_xposures assoc1ated w1th the

cross- va11ey'w1nd sh1fts., In the form offered 1n the mode11ng

analysis, they become emp1r1ca1 mod1f1ers of the more tradrt1onf

dispersion equation character1zed by the above parameters and‘:

variables.



By is the parameter for BFDOWN and is a direct emp1r1ca? mod1f1er asso-v::f:'
c1ated with shutdown of the largest s1ng1e cadm1um source The 8 |
estimate for this term is (-.509). When the b]ast furnace 15 down d'ff;
(BFDOWN = 1), the pred1cted effect is exp( 569 * 1) 57 t1mes |
the»mode]'predvctmon Th1s suggefts that when the b1ast Furnace 15.

.nonOperatlve at 1east 16 hours per day, amb1ent cadm1um ]eve]s are

reduced 43& » » » _ ;
88 and ﬁg are assoc1ated w1th extreme m1x1ng depths . 59 15 the parameter3

for MDSOLNX Th1s var1ab]e a]]qwsvfor greater d1spers1on under

.unxnh1b1ted vert1ca] d1spers1 ntcondve:eh Because a ]1m1ted

' m1x1ng depth assoc1ated w1th nocturna] 1nvers1on 1s the'

st, 36) are ca]cu]ated under that c1rcumstance |
0. 125. The s1gn1f1cance of thxs var1ab1e 1s as fo]]ow
d.5m1x1ng depth is great (1 e a MDSO = 1 MDSOLNX |

(1 48 . 125)

‘the eoeff1c1ent of 1n( ) or p + q f

,Q'd1scussed 1n von L1ndern (1980b) Thms supports the 1dLatth“'

tion. Similarly, when m1x1ng depth 15 severe]y 1nh1b1ted an oapo
site "abnormal" effect is- present The var1ab]e MDBo has a va]ud

of 1 when mixing depth is. most sha]]ow and 0 at other tﬁmes Thi 8 o

value for this variable is 1.75. This: suggests that when the;_owestb

level inversion structure exists, the model predlctJOns are 1ncreased '



59

by exp(1.75) = 5.75 times. This represents a severe condition:
treated here by a simple empirical modifier.
810 and BH are empirical mod1|1ers assoc1ated w1th spec1a1 synoptlc

situations. g 10 W15 accounts for reduced w1nd speeds 1n the m1d-

level valley: atmosphere 8]1 1s assoc1ated w1th REGVAR an 1nd1cator
of severe: synoptic cond1t1ons The wls var1ab1e has greatest

»effect when the mean w1nd va]ue 1s ]ess tnan 1 mph At that value
‘the model estxmate may be 1ncreased as much as exp( 08*5) ihsffsﬁfiﬁrmr:

: t1mes Thas s1tuatton 1mp]1es extreme ca]m or shear 1n the m1dd e

'atmospher1c 1eve1 REGVAR as a sever1ty code assoc1ated w1th some
'_pecol1ar synoptic cond1t1ons Two cond1t1ons are espec1a]1yf.
’.j1mportant They are the va?ley dra1nage w1nd ( 3)w5"1i
f(=5) that are both assocwated W1th hwgh pressure areas 1n the moun
"h;ta1n range v1c1n1ty The former can 1ncrease mode1 est1mates&by

fexp(3* 20) = T 8 t1mes and the 1atter by exp(S* 20) f2,7 t1mes.

',‘ﬁtwo m1x1ng depth varxab]es se]ected 1n the stepw1se process suggest?that
hhocturna] 1nv=rs1ons are also part of the "norma]" d1spers:on o1cture fo
' the valley. Four ]eve]s of m1x1ng depth wnre offered 1n the stepw1se pro-
cedure. The non- sagn1f1cance of the two m1dd]e levels 1nd1cates that:th_
are accounted for in the rema1nder of the model In pract1ca1 terms thws;
means that the basic source-receptor: mode] ref]ects a d1urna1 capurdfd“:

version between 3600 and 4800 feet. SpeC1aT mod1f1ers to the bas1c mode g

are required only when greater or lesser mixing depths are present
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It also means that the dispersion parameters derived fromvthe;re~ :
gression coefficients for this situation ref]ect'thisfdiUrna1rphenohehon
Some important aspects of the montane air pollution meteoro]ogy for th:s
area can be explained by comparing these dervved dxspersxon coeff1c1ent
estimates with the standard Glfford Pasqu11] parameters : ‘ '
Figures 5.1 a and b show the: d°r1ved d1spers1on parameters for th1sfo[ffh”féé
situation: plotted as solid 11nes The dotted 11nes are the correspondwng |

ﬂp]ots taken From the subrout1ne d1str1buted Y (1976b) to estlmate

. Glfford Pasqu111 d1spers1on parameters (The unlts hoVE been converted as dafi:'

.1nd1cated 1n the axes: 1abe1s )

In d1scuss1ng the d1fferences 1n‘these two sets of curves, 1t 1s

f1mportant to remember that the standard curve represent the expected

standard devuat1ons 1n the hor1zonta1 and vert1ca1 d1str1but1ons of po]]u-*d"'

"”tants c31cu1ated for d1fferent stab111ty cr1ter1a and downwtnd d1stances
QEBoth sets. assume a norma] d1str1but10n around a p1ume center11ne def1
the mean w1nd vector and have been deve]oped from f1e]d observat1onsvove
flat terra1n for relat1ve1y short averag1ng perwods (<30 m1n) .

The eurves: offered in th1s study are dertved 1n a: tota]]y d1fferentf

manner. The Gaussian form is present, but much mod1f1ed 1n an affor

accommodate the majority of wind f1uctuat1ons 1n the NSDSQ and VWtherms
These two terms account for, respect1ve1y, the daa]y c“oss va]]ey varvat10nia

in wind directionand the variation in wind speed. and f1ow up: and down ‘the fﬁ

valley. In a sense they normalize the dispersion curve° by account1ng Fo:{jft
the gross fluctuations related to the 1oca1 wind phenomena - |
The dependent variable in this model development was a twenty four

hour average. As a result, all independent variables were constructed ontas;f |
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Figure 512 Comparison of Standard and Derwed e
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Figure 5.1b Comparison of Standard andibefiyédjf," g
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twenty-four hour basis. This reoresented no great inconveniencegbecause the_‘
mountain-valley drainage wind is a diurnal nhenomenon. HoweVer;-it'ts?not"'
obvious what the Cy and g, terms in the-above deravat1ons and charts reore-:o:“
‘sent. Examination-of Table S. 2 shows that a certain: amount of the var1ance

in pollutant- concentrat1ons is-expiained by the: gross w1nd var1at1on terms,

NSDSO and VWF. Other empirical factors related to operataons and "abnormal" :p"f
“méteorolbgy exp]ann-a small percentage However the greatest portaon of

the sums of squares is exp1a1ned 1n the three terms from wh1ch the oy and o B
vcharts are der1ved Those terms most 11ke1y represent the downwand po]]utant},:?5ﬁ

'dvstrlbut10n for the component w1nd perwod, averaged over twenty-four hours 1u"” |

L .The component averag1ng per1ed 1s the one hour mean W1nd It 1s suspected 1t,iffhé

'fthat the Uy and 95 va1ues der1ved are the expected standard dev1at10ns 1n

E downw1nd pol]utant concentrataons for one hour for 2 g1ven stab111ty cate

1gory However that va]ue necessar11y reftects an average for a11 the hours:;
'of the day This 1s a most 1mportant po1nt to remember 1n dtscuss1ng the“'
differences in these: and the- standard curves. | " v '_ j g |

Turner (1979) pointed: out that any mode11ng erfort has to con51der

the. pert1nent averaging period with respect to both the preva1ent meteoro s

lTogical phenomena and the amb1ent~standard'7n'quest1on The same 1ogtc pre;rtn_
vails here. These charts and the other 51on1f1cant modeI var*ab]es can'd'pri*#;fﬂr
illustrate many of the difficulties encountered in: app]ying Gauss1an form
models to complex terrain, provided the pertinent avefasmg-..mm? s ,co'_‘." R
sidered. »' h' il

There are threa obvious differences in the form of these twohggfgt_;r'
of curves. The first difference is that the estimates are simi]ar'fort i

unstable conditions but considerably less dilution occurs as neutral
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'conditﬁons are approached, and that effect is exacerbated toward-stab1ej
conditions. The second inconsistency is that the slopes of-the-curuesfin7'-:-'
the horizontal dispersion chart are notably less than their standard counteruf'
parts. The third difference is that under very stable cond1t1ons a near]y v

~uniform distribution in the vertical with downw1nd_d1stance'1s-predqcted.qn,Lfeh:'
this study's o, chart. . .1 _ | Z}'ﬁ iv | _ o .»'

The m1t1gat1on af terra1n effects under unstab]e cond1ttons has beenlh
=noted by - severa] researchers (H1nds, 1970 Fosberg et aT 1976 Rewd 1979)1h;ﬁ?“.?
It is likely: that when unstab]e cond1t10ns preva11 ‘no- capp1ng phenomena arefuhh.ﬁ'h
~ present and unxnh1b1ted vert1ca] d1spers1on wou]d pers1st Slm11ar1y, the ;tfi:t?fd

"tendency to deve]op ta]m and stab]e ]ayers a]oft 1s reduced over the twenty-:_*z o

~ four hour perxod As a result the on]y 1nh1b1t1on to norma] d1ffus1on

'present wou]d be terra1n channe]1ng Under unstable cond1t1ons terra1n

channe]1ng wou]d ]1ke1y exerc1se 1ts 1nf]uence 1n the hor1zonta] but not
“rfor»some d1stancevdownw1nd The e fect of terra1n channe]1ng on the hor1-:jtif;ffjdf
zonta] d1spers1on parameter may be seen in the reduced s]opes noted above :

ﬁOther complex terra1n researchers have rradn s1m11ar f1nd1ngs as rev1ewed by

M111er (1979). However, the resu]t 1n these cases 1s usua]Ty curved Oy 11nesfiﬁ':i5
starting out at or near standard s]opes and decreas1ng in. s]ope w1th d1stance;;:* =

This is, perhaps, 2 more appropr1ate form than that presented 1n th1s study,v

as the effect of terrain channeling. woqu become more pronounced w1th p]ume
growth relative to the valley width. Unfortunate1y. th1s mode] form can
only accommodate straight lines in the hor17onta1 - |
Essentially the mitigative effects of instability on comp1ex terra1n f'i":';
dispersicn may be accounted for in the absence of those phenomena that pro- ‘_,z'

duce the confounding situations. As neutral conditions are approachedithe;"
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nocturnal inversion and drainage wind phenomena become routine. Over a

twenty-four hour period, a considerable period of time is spent under'ah'- 1'
inverted temperature structure, downslope winds develop, and at 1east°tw035 N
directional changes in valley flow occur. In addition, during 1ﬁvargjan[‘-: :
breakup a double dosage of pollutants can;occur 7 Asistable'condttaoheﬁﬁ'h‘;hx S
' deve}op these phenomena become. more 1ntense w1th 1ncreased duration These iijh}':
hours or, more appropr1ate1y, the d1spersmon observed 1n these hours 15

'f: 1nc1uded in the “average that produces the above charts |

As very stab]e sutuataons are encountered calm cond1t1ons,-1ntense:;feid5;;

E inVers1ons-aloft» and severe 11m1tat1ons 1n m1x1ng depth are ]1ke1y - Most

‘hm1x1ng depths._unxfoon vert1ca1 dastr1but1on may deve1op seme d1stance down—‘
’°w1nd. Thnt observatTOn may be seen 1n the oZ curves at stab]e cond1tlons

Severa] researchers have noted that 1t 1s stable cond'tions that are»

difficult to 51mu]ate in comp]ex terra1n s1tuat1ons In th1s case the fre-jlffjﬂffu
hquency and: durat1on of part1Cu1ar phenomena (that become more frequent as )
_stability increases) are u]t1mate1y respons1b1e It seems t at w1th the 1dffh’rf'.

' 1nc1us1on of mitigating or normaltz1ng var1ab]es that account for those i
phenomena, and with proper cons1derat1on of the averag1ng per1od the comp1exfh§e;iti

terrain situation may be discussed in an empirical Gauss1an format

5.4 APPLYING THE BASIC SOURCE RECEPTOR RELATIONSHIP

5.4.1 Methodology. Thus far, the modeling procedure has concentratéd?bhﬁf
defining the basic relationship between a receptor and a source. Having_faV':i
developed a satisfactory model, the next step was to apply it to all the™

source-receptor combinations in the valley. In practice this was a
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mammoth task. However, it was greatly facilitated by employing the Geo-

graphic Information System. The details of this application are complex

and can be found in von Lindern (1980b).
As the relationship -was app11ed to each source,-the 7mpact est1ma

were accumulated by source category at_each of the val]ey s nane mon1tovbng

f1oca(10ns These categor1ca] est1mate” wer fthen regressed aga1nst observediﬂ
famb1ent concentrat1ons Th1s was _ hed for each day of the two-year o

”:-;Study and done SImu1taneous1y for Ieadgvcadm1um, and-:TSP, The_resu]t 15 a

urces and_}fff;f“"

weights the reTatjlee‘ pacts of the var1ous categor1es 4we§“anh:&*3ﬂ~ ;

: exhaust1ve and comp]ex_procedure that 1s deta11ed 1n vof

- Over 4300 observathons werefanalyzed : The regress1on statvs: re: 'shown
-.below N |

The e1ght source categorIes are. SMLONEST (low 1eve1 smelter sources)

SMMIDEST (m1d 1eve] smelter sources) ”1ter_ta11 stack) ZPLOUES

.;(z1nc p]ant ta11 stack) AMP (ammonwum phosphate p]ant) ACTEST (act1ve

210urces) They are descr1bed
'E'of th1s;:'

'5report Four of these source categor1es were found to be s1gn7 icant

predlct1ng particulate concentrat1ons 1n the S1Ivery Va11ey

The other source categories likely do contrmbute but are 1ns1gn1f1cant in

magnitude when combined with these sources. Final pred1ct1on stat1st1cs can
be found in Tables 5.4a and b. BKGROUND refers to TSP backqground 1eve15-*L
(BKGROUND = O for lead and cadmium).
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Regression Statistics fdr the Model:

- TPOL = B, SMLOWESI +828HHIDLST + B3SMAIHEST .
+ 8 ZPLDWEST + 8s ZPHIHESTY+ BGAME

_ +.§7BASEST +: BgACTEST + BgBKGROUND_ L

Source.

um of Squares  Fevalus (PEPE)

o "SMLOWEST

- “SMMIDEST
c:i . SMHIHEST
~ . ZPLOWEST
ZPHIHEST

i e .

'ff379 0(.0001)
77.1(.0001)
1.9(.1646)

Sygi 1598. 9.(. 16&6)

- ey 0o WS e W WS W W M e e

1162:4(.:0001):

TPOL. .
SMLOWEST
SMMIDEST
SMHIHEST
ZPLOWEST
ZPHIHEST
AMP
PASEST
ACTEST
BKGROUND

Smelter tall .stack estimated impact

Totalaamb1ent part1cu1ate concentrat1on -
Low=1evel smelter sources: estimated ambient 1mpa
Mid-level smelter sources estimated ambient 1moact

Low-level zinc plant sources estimated impact
Zinc plant tall stack estimated impast
Ammonium-phosphate. plant astimated impact
Passive fugitive sources estimated impact
Active fugitive sources’ ‘estimated -impact

TSP estimated background concentration




' -fModel
.ﬂf Error -
1-Iogal

Table 5.4b . Regression Statistics for the'FinalgReJatiyélf
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Source Impact Model: » o
TPOL = g)SHLOWEST + stuuznvsr + 339*

+ BAACTEST + QSBKGROHV“f

Source

DF  ﬁ‘  f;Sum of Squares  . 'Vglgé-(ijx)

 SMLOWEST
SMMIDEST

‘PASEST

. 'AﬁTESIH.E”:. -
- BKGROUND . .

’1'(SAs Type'IV)

 Parameter
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This model in Table 5.4b was used to predict amb1ent concentrations?hele
for'each quarter in the study period. Those pred1ct1ons can be found 1n

Appendix'D and avquarteriy summary.is-presented in Table S 5. Those preu-‘: i

,d1ct1ons are ‘used to evaluate re1at1ve source contr1but1ons to ambient Tead]v;;f;j;""'“

“concentrations and to est1mate requ1red source reduct1ons for ach1ev1na thélfhffﬁfzﬁ'?%

”NAAQS The 1nd1V1dua] source resuTts and a»"residua]s“ analys1s can be | o

-tfound in. von L1ndern (1980b) ' An observed/pred1cted concentrat1ons summaryfff::féiu
r'.'follows : TR SSOR e =

i Model pred’ct1ons for quarter1y 1ead means range from 26 to 7 2

7,_ipg/m over the ent1re study area Actual observed concentrat1ons range from
| .25 to 12 5 ug/m These resu]ts are sunmarized 1n Tab?e 5 5 along w1th'th
Eratxo of pred1cted to observed vatues Th1s rat.o on an annual bas1s conég
'Ts1stent1y fai]s between 5 and 2 0 (a k1nd of unomf1c1a] measure of mode]

f-qua]ity) Moreover, on a quarterly bas1s the model does we]] 1n pred1ct1ng‘
'_;means for most or the stat1ons.. Th1s 1s espec1a11y true 1n cons1derat1o'
. of the range of va]ues and the fact that pred1ct1ons are based on quarterly

'r:mean em1ssions averages

However, the mode1 does rharacter1st1ca]1y underpred1ct in certa:
;situat1ons The most 1mportant are those where a few extreme]y h!gh 1nd1v1-
adua] readtngs 1nf1ate the observed mean Many of these out1y1ng va]ues do
not seem ‘to be meteorolog1ca17y oased but do occur at d1fferent stat1ons on
the same day and always downwind from the sme?ter ' It 1s most 11ke1y that
these extreme values are the result of: severe em1ss1ons exeurs1ons at the
smelter. It is important to note that the model does not effectwve1y pre-u--ahy'ﬁ
dict the impact these days have on the quarterly means. This is 1mportant

both in terms of utilizing the model output and developing an atta1nment‘:>hebrf.¢t
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strategy. The effect of thee days is great enough that they deserve -

special treatment in attainment considerations; and they are:seperateiy:_fﬂ{t-ff
discussed in the next section. What is important fO*remember aat‘this: 5

point, is that the: mode] predictions: are’ based on- average emiss1on rates ef

The resultant: pred1ct1ons are then "average pred1ct1ons“ and any atta1n- etreff;;r;ff
‘ment strategy based on the: mode] app11es reduct1ons to average em1551on

rates These reduct1ons ~1]1 not quaranteee comp]wance w1th the amb1ent ;f;f’ef'ft”i

-standard in: and of themselves Slmu1taneous contro] of the severe excur-l;ﬂ_}fz

 sions must be accomp11shed as we11

5.4, 2 Model Results by Source Cateqorx : There IS llttle effect of stackl‘_fi{“
he1ght assoc1ated wrth 1ow-Teve1 smeTter em1sswons As a result they

_exert the r predom1nant effect close to the smelter and decrease‘rap1dly _;;}” |

rw1th dlstance Mld level sources, on the other hand have 11tt1e effect
'w1thin one ha]f m11e of the smelter As d1stance 1ncreased the re]at1ve
”’51mpact of the m1d leve] sources 1ncreases marked]y F1gure S 2 shows the

: ~re1a+1ve lmpact of 1ow and m1d 1eve1 sources by stat1on on an: annua]

: bas15. Flgure 5. 3 shows the actual estamate componean at earh_'tat1on on

-an annua] ba51s.

Active: sources exert sma11 effects on. est1mates at several stat1ons
They seem ‘to-be Jmportant in terms oF attavnment strateqy, on]y dur1ng
summer ‘quarters at S11ver Klng Schoo] Kel]cgg Med1ca] Center d';ﬁ "'s"'i
Smelterviile. At these Tocat1ons the act1ve 1mpacts can he traced to e
transportation activities around- the smelter-and: McK\nley Avenue area, and “
sinter product handling in areas peripheral to the <me1ter._'¢'f’5":f“" |

Pa551ve sources exert significant impact at several mon1tors ’]15f_ff*‘”"“'”“'“
terms of percentage impact, Cataldo is meost affected as a result of h1gh

lead alluvium deposited across the flood plain and the Mission: F]BLS
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In concert with other sources, however, consideration of the passive

sources is most important at Silver King School, Smelterville, and'Kéi]dgg}_ed"
Medical Center. Both Smelterville and Silver King“aré'sur%ounded by-.

numerous high lead passive sources, eSpec1a]1y in the" 1mmed1ate v1c1n1ty.

of the smelter. Kellogg Medical Center is exposed in the predom1nant w1nd9i:"5f

direction to the airport area:and the mass1ve ta111ngs pond lmpoundment
area,

5.5 DISCUSSION OF MOOELING RESULTS

ing: the ba51c source receptor re]at“onsh1p ear11er 1t was ev1dent thatd

certain: meteoroIOg1ca] cond1t1ons»»re cr1t1ca] zn determlnlng dISpersaI

-condltlons and: amblent concentrat1ons.,nfthe S11ver Va1ley. Because these~m'

cond1t10ns vary w1th season and because the NAAQS_xs a_quarterly standard

that inhibit dispersion. These cond1t1ons preva11 ln the IatetfalT and:

winter. Active fugitive sources, on the other hand have the1r ut _:jﬁ

impact under unstable conditions with 11qht winds in the absence of
moisture. This type of weather occurs in the spring and- ear1y summer

Finally, passive fugitive sources are active at neutra]'cond1t1ons~w1th_;'*3 S

dry surface conditions and high winds. This weather occurs in:the'summeb_-f

and early fall.



Table 5.6 Source Categories’ CriticaifSeaSQnS'énd,Impaét>5rea§v

Largest . critical ‘f'ff'l Cfitical_ : ‘Maximum ambient
Source category component. S season. . impact _ 3estjmate
sources ST (quarter); .. oarea - ug Pb/m” quarterly mean

7.0 ug/m>
o SKS

n

Low-level smelter  Lurgl  50% ‘F5]1 winter ;t  :‘< 1 mi.
o : ' '~f  ["Si]ver Klng.
OrePrep 35% | (4 1) . Smelterville

Crushing 10% ' | : L "_}":-‘_ .,.':_.. : o

3.5 pg/m>
KMC, KCH

R

Mid-level smelter  Blast furnace ssz_ Hinter 352’ 3§71_.2‘4'mi-'

n’

Pel]et dryer '25% (]) S ,i*Kellogg, _-'

R

Bui]dlng vents ]0% ;?}:1>>iv'; f1:1 :':  :P3nehur5t 2.5 ug/m3 PNH

Active futitive Smelter roads ,f ’j{$p”fﬁQ;f§ﬁmﬁ¢rfi J :<'1 mi R o= b ug/m> SKS

,McKinley Avenue 'NuﬁKeIIOgg '2 3 f5 _ :_ ' .4'pg/m3 KMC

Passive fugitive 'Alrport ' f,T  ;;j§unﬁg;;;f§11; o "f1~m1 S “'[:6’ug/m3’§xs_
| SR ot L s Sme]terv1i]e.v:f‘ o -
t5fsmelter proPerty. _Jz?Vfgé’é)fif"f' ~ Silver King,

i = g/’ snuf "
. MiKellogg

‘.;eg}”;75ug/m KMc;'t‘ |

6L
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This situation has a temendous impact on any strategy developed to
meet the NAAQS. Table 5.7 examines the model estimates for the'severel‘ d
non-attainment monitor locations. It can quickly be seen that the Qb%é{h_;of =
. Case situation for each of these locations occurs in the- 1ate fa]T and
winter. Furether, it is evident ‘that the 1mpacts dur1ng th1s per1od are
nearly exclusively due to low- and mid= 1eve1 sme]ter sources. Act1ve andififf;ka:
passive fugitive sources are, for al‘ pract1ca1 purposes absent dur1ng

this season.

There are some important conclusions that can be drawn at this . =

" point:

- 1. As.the critical 1ﬂpact season for the non- attalnment area occurs-]dff
~in the winter when active: and passive sources are pract1cal}y i
absent, ‘the. contro] strategy for th15 season must be a1med at theg
,smelter sources ' S et i : :

,As the pr!mary 1mpart areas for 1ow--and m1d- 1eve1 smeitervfiﬂif”’

,sme]ter sources -and - pass1ve and active fug1t1ve sourc
summer months. “Will the smelter ‘source reductions re
meet: the NAAQS in‘the winter be suff1c1ent to: guaran»ee the i

standard in the- summer: when comb1ned with: the: active and: pass1ve
source contributions? = This d1ff1cu1t ouest1on is. addressed
the next Section of this report : 3 e




Table 5.7 Critical Quarters and Principal Sources,fof.ﬁdanttainment'Hohitors

Location

‘Critical
_season .
(quarter)

Maximum ambien
conc. ug Pb/m
quarterly mean

~ Component sources

Ambient impact
(% max. impact)

Low-level  Mid-level

Active Passivye

Pinehurst

Smelterville

Silver King

Kellogg
City Hall

6.0 ug/n’

Hinfer'

)

3.1 ﬁg/m3'

4.2 ug/m ufntervv L

U
1.2 pg/m>. - - Fall
 Minter

},:i.i(})ﬁs:fv;

6.3 ug/m> .

ey

3

29w’
'f-;g:j(ﬁéi)ﬂf 3 '
o (san)
26w’
‘;  Z;faﬁé/m3fflﬂ

2.2 pg/m
“12'P9/m3

o (29%)

j3$5?ﬁé7m3f |
()

3 0 0

',(gzg), ——- ——-

<.l ug/m3 <.1 ug/m3
(1%) (1%)

.]uqmﬁ

() (2%)

St e

.1 ug/m3 <.l ug/m3
(12) (1%)

Le
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6.0 STRATEGIES FOR ATTAINING THE NAAQS

6.1 ATTAINMENT CURVES

In this mode1ed»representation,nthe primary Sources'o Iead 1mnact
have been grouped into four categories.  Even: w1th th1s cons1derab1e S1mp]1-17oif7i
fication, deve]opmenr of & suff1c1ent atta1nment strategy w111 be d1ff1cu]t
Each of the: four maxn source categor1es can make a *1gn1f1cant contr1butvon
to. ambxent 1evels when app]1ed to’ the ] 5 ug/m proposed standard Horeover,f:_no
- those meteorolog1ca] s1tuat10ns that cause the greate t source 1moact for .

- one -category are ncc necessara]y the most s1gn1f1cant 1n other categor1es

v‘ As a result, great care must be exerc1sed 1n se]ecflng the proper conontlons-f-“

under which to: evaluate an attaxnment strategy

in order to determine those comb1nat1on; of source reduotwons‘tha”ﬁ
will resu]t in attainment of the 1. 5 ug/m standard tne concept of the
“1imiting ¢ituation" must be introduced. The “11m1ting STtU4t1on"ff§f

period (quarter) and location (monitor) that requ1res the greatest sour”a

reduction to meet the proposed standard. The “11m1t1ng s1tuat1on“ for any

source category is detarmined not only by the absolute mugnxtude of that :

source estimate, but also the relative maon1tudes of the other source "ate;,_o“

gories in that same period _ | '_ :L AR
Achieving the proposad standard under the moc-led representatfdnf;f7”i'7o7?°

requires that the following constraints be true under the "limiting sié@éi??qfﬂlfjfﬁ

tion" for each source.
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(1 = C gyl * (SMLOWEST) + (1 - Cyp) *,(SMM;DEST)
P (1 Gpg) * (PASEST) + (1 - CACT.)_ ?-*"“‘?TEST-,J < 15 -

LSMLONEST quarter1y 1mpact est1mate of Iow smelter sourcas

— »j;SMMIDESTf= quarterly 1mpadt estimate of m1d sme1ter sources

'-3laPASEST& quarter]y 1mpact est1mate of pass1ve sources

quarterly 1mpact est1mate of act1ve sources RN

'1 “_ CLbﬁ1=ffract10na1 reduct1on of 1ow sme]ter sources

; Cﬁi6 % fract1ona1 reduct1on of mxd smeTter sources

ffracttonal reduction«of?pa551ve sources

 Cpps

‘1¥2 f].icAcT ’:f’a°t190§1%r¢499ﬁ‘95'Qf;acti?e-509?9?5._.  1-*ﬁrft;_”«a;,;::

‘ It foilcws that constra1nts:for:each source category can _’_
developed as shown :uiféi,_'j}f]; rf; SR e

g <1s - 0 Gomen

“ff(1'f C§As)(P$§EsT);fl(1kfiCAbTXKAPTE§T>?§r;?¥}[?~f  ?

(- ) (SMLOWEST
Cup 2 SLow! T§ﬂﬁTﬁE§T§

PASEST) . . (ACTEST)
+ (- CPAS) ?%ﬁﬁfﬁssri # {1 - Cacr) TSHATOESTT



-:,estrateg1es under aT1 pess1b1e s1tuat1ons, atta1nment curves can be develonedf
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1.5 (SMLOWEST
Cpas 2 1 - TghsigTT (1= gy ‘1hxsts?7l
(1 - Cypg) SSHI0EST) | () _ (ACTEST
'1‘('?5KSE§TT"L ACT PASTEST
o3 ] - lL8) (1-¢ )f SMLOWEST f._*-
ACT * ACTEST CLow) “TARCTESTY
(PASEST)

CPAS) rgfyg 8 _.-

’ ’These equattons can be used to determwne the requ7red contro? for ;ﬂ?V? S

"Ivany source category by def1n1ng a control reg1me for the other three cate-=::Tfjﬂ5f_f

’,gor1es "aiven a proposed control reg1me for three of the sources, the

; 1Tappr0prlate equat1on 1s solved for each of the mon1tors for each quarter.1hi
'ﬂ}the study The max1mum vaiue of C for the fourth saurce as determ1ned by. .
‘ihth1s method then represents the "11m1t1ng s1tuat10n" for tha contro]z :
'hst:ategy If that maxnmum va]ue exceeds 1 0, then atta1nment of the amb1ent3
| tstandard 1s 1mpnss1b1e and further controls must be imposed on at least oneﬁ

'g‘hof the other sources By 1terating this process for all 1nterest1ng control

{that 111uscrate those combxnat1ons ofsource reduct1ons capable of uch1ev*ng

.the proposed standard. _ SN G
A primary concern of this study has been to evaluate the "background“:

contribution to ambient lead 1eve1s at var1ous 1ocat1ons 1n the val]ey and

how those "background" contributions can-affect an attainment strategy forfjahﬁ'*7”

the area. First, a definition of background is in order. If "'aCkground";“h; ajff}fﬁ
means lead levels in the absence of industrial activity, then they-ere:ieijjjj,liu"'

probably best represented by passive source category. Active sources,
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although they are akin to industrial activity, are not easily addressed-infﬁ:f
an attainment strategy. The primary active source contributors to 1ead5d"
levels are materials handling of smelter by-products and 1ntermed1ates 1n

‘areas outside the smelter proper, and dusts raised by transportat1on act1v- gfoh?,:_’”i

ities in the vicinity of the smelter. The exact regulatory mechan1sm to be e

”emp]oyed in ‘reduction. of these sources is unc]ear .

It is likely that the eventua] def1n1t1on of "background" W1TT be thefﬁf;xﬁ
_ pass1ve source; contr|but1on olts some fract1on of the act1ve sourre contr1b‘
-:t1on Fvgure 6 I shows the resu]ts of so1v1ng the constra1nt equat1ons for

“the. ]1m1t1ng :1tuat1ons assum1ng no contro] Tn'pa551ve sources and 0 25, -

t;SO 75, and IOO% controT of actave sources

va]ues on thTS graph 1nd1cate the m1n1mum comb1nat1ons of Tow- and m1d-seve]3n

'sQUhce reductions required For examp]e g1ven no pass1ve controi and SOM.; e
.'”act1VE'COﬁtFGT possto]e minwmal control requlrements are found aTong the

azflnzu 90) com;

'ﬁ-SOZ 11ne on the graph (e g v LUW 90 MID = 84 L0w

'_bvnatfons of low-.and m1d-1eve1 contro] above and to the r1ght of the solu-

"ntion Iine w111 achieve the standard those to the 1eft and below the 11ne

Wil ot

" The vertwca] 11ne in ngure 6 T shows that no matter how much contro '

is-exerc1aed.1n the:actiye and-m1d~1eve1 sourc tategor1es, at 1east 80%
IoQ~1eve1 control 1s-nece§sary This is figured assum1ng "0 pass1ve con-
trol. However, even if 100% passive con*rol 1s assumed, so]v1ng the CLOQ‘
equation for the "limiting situation” y1e1ds a controi requ1remnnt of 78% ?bdiﬁf
The "limiting situation” in this case is the: second quarter of 1978 at -
Silver King School. Knowing that at least 78% control of 1ow-1eve1 sourcesftzf"“:ﬂ

will be required regardless of other source reductions, the constra1nt
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equations are solved assuming 80, 85, 90, 95, and 100% low-level control.
One set of attainment curves was then developed for each of these low-level
control strategies. That family of curves is shown in Figures 6.2a through
6.2e. In these figures mid-level control requirements-are plotted against
a supposed passive source reduction;'the 1ines themselves represent a con-
stant level of active source reduction. . As with Figure 6.1, values ab§ve
and ‘to the right of a subject line will resu1f in compliance; those tb the
ieft and below will not.

Any: combination of source reductions: in:the four categories can be
evaluated by these curves, ‘For:.example, suppose no additional control on
active or passive sources is contemplated, and 90%.controi ofJow-level
sources is proposed. -From Figure 6.2¢; it is determined ‘that 91% control of
mid-level sources will be necessary, Or suppdse 50% active and 25% passive
control were feasible but only 80% low=level control were proposed: Under

this proposal Figure 6.2a shows that 84% mid-level control would be required..

6.2 ~ EXTREME EXCURSIONS

The inability of this model to predict extreﬁe values: at:all stations
has been discussed. Although that inability is not thought to affect the
relative fmpact caleulations for mean emissions, thesg particular days:-must
be considered in an :attainment stratégy because of their effect on the
quarterly arithmetic means. These days were identified and examined sep-
arately. The results of that examination can be foun& in:Tabia 6.1, The
data for each extreme day were qualitatively examined and: each day was
assigned to one of five categories. Those categories were determined by

four factors found common to several of these excursions. The first
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Table 6.1. Tabulation'of‘fogsiblé;caus¢$ for Extreme

Air Quality Excursions

SUSPECT

. CAUSE STATION S L S
CAT  KIN PR AV  SKS  KC. KCH 0SB - WAL . EAST  WEST TOTAL
| i |
4

DRAINAGE WINDS O e e 0 6 6
STAGNAT LN 2 322 B 3%
LOH WIND SPEEDS 2 | S RN S BN V)

STRIKE/STARTUP 1 12 1 0 4 18 22

N S lE W @
-

UNACCOUNEED 1

3
:
~N

s DAYS & s o Sz a2 s 19

su 1.4 2009 1634 369.8 485.1 2331 2115 100.3  42.1 587 . 1050.6 1626.2
HEAN 29 4z 65 1S4 2301302 nz 1S 107 133 g

§ DAYS C165 MO 150169 167 16AT NS 11z 1610 a2 781 1433
381 76,1 2131 805.3 1093.3 659.6 614:2 222.0 111.6 1607 2323 3930
5S4 LE 48 66 A0 4z L3 728 2.9 a7

A8
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condition was several days of extreme readings during the strike of 1977,
and the startup period following for which no meteorological data were -
recorded. The second factor included days of extreme atmospheric stability -
or stagnation. The third situation was severe synaptic drainage winds .
affecting stations to the west of the smelter, and the last 1nc1uded per1odsi;
of low wind speeds in the middle atmospher1c levels. No meteor01og1cal or ,}',.
operational factor could be foundvto'eXp]ain the extreme.va1ues,on thex,}f;f:;a'
remainder of the excursion days. B | | | |

Three of these. factors are acccunted for. to some degree 1n the mode]ftiﬂ? v:a
The stagnat1on and dra1nage ‘wind reg1mes and Tow w1nd speeds 1n the m1dd]e

‘atmospheric . levels were emp1r1ca1 qua11f1ers in the regress1on equatxon

‘Pa551ve source: est1mates pred1ct sxgnmfucant 1mpacts w1th draxnage w1nd and-tfﬁ:
. extreme stability is treated by nearly a constant d15pers1on parameter
- These factors, however. do not predict as high an. 1mpact as was observed
‘Perhaps -the remaining two categories can suggest why During the str1ke

" the smelter was operated 1nterm1ttent1y by saTar1ed personne] and cons1der-

. able construction af pallution .control- fac111t1es was carrxed on by outswde i
contractors. Following resolution of the labor- dwffwcu1t1es, new po]Tut1on :
control facilities were in use. It may be possible that less than effic1entii'?"'
. operation was practiced during thesa per1ods resulting in exaggerated em1s-:-:

sion rates. furthermore, those: days for which no meteorolog1ca1 explanat1on}f'

~of the high valuas can be found are 1ikely caused by abnormal emissions. ey
Additional investigation of company operation records and upset reportggmay?::av_.
be worthwhile in establishing this point. o |

The remainder of the discussion here will contend with the impact;"z't-'

rather than the cause, of these days. The top part of Table 6.1 shows the



}"~Fand extreme stab111ty. 9% to Iow w1nd speeds, 23% to the atr1ke/startup

"t“ﬂper1od, and 33% are unknown In tne easter]y d1rect1on dra1nage w1nds have )

7}';str1ke per1od however, d1d not seem to affect eastern stat1on= to the degree.

' “d*that occurred to the west lh14 may be attr1butab1e to less than twenty;f

~ffrf;eest of the Sme]ter 1s unknown

rff*f}otal 1mpact measured at each“ntatwon The number of e_

i ',,an average day

_.number of extreme days in each category for each stat1on, for each d1r9Ct1on’ﬁf€ff"?
and. total tabu]at1on It can be. noted that to the west of the sme]ter about‘ff'"l';”

-f;B% of tne severe days can be attr1buted to dra1nage w1nds, 32% to stagnat1on‘}

',:7no effect as the mon1tors are upW1nd of the sme]ter A s1m1]ar percentage

"”_'of axtremes were attr1buted to Iow w1nd speeds and extreme stab111t1_$b$s

'j\operat1ons of thifsmelter and the w1nd dtrect1on assoc;‘ted w1th the'op:f

'¢7fv3t1on sh1ft The suspected cause of over 60% of the extreme concentrat1ons

e lower part o“ (ao e 6:1 showsvthe effect of these days on theh

'mon.tor is shown together w1th the mean and tota] 1ead 1mpact These va]ues

v'5'7are compared to those for a]] days Th1s showsvthat

-I'stations, from 8 to 77 of the:days account for 35 to__yftfv;f_fhw

v'tthhese days have about 4 times more 1mpact on the quarter!y mean than does:=

Any atta1nment strategy must consider‘these daysv nd'the1r extraor-
'Fdnnary 1mpact Deductive reason1rg conc?udes that those severe excurs1ons
nwhose cause cannot be fouﬂd 1n the meteoro]ogy are 11ke1y due to excess*
_sneiter emissions. These excess em1ss ons are, in. turn }: V_

psets ma]funct1ons, and =tartup/shutoown cond1t1ons Further work 1n thIS:
area amd the-development of an effectfve program for prevent1ng or m1n1m121ngiﬁi

upsets {is requisite to formulation of a v1ab1e atta1nment strategy

s -
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6.3 DISCUSSION

There are numerous r'omhmatmns of source reductaon scenar1os that

E:l w111 ach1eve the nat1ona1 standard accord1ng to results of th1s study

AR However there are certa1n m1n1mum requ1rements and genera]1zat1ons that can;f'”

'n_xe]should be estab]1shed

i';be made In order for any atta1nment strategy to be successfu ,_the extremef”fiﬁft”

”,:'excurs1ons suspected resu]tant from orocess upsets ma?funct1ons, and

f;7;startup/shutdowns must be addressed E)ther add1t1ona1 stud1es shou}d be

:n;:undertaken to confirm the cause of these h1gh concentrat1ons, or a c0mpre~v

’*uhhens1ve program and accompany1ng regu]at1on contr0111ng these =1tuat1ons ffaf”ﬁﬁ;gﬁﬁ

o leen that severe excurs1ons are successfu?ly addressed the atta1n-_hf:[;753
ﬁment CUPVLS can be used;t” ascerta1n further requ”rements Under any c1rcum?ffxsﬁn5

:-‘;;Assum1ng an 85% reduct1on 1n 1ow-1eve1 emissions,_significent 1mDr°VE'”

'f_;ments 1n amb1ent concentrations can be ach1eved by reducfng the acttde _nd

'-:rpass1ve components.,vRemembertng that Ke]]ogg Med1ca1 Center 1s the ?1m1t1

"n]h_s1tuat1on regarding passive and act ve sources, improvements in those sourcesh;g;,w;

"_:;taffectxng th1s mon1tor may be worthwh11e Those sources are s1nter: roducd

"hjhand11ng outside the smeTter, McK1n1ey Avenue, the a1rport area,o"

:ffigrounds/Tumberyard area, and the tailxngs pond embankment area W1th s1gn1f1
'zfcant 1mprovement in- these areas and 85% reduction of 1ow-1eue1dsources per '
“haps ‘an 80 to 85% contro1 1n m1d-1eve1 sources wou]d be necessary i

Exam1nat1on of Table 4. 3 shows that b]ast furnace upsets are the
domlnant source in mid-Ieve] em1ss1ons Th1s same source 1s su5pected as

being the largest contributor to the. startup-upset extreme excur51ons. Qifjffifg':ﬁh

these upsets were eliminated, achievement of the standard»would_TJke]yrbef!f;ﬁ'ﬂ'jjf

much easier.




One add1t10“31 point shou1d be con31dered in deve1001ng an atta1nmentf o

_aserategy AT the: atta1nment curves are based on: at Ieast a 78% ]ow-]evel

'-emxss1on reduct1on requ.red at Sx]ver K1ng School Nere the sme]ter owner

f*]to purchase a]l property between the Sme]terv111e mon1tor and the p?ant

h1s requirement might be 51gn1f1cant1y reduced

A11 these factc's deserve con51derat1on However, 1n generaT__

"7e2;f.E1ghty to 85% reduct1on 1n ]ow~1ev‘ -a 1
' ,'e]1m1nat1on or rerout1ng d1scharges:to the_ta]] stack

_e”L1nfor Lumber, Sme]terv111e fa1rgrounds o
'“,smelter ta111ngs pond embankments e




vf;ffqualmty for thxs type of ana]ys1s. As a result great conf1dence can‘be SN

'.:_f1nf1uenre th1s a1r pol]utlon prob]em. Those weather cond1t1ons that have

o the source. 1nventory developed in SeCt]O"
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7.0 CONCURRENT CONSIDERATION OF NAAQS AND OSHA
SOURCE REDUCTIONfSTRATEGIES !

7. l Data Qua11ty and the . Re]wab1]1ty of Resu]ts_

There 1s cons1derab]e dxsparwty 1n the qua}1ty of the data ut111zed

'1n the' severa] precedwng elements of thTS study The envvronmental data

vt(l e. weather, alr contam1nat1on so11 1ead content etc ) are of excellent:#ff*a?*f

’ 1p]aced in those concTus1ons regardlng the meteoro]og1caT factors tha;

the most severe 1mpact have been 7dent1f1ed and the seasona7 effects have

3ffbeen fharacter1zedLﬁ The source categor1es re]at1ve contr1but1ons have f

'v:been quantlfxed and thevffrequ1red percentage emwss1on reduct]ons have

e:been estlmated by meteoro]og1ca t_:”"'

q'conSIderat1ons can be trusted.. Spec1f1ca]1y, the we1ght anv“e:"- S

'fviupsets and malfunct1ons"in"contrxbutlng to excess amb1ent lead con'en_ra-

et1ons cannot be d1scounted

On the other hand the em1551ons data are re]at1vely sparse and th

;emlss1ons themse]ves are subJect to cons1derable var1at1on. Add1t1ona11y,%;

wspans a”fvve~year per1od_ _

_e;(1975-80) dur]ng\d11ch cons1derable changes occurred__afnhd;fhrhﬁ'i:t

';spectra. As a result the source 1nventory used 1n thusfstudy may not

‘;accurately reflect the fac1]1ty s em1557ons character1st1cs at the twme of

its Jast operation. It was or1glna11y planned to use a new em1ss1ons“’f :

inventory developed in 1981. However, because of severa1 1egal obgect1onsaf

and the subsequent shutdown that survey was never re]eased



Lvldenventor1ed 1n Tab]e 4 3 cons1derab]y more uncertalnty 1s

95 -

The problem of uncertain emissions measurements’was-reCognized-earJy,r_*-;l

in the model development, This'was'the~primary.reason“for:using thé

’emp1r1eal approach of re]at1ng amblent read1ngs to ‘emissions: estlmates 1n

a-categor1ca1-1nventory. In that way, ‘the: resu]ts cou]d be expressed Tn

;{fpercentages or relat1ve terms whose c0nf1dence 1eve1s were based on _'5
n’meteoro]oglcally der1ved ver1ab]es. As a resu]t the atta1nment curves 5

?h;pre>ented in Sect1on 6 and those appear1ng 1n Sect1on 7 3 can be re]1ed o

?ffupon to 1nd1cate the percentage reduct*ons necessary to ach1eve”NAAQS

-dunder the prescr1bed cond1t1ons. _;;"“"

However, when re]at1ng those requ1rements to the actua]”em1ss1ons

I'f’,,_-- -

troduced

"_fo1nventory muqt be useded

: ;;;general conclusuons of Chapter{_fQ;’?f**

'i-fwjbe called for and more spec1f1c rec0mmendat1ons m1ght be made

"1fjexamp]e, w1th detalled operatﬁ

-:funcerta1n future there Ts ]1tt1e advantage wn re]yunq on other than t3

Nere the new source 1nventory ava1]able'more 1ntense mode]1ng _ou]d

For

ﬂ”s data, spec1f1c reference'could feumad

':hfto New Souroe Performance Standards Best Ava11ab]e Contro] Techno]ogy,

3 and Econom1c Benef1ts Cr1ter1a., In the rema1nder o' th1s sect1o,”on1y-

-general conclus1ons will be drawn as to the mutual ,s1wu1tan-

eously considering OSHA and NAAQS at-th1s-fac11ty,-_ -




h-_}vp]ant.v The bas1c premISe of thlS study:1s to use the Cartog:w hjc;McdeT;
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7.2 Source Reductions Necessary to Meet £ach Standard

The problems discussed above do not d1m1nwsh the rel1ance that can be..

p]aced on the conc]u51ons that: fo]low or detract from what mlqht be ]e:pb

;_ed regard1ng the feas1b1]1ty of contlnued and comp]1ant operat'on of thws_aﬁ'°" gt

.from the ]eadasmelter._ Thefobqectlve 1s to determln _“_“f'”fh  :

' “@Radian reporti_

as followq

'fprocesses emp?oyed at th1s_fac1]1ty,_comp iance 15 1nposs1b1e i

two areas. .to rout1ne

eebthe H1gh11nefarea, 1€

Ied fugltlve dust1ng, and the Blas

zFuhnaceﬁahea“;

blast furnace upset.

Compliance with the NAAQS 15 cons1derably mﬁle,comp]ex be"”
much smaller standard, the intense meteoro]oq1ca] and terra1
the number and behavior of sources w1th1n and outs1de of the camp]ex cap-

able of affecting the community. However, the general conc]us1ons o

Chapter 6 can be restated here as being necessary to NAAQS,cpmplyance,'j;fffl_f



”"V?vber one: concern for th1s fac11ty The f1rst item-above is solisted

"'ftaken 1n51de the comp]ex and are not’of

DR The last two Items are oertlnen
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1. Some active and passive fugitive dust control measukesrwill thé?’5’

to be instituted outside of the complex. They 11ke]y w1'1§1

for. contro]]1no excess em15510ns resu]- S

tant from upse

, ma]functzons, and startup/shutdown procedures pj:

must . be 1mp1emenued

The order of presentat1on here does not ref]ect a reorder1ng of

pr10r1t1es from Sect1on 6 E11m1nat1on of upsets 1s and remains the num=::-

zi_because these meaSures w1]1 11ke1y be ;equlred ndependent of “actions.

| 'hat1ona1 concern,
yoational com=
' f:plxance and are d1scussed in deta1] they appjy to

hsfexcess exposures both in the work p]ace

7. 3 Mode11ng Ana]yses of Simultaneous Effects

Ins‘de and OutSIde the Smelter

It is clear from:the previous discussion: and the resu]ts of Sect1on 6
that meeting the NAAQS will require source reduct1ons “in each of the four
source categories: Active fugitive sources Passxve fug1t1ve sources |

Low-level and Mid-level smelfer emissions. The last two of those




--.'_a]ternat1ve scenarlos are. mode]ed In both 1t 1s assumed that a 50%

9g .

categories have impacts on occupational exposures as well. In this-Subejdd:
section the Cartographic Mode]wng System is employed to eAam1ne what per- f ﬂh.f.

-centage of reduct1on opt1ons are fea51b1e for: these two categor1es. 1Two-r'

"_;reductlon has been'""

hieved in each of the Act1ve nd Pa551ve“source L0n~f%g;:,

'f{*trnbut1ons.ﬂ The f]rst scenar1o con51ders the current real propertv con—-'

"f{df1gurat1on The second s1tuat1on assumes that the smelter acqu1re a]] the’d}dz;ﬁ

K .{[tlnmune from NAAQS requ1rements

”d;fConcurrentIy, mi

[]ard w1th1n one-m11e of the sme]ters maln stack thus,.extendlng:the area

The resu]ts are summarlzed for eaC“SCEHBIIO in: F1gures 7a and 7b

"n_respect1ve1y Both show those comb1nat_,ns of soorce category reductlons_._,ﬁ

-fﬁthat wou]d resu]t 1n NAAQS comp11ance g1ven the assumpt1ons above.;.Ihﬁ}

“_fF1gure 7a, wh1ch effect1ve]y representsu'ompl1ance at the Sllver K1ng

mSchoo] 1ow 1eve1 em1ss1on contro]s range from a requ1red 80% to 100% S

'ﬁeve1 reduct1on requ1rements are rrom a h1ghfof 78% at.

' *_7the m1n1mum'10w 1eve1 reduct1on requ1rement down to a Iow of HZ% were 10

;t*;]evel em15510ns comp]ete]y e11m1nated
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The predominance of low-level sources' effects at monitors»iocated'
near the smelter is clear. Significant decreases musi be- achleved in: thlspd'"d:
category regardless of other emission reductwons ~This 5upports the com-;ftgflhfti
mon bel ief that ground level fugitive dust re]eases around lead smelters |
_are a magor source of- excess 1ead 1eve1s 1n the: nearby commun1ty |

F1oure 7b shows the -5ame: resalts assum1ng the smelter property 11ne

were: extended one m11e d1stant. Now the optlon of - reduclng 1ow ]eve]

emiss? ons extends as low as’ 50% w1th a concurrent m1d41eve] reduct1on

jrequ1rement of.96% A total e11m1nat1on of 1ow-1eve1 sources wou]d reduce;f”‘:” |
'-the m1d Ieve] reduct1on requ1rement to 57% _ The 1atter ]S not much ]ower i

"than the 62% requ1red under the present property boundar1es. That 1s

'-;s1gn1f1cant in: the sense that property achISTt]OHS could be used to offn'”ﬂfofif-

aset=1ow eve] em1351on reduct1ons that ,n turn decrease the requ1red
: mld Tevel em1ss1on reductlons. However th]q strategy 1s effect1ve only

'to extend the 1ow-]eve] opt1on be]ow the 80% reduct1on re *%rémeht,;;ﬂaw,

zfadvantageous th1s mlght prove depends on the ease w1th wh1ch ]ow—]eve]

: _em15510n reduct1ons are: achteved If for lnstance 65% of the em1,§1on
' .could be re]at1ve1y ea511y e]1m1nateo a property extenston ano s]tghtly

'h1gher m1d ]eveT reduct1ons m]qht be more eff1c1ent than»attackqng the

"lrEmatnrng 35% of 1ow-1eve] emissions. - Cons1derat1on of such opt‘onsﬁ:"'“

vurequ1res specific knowledge of the current em1551ons and how d1ffacult_
“they will be to control. That d1scu5510n 15 reserved for the fo]]ow1ng
Section of this report.

7.4 Concurrent Compliance Strategies. for the NAAQS and OSHA Requ1rements

Discussion of the results of the analysis of the 0rev1ou5 sub sectlon‘;“}ffgff?
is presented in a new sub-section because of the Drob]ems a11uded to in-

Section 7.1. Use of the actual emissions that make up the source
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categories begins. The analyses now moves from relative to‘absolutejcen,:ug:ft¢;3'

siderations and projections. From this point on, there is added'unCerévv}f'_j~5”*

tainty associated with the quality of the available em1551ons 1nve1tory
Low-level emissions: This catesory s em1ss1ons are prlnctpa]]y from]i*fh
two types of sources of about equa] contrwbut10n.- Ab0ut half are
“from the Lurgi s1nter p1ant area and are predomvnantly p01nt sourceséfﬂu

A similar amount are frOm the H1gh11ne area and are the resu]t of

_uncontrol1ed fuq1t1ve em1ss10ns Th1s 15 a corven1ent d1v1510n for f*i"

_drscusswon of these sources ’ Povnt sources ‘are not as;ﬂmportantvto

:1ndustr1a1 exposures and are more ea511y addressed than the fuglt1veff”_f
}sources. It 1s 11kely that suff1c1ent controlf for NAAQS compllanceedshh
'eneeds are current1y avallable and economlcally f”as1bIe fof
sour- es.f Control of these sources could effect as much asﬁ_,e_di
;'reduct1on i 1ow-level em15510ns. The uncontrol]ed fugxttve souhces

in uhe nghttne area are much more d?ff]LUTt.: The Radtan study con-f

' ':cluded that these were 1mposs1b]e to control to,vhe extent necessaf

' V:.to ach1eve occupatvona] c0mp11ance.. Many of these sources are manl

".1fest tc the out51de env1ronmentnthrough bu11d1ng vent11atlon and

f,:there seems to be a SIgn1f1cant:d1fference in the sources that work-f_;f

":ers and- the communxty are- exposed to from Lh1$ area

 Mid-level emissions:. These sourcess are due a]most ent1re]y‘to one

of two sources. Point source in- the pe]]etlz1ng area make u ':":"'d '
30% of this category. The remainder is: due d1rec+1y or lndlrectly to ?f'
blast furnace upsets. As with the low-level sources 1t 1s ]1ke1y

that a significant reduction in point sources could be: achleved

through application of available add-on technologies. However,‘blast AL



"-.dbbe addressed

: __1:02 o

furnace upsets are the pr1mary concern with- respect to both communltyf;if:'k
and occupatwona? exposures’ and are. doubtless the most d1ff1cu1ty

emissions. to contro1 in the entrre comp?ex.- Numerous attempts have ff}ﬁ‘f”'b
;been made in: the 1ast fen years to contro7 thws source._ None have ia.f!nft._.,

fsucceeded If NAAQS or OSHA requ1rements are ever to be achleved

'i,the b]ast furnace upset cond1t1on w111 have to be substant1a11y

nereduced _ It 1s un]1kely that th]s could be accomp11shed w1th the
W'h:-:current p]ant conf1gurat1on. New process des1gns and a ded1cated

"f‘gcontrol devwce may be. necessary..lw""'

If the goa] of the sme]ter is: to compTy w1th both standards 1n a com-

,:pat1ble t1me frame then based on these em1551on data, the preferred-co
ftrol strategy 1s obv1ous There are two absolute requlrements that cannot

'}be avo1ded In order LO ach1eve comp11ance w1th OSHA standards in th”

'h'fH1gh11ne area at 1east 75% of the uncontro1]ed fug1t1ve em1551ons mus:?_

t;e11m1nated In order to ach1eve compl1ance w1th e)ther Standu(d 1nd;'

o Blast Furnace area, at the very least 65% of these em1sswons wi]l have_

G1ven thesevprerequ1s1tes; property acquisttlons uould not be.produc—fff
'1>t1ve in meet1ng both the standards Ach1ev1ng the reduct1ons requxred forfif
'fOSHA comp]1ance Ain the H1gh]1ne area coup]ed w1th best ava1|able contro]
-technology for the Lurg1 area would result 1n approx1mately 80% reduct1on
in low-level sources. That, together w1th a s1m11ar reduct1on requ1red :
for the blast furnace upset, shou]d resu]t in comp11ance for bo*h these "i

areas with respect to both standards
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7.5 Economic Discussion

Although no economic ana]ys1s is requ1red by this - contract and
beyond the current resources of this mode11ng techn1que the current sta— e

stus of the complex requires that th1s report be- summar1zed 1n an econom1c f57’

: -:'context G1ven the goa] of g} mu]taneous occupat1ona1 and env1ronmenta1

'v'fgitlme demol1tlon,_and slte Pr eparatlon expenses. That type Of

"fdﬂffnot be made in the foreseeab]e future._?j'”':'

ﬂfcomp11ance fo" 1ead em1ss1ons the fo]1DW1nq maJor contro] act1v1t1es are

jrequ1red

'VT-fal;ffInst1tut1on of ava11ab1e manaqement pract1ces and eng;neerlng

o ;;contro1 suggested 1n the Rad1an report

'-b}'Z.a E11m1nat1on of outs1de storage of s1nter produce and ma1nta1n-""

aence of road“”an1tat1on pract1ces,3""'

>>b3;-ﬁStab111zat1on of contam1nated so11s 1n'certa1n 1ocat1ons,__'*f”

1o:4ff:1nsta11at1on of ava11ab1e contro] techn010g1es for potnt sources

| ;and”ﬁerta1n fug1t1ve sources 1n they;omplex
iy fSQ.ESubstant1a1 e11m1nat10n of uncontrol]ed fuglt1ve'em1ss1ons 1n the'

| s;H1gh11ne area and upset cond1t1ons 1n the B]ast Furnace area

"iﬂprocess a]terat1ons and rep]acements 1n both areas' 5These costs»w111 be

';fmeasured 1n tens of m1111ons of do11ars exclus1ve of the 1ost_product1on

| .'5.f'tf"rhen9s

'fffﬂbecause of current and proaected meta]s prtces and 1nterest rates

If and when th1s sme]twng comp]ex reopens, a ]arge 1n1t1a1 ﬂnQésfméhtc
will be required to reestabllsh a work force, recru1t profess1ona1 staff

purchase reliable raw mater1a1 contracts, -and refurblsh and rep]ace »ff?f




’l':we11 make these commutments were a restart to become rea11ty

='_;to proceed WIth demn11t1on of those parts of th’:

L5 modern Tead smelter.,

weathered equipment. It is also likely that such a serious ihVestor'Wiif'-"' k
be interested in assur1ng substantial comp]1ance w1th hea]th regulat10n5,_ftfei:esvﬂ-

' The-H1gh11ne area of»thevsme]ter is ant1quated It needs to be*rep]aced

f;,W1th up= ~to= date processes, not on]y 1or health reasons but for operat1on4;”i,.‘

i a] eff1c1ency and bus1ness compettveness The blast furnace upset must fffﬁ-'“"”ff"

1:'151mp]y be e11m1nated for any hope of compllance.: A future 1nvest0r may

Perhaps

. the most prudent bus1ness decws1on that could be made at th1$ﬁi1ve m_yube EQF

comp]ex 1ncongruent w1th .

Those demoT1t1on and may e
"V_cou}d be used to off set federal taxes as "d1scont1nued operat1ons Iosses"5f

-feEnd prov1de a bas1s for some future 1ﬂdustr1a? use of th1s fac111ty.:_h
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APPENDIX A

REFERENCED MAP DISPLAYS

=vFqure,A TONNS RIVER VALLEY MONITORS

'i_* F1gure c ACTIVES PTSOURCE SPEcsxTEff}j,f’jjjffﬁj
: F1gure 0: SOILPB ‘SOILCD Sk

Figure £ - poEPASS, PEDCOPAS, pespAss.fﬁ, .
' - COVERMAP, PASSIVES :



Notes for Figure A

The first map demonstrates the map VALLEY overlaid by the river
and urban locations. The second map depicts the urban locations through |
 the map TOWNS. The third nap. superinposes the tonitor locations from the
m’abndﬁmks. | SR A R
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Nates for Figure B

These three maps are first the s]iced-version‘of*thé’EtEVAffON'*;i =
maps. It is divided intc twenty levels represent1ng 100 Foot 1nterva15
ffom'ZOOG to 4000 feet in elevation. The next map shows the ROADS in the
;va11ey and in the ‘third map values above 3200 feet eIevat1on are masked

| out for VALLEY to 111ustrate the re1at1ve 1ocat1on of the roads
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Notes for Figure C

ahese three maps show the 10gat10ns of the Act1/e and Po1nt Source'ﬁff3”5' 
o jlocat1ons, and the s1tes deserv1ng spec1a1 source. ccns1derat10ns 1n the

' ;pass1ve analyses.u The po1nt sour e 1abeTs are by process un1t as def1ned

'*j.51n-Chapter VIII ACTIVES PTSDURCE and SPECSITE are descr1bed 1n Chapter""r_
' .fof the parent document SR
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Notes for Figure D

This series of maps illustrates a part of the dEVeTOpment of¢M e ‘f”""

soi] contamination-maps SOILPB and. SOILCD The fwrst two maps are the 5011 g? f1*'1

Tead and cadmiun 55t1mat95 dEVE1ODEdUby'thﬂire ess1on models 1n thn report'fﬂ _ﬁf ,f
‘text. They are disp]ayed here uSvng »,nﬂque in wh1ch the djf_?xff;;;;;
. ferent levels 51gn1f1ed at the top of the egend:are d1Sp1ayed via corres-n_f”' i

: POnd1ﬂ9 Symbols be]ow Thev1evels'a 1n,_Pm°metals The thxrd map 1s the ] f5
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"-;:the river,

l.l:g o
Motes for Figures E1 and E2

The first three maps are the-PASSIVE sourte'1o¢atidns Fromffh?éé ”
_;stddies referenced in the text. The 11st at the bottom of the maus refers o
to those in Tab]e 2 as indicated by the var1ab]e VAL for PESPAS Sy (VAL - 100{;i:f”

.' €for PEDCOPAS and (VAL --200) for DOEPASS The next map 15 the vegetat10n 3

;.COVERNAP that dep1cts the vegetation cover Ievels for the valley Some of

'-,the ‘areas from thTS map are used together w1th the prev1ous three mans to

_':produce the 1ast 1n th1s ser1es That map referred to as F1g Eg -,X__.:

ishows a11 the Spec1a1 pass1ve source areas con51dered 1n the va11ey”
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Rt Nmow. E.:*ii,sfszirﬁow_i} DA’TA smm R R

l7 f3 f(NEDS) Designatxon for Bunker H11171b5-»*3

Company Po1nt Sources

(Taken From PES 1978) |



TABLE 1. SMELTER STACKS

Units

Process-

“’Pracésiﬁahd/dflCOhtr617f

 NEDS

Name

S1

sz

s3]

1.
T2
113,
4.

15,

- Smel ter Acid. Plant

.‘flurgl Strong Gas }
ﬁﬁ_lurgi Heak Gas

fﬁ;l&ﬂd Blast Furnace s o
: ”5;;lead BIast_Furnace:recd_{SintPrxrunne])

.5Crushing Plant Dryer - Scrubber S o
‘Crushing Plant Dust Collector - Rece1v1ng BinS‘
Crushing PYant Rod Mill Scrubber - _
Crushing Plant Conveyor - Baghouse o

:OPP Ore Preparation Plant Baghouse

;fﬁpelletizing Dryer - scrubber | .
. Return Sinter Storage']} e o
ZPeIletlzing Plant conv. | "' Scrubber

. ;Lurgl "N" Rotoclone - Sinter Discharge
" “Lurgi "B" Scrubber:
.olurgis
._“lurgI

- Sizing Building
" “*Scrubber'-'SiZIng Building

Retroflt Drum

02

03
04

05 .

06

07

e

e
|k R

A" Scrubber-- Sinter Ro]]s -i,gf_;; ; .f;fv'g]2,;“

1:;2 .01;” ?: B]ést'Furndce

Crushing
Plant

Ore Prepara-
- tion Plan

Lurgi Sinter

‘Machine

fSizing
gButldlng

Aj3 . Zinc Fuminq
.g,P]ant

Sy




S8

s9

S10

28. Lead Refinery - Dross Kett!es - Scrubber
5. ‘Reverb Norbio Flue to Main Stack ;

| 24. ‘Reverb Granulator Scrubber

23."7Reverb Speiss Discharge - Baghouéé

6. '£]ectric Furnace (Copper Dross) Norblo to

'»25;'1Electr1c Furnace Granulator - Scrubber

‘-Silver Refinery Duct
7. Retort- Room R
gB;_“Cupels

-9, _Monarchs

32

17
13

0
15

01
01
01

Roof Vent

Lead Refinery
' and

Reverb. Furn.

Silvery
Refinery

VINEDS 01 Maln Stack

Table ] itﬁciéLANTNSTACKSib;f"'

e

IProcess | =

'g“fProée§s 6nd/br'Coﬁtrbiﬂyfﬂ, I

“NEDS

Name

4o

22

fVScrubber'"

'W_§2;iﬁconcentrate Dryer - 502 Mon1t0r

:’;:}:33;57Concentrate Silo = (No Control)

“_Lpﬁfrom Rail Car .:;-,, N

'**’-21'6_6,5;Pl.af‘_hﬁfi_A'Cfi d_f’féﬁl,é:bt"i‘-ii‘
iﬂé;RSTR

Zinc Plant Acid Plant

N RSTR. -27;;;lfi;jfjf»L 
e ,a}i'.!3 RSTR _29 :

o ig;f.

.
oo cIPlant _
S ) Ruasters

(Concentrate
Dryer)

(Zn Roastlng

VA
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24

R 42,;£ScrAp Furnace Scrubbern—-Not Hooked Up
.3240:ﬂ'l2 Melting Furnace Scrubber ey

~|41. " #3 Melting Furnace Scrubber-

- '|41A. #3 Melting Furnace Veats :_i;:

- |42A Alloy Furnace I

6

36. Rdasting-Departmenteteﬁyeyor_Scrqbbet,

34. 1#1 Nedge Roaster~5crubber o

39. Melting Department Dross- Baghouée
37. 'Roaster Dross Baghouse o

'j35..eResidue Dryer ~ No Cont Temp

7Scrap Furnace Sky Vent

',5238;71Purification Zinc Baghouse
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