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STATE OF CALIFORNIA 

Energy Resources 
Conservation and Development Commission 

In the Matter of:	 DOCKET NO. 01-AFC-21 

Application for Certification for the SUPPLEMENTAL AIR QUALITY AND 
Tesla Power Project SOCIOECONOMICS TESTIMONY OF 

DAVID A. STEIN, P.E. 

I. David Stein. declare as follows: 

1. , am presently employed by URS Corporation. as Vice President. 
Environmental and Energy Services. 

2. A copy of my professional qualifications and experience been 
previously submitted and docketed. 

3.	 I prepared the attached supplemental testimony relating to Air 
Quality for the Tesla Power Project (California Energy Commission 
Docket Number 01-AFC-21). 

4.	 I directed the preparation of the attached supplemental testimony 
regarding Socioeconomics for the Tesla Power Project. 

5.	 It is my professional opinion that the attached prepared 
supplemental testimony is valid and accurate with respect to issues 
that it addresses. 

6.	 I am personally familiar with the facts and conclusions related in the 
attached prepared testimony and if called as a witness could testify 
competently thereto. 

I declare under penalty of perjury. under the laws of the State of California. that 
the foregoing is true and correct to the best of my knowledge and that this 
declaration was executed at Oakland. CA on March 31. 2004. 



SUPPLEMENTAL TESTIMONY OF DAVID STEIN
 

AIR QUALITY 

I. Comment, 

The record stales that U.S. EPA withdrew PSD autllOrityfrolll local air districts in December 
1001. The parties shall indicate whether litis affects their air quality analyses or would change 
any findings oftire FDOC. 

Response. 

The ehange in PSD delegation status does not change any of the findings with respect to PSD 
compliance summarized in the FDOC. Accordingly, the CEC does not need 10 modify any of the air 
quality conditions contained in the PMPD to address the change in PSD authority_ Additional 
infoffilation is provided below. 

The PSD Notice of Withdrawal of Delegation of Authority for the BAAQMD ("Notice") was 
published in the Federal Register on AprilZ1, 2003 (68 FR 76,19371-19372). Thc Notice (a full 
copy is included as Attachment AQ-l) indicates that the rescission of PSD dclegation status was 
effective on March 3, 2003. The FDOC \..'as issued by the District by letter dated February 27, 2003. 
At the time of FDOC issuance the BAAQMD had full PSD authority and the final FDOC had 
incorporated all comments received by EPA or other commenting parties. 

Although PSD delegation authority has been rescinded, both EPA and BAAQMD have identified 
several power projects that have undergone a timely and complete PSD review, including the Tesla 
Power Project (TPP). EPA has no intention of undertaking any modifications to these completed 
PSD analyses. EPA and BAA.QMD are in the process of entering into a limited PSD authority 
delegation agreement that will grant BAAQMD authority to issue the final PSD permit to TPP and 
the other affected power projects. Several drafts of [he agreement have been exchanged between the 
two agencies and the limited delegation agreement is expected to finalized by April 30, 2004 
(Gerardo Rios, Chief, New Source Review, Region IX, EPA, March 2004. Personal conversation 
with David Stein, URS). 

2. Comment. 

Staffs Air Quality Table 9 reflects the NAAQS and CAAQS ill effect ill 2002. If these standards 
have been modified since that time, t/le parties slrallllpdate Table 9 alld correct tire calculations of 
potential violations consistent witlr tire updated standards, specifically regarding particlllate matter 
(PMJO and PM1.5) as illdicated ill Staffs Air Quality Table 1. 

Response. 

Table 9 of tile PMPD has been updated (Table 9-Rev) to retleet revised PM lO and PM2.5 ambient air 
quality standards. Table 9-Rev includes the most stringent Ambient Air Quality Standard, as well as 
background monitored concentrations for both PM2.5 and PM1o. The PM 10 concentrations were staff 
recommended and were included as part of the PMPD. Background concentrations ofPM2,5 were 



obtained from the California Air Resources Board Web Site (www.arb.gov). Concentrations were 
obtained from both Modesto and Stockton, CA (2002 and 2003). Maximum background 
coneentrations have been included in Table 9-Rev. 

We have provided a recommended updale 10 Table 16 oflhe PMPD (Table 16-Rev) thm presents 
total post-project impaets plus background, including the impacts ofPM2,j. We have also noted and 
recommended a correetion for an apparent Slaffcaleulation error in the percentage of the applicable 
annual PMlOstandard. Wh,ile not all of the project's particulate emissions will be PM2.5, we have 
provided a very eonservative estimate assuming that 100 percent of the PM10 is PM2.5. This is a 
particularly conservative for the PM2.5 cooling lOwer emissions. Tfnll of the PM IO is nssumed to be 
PM2.5 the impact levels are ass shown in Table l6-Rev. As shown, the project would not result in a 
new exceedance of any applicable ambient air quality standard. Because fullmi[igation of PM2.:i 

IPM lO has been required in the fonn of seasonal emission targets, a supplemental mitigation 
agreement with SNAPCD and a separale mitigntion program with the City of Tracy, and emission 
offsets, the impncts of the project's individunl nnd cumulative impncts on PM ,Ii) nnd PM2 .5 arc 
insignificant. 

Table 9-Rev 
Stafr's Recommended Background Concentratious of Tesla - Applicant Suggested Re\'ision 

(bold sbading) 

I\-laximulll Staff Limiting 
Pollutant Re(ommendedA veraging Time Mouitored Standard Type of 

Background St:.mdard 
(ppm) 

Background (ppm) 
("aim') 

~~~ CAAQS
 
(0,)
 

Ozone 1 Hour 0.13 0.09 
~~~ NAAQS 

24 Hour 
8 Hour 0.113 0.08 

150 150 50 ul!:!m CAAOS
 
PM 10
 Annual Arithmetic
 

Mean
 36.4 ul'/m) 20 ul!/mJ36.4 CAAQS 
24 Hour 87.1 *87. t lll!/m * 6~ Ul!/m NAAQS 

PM1.~ Annual
 
Arithmetic Mean
 18.7 III!!m3 

", 18.7* 12 ue-lm3 CAAQS
 
NO, I Hour
 0.079 149 0.25 CAAQS 

Annual 0.053 NAAQS 
CO I Hour 

0.0149 28 
20 CAAQS 

8 Hour 
8.9 iJ.054 
7.2 8,405 NAAQS 

I Hour 
9 

0.029 76 0.25 CAAQS 
~~~ ~~~S02 3 Hour 0.5 NAAQS 

24 Hour 0.0094 24.6 0.04 CAA S 
Annual 0.002 5.2 0.03 NAAQS 

~• Background conc<,;ntratlOllS not <lvall<lble dUring prevIOus s\lbmlltals. Concentrations represent the m;JXllltUm collected 
during 2002 :lnd 2003. 

I 



Table 16-Rev
 
Tesla Power Project, Ambient Air Quality Impacts from Routine Operation (J.1g1m3

) 


:Applicant Suggested Revision (bold shading)
 

Percent ofPollutant Back- Total Limiting Type ofAnraging Project 
ImpactImpact Standard StandardPeriod e:round Standard 

PM w 24 ([our 155 CAAQS 3105.1 150 50 
Annual 0.5 36.4 37 20 CAAQS 185 

5,1· NAAOS 142PMl,J 24 Hour 87.1 92 .5 
Annual 0.5* 19 CAAQS 15818.7 12 

NO~ I I[ou 269 470 57120.1 149 CAAQS 
Annual 28 100 280.23 28 NAAQS 

1 Hour-' 14,400 23,000 .3CO 1,346 13,054 CAAQS 
8 Hour 8.646 10,000 8.241.3 8,405 NAAQS 

.55 CAAQS 12SO, 1 Hour 4.• 76 81 
3 Hour' 76 78 1,300 NAAQS 62.4 

CAAQS 2424 hour 0.72 24.6 25 105 
7Annual 0.04 80 NAAQS5.2 5 . . •	 The modeling analySIS dId notlllclude lhe e~tmutlon ofPM1_5 concentnltlons. MaXImum modeled PM w ha"'" been 

added to background concentration to eSlimate potential air quality impacts from PM 2_Scmissiom. Pleas", not", tll;:)t 
this overes(imate~ potential impacts due to emission of PMz.~. PMu emissions will be a porlion of the PI\1 1o 

emissions. 
I	 24-hour PM 10 impacts based on Staff review including a tull day of wintertime operation aI50'}lo load. 
1	 Hourly and 3-hour impacts do not include rlie water pump engine testing. Wilh fire water pump teStllllj. houtly 

Projeet impacts would be NOz: 1,348 flg/mJ. All results include has turbine startups as part of routine opetatiOll. t\'02 

impacts based on ISCJ-OLM analysis with CTGs achieving 2.0 ppm on a I-hour basis. 
3 I-hour CO impacts based on Staff review of Applicant'S CD-R(Updaled Mndeling 1215/01). 

3. Commellt. 

Staffrefers to Applicant's "Updated Modeling Allalysis, docketed 12105101," however, this 
doculltem "as 1I0t been identified as all Exhibit. The Applicant shall file this document as all 
Exhibit 

Response. 

We have included a copy of the Updated Modeling Analysis [or the Committee's convenience as 
Attachment AQ-2 

4. Commem. 

The evidence indicates that ma.'t:imuIII daily PM10impacts ill Sail Joaquin COIlIJtJ' would he 
approximately 50% ofthe m'erall maximum concentrations due to the TPP. Accordhlg to the 
allalysis, TPP would cause 24-lwur PMfO concentratiolls to increase by approximately 2.61'glm J at 
elevated terrai" in Sou Joaquilt COUlll}' approximately 3.5 miles southeast ofthe site. Maximum 
anllual Pit-ful TPP impacts ill Sail Joaquhr COUllty would be less tha1l 0,2'lglmJ. [-fdlve~'er. the 
e)'idence does 1I0t reconcile t"efilldiltg ofmaximum impacts west ofthe !J'ite ill Alamed" COIIIIIJ 
with the fill ding ofimpacts at 50% ofoverall maximum impact east 0/ the site ill Still Joaquin 



COUllt)'. . TI,e parties shall explaill how the pol/mauts are disper:oied ill opposite directiolls alld 
whether tlds is based on a seasonal analysis. 

Response. 

The ISCST3 dispersion model used for this analysis uses hourly meteorological data along with other 
site~speeific information. One of these inputs ineludes the input of offsite points, or reeeptors, where 
pollutant eoneentrations are calculated. The ISCST3 model ealculates maximum pollutant 
concentration, for each specified averaging time (in this case a 24~hour or daily average), at each of 
the reecptor locations independent~v olaf{ OIlier receptor locations. The maximum pollutant 
concentration therefore refers to the highest concentration calculatcd by the moLlel for any 24-hour 
period within the meteorological data sct for that specific location only. Since wind speed and 
dircction vary throughout the year and throughout any given day, thc 24·hour period that produces 
the overall maximum concentration at each reeeptor will vary. Hcnce, a maximum conccntration 
calculated at a receptor located to the west does not necessarily correspond to the same 24-hour hour 
period as a maximum concentration located at receptor to the southeast. Maximum concentrations 
that are being referred to in thc San Joaquin Valley (southeast of the site) would not and do not occur 
on the same day as maximum concentrations in Alameda County (west of the site) anLl there is no 
clear relative relationship that can be drawn from the maxima at these two locations. It is physically 
impossible for and thc [SCST model does not allow for emissions to simultaneously disperse in 
opposite direclions. The analysis is based on a "seasonal" analysis in sense that the model calculates 
impacts for all seasons of the year and then selccts and reports the maximum impact unique to each 
receptor location for each averaging period. 

5. Commellt. 

TIre parties shall clarify tl,eir positiolls 011 the use ofLalldfill road paving ERCs to offset 
combustion-related emissions. The parties shall a/so provide illformatioll 011 the time/ine for 
implementing CARB 's /Jew PM2.5 stalldard alld whether it wi/lll/timately affect use oftire Landfill 
ERCs to mitigate TPP emissions. /n additiOIl, tIre parties sholl clarify the nglila/ory procedure by 
.wlricl, TPP call substitute tire Crown Zellerbach ERe option for tile proposed Landfill ERCs. 

Response. 

The applicant has provided evidence indicating that PM25 emissions associated with landfill roads 
arc substantially greater than was estimated by CEC staff(scc Supplemental Air Quality Testimony 
of David A. Stein, P.E. of October 27. 2003). CEC staff have indicated in their testimony that sOlne 
PM2.5 emission reductions will result from the road paving program. We continue to believe that 
Staff has very conservatively underestimated the amount of the Pr.,,1z.5 reduction. The Committee has 
incorporated these reductions into the proposed air quality conditions of certi fication. We continue 
to believe that the landfill road paving offsets proposed for the Tesla project will provide substantial 
and localized air quality bcnefits. Furthermore, the PM2.5 air quality mitigation requirements set 
forth in Staffs testimony and adopted by the Committee in Ihe PMPD incorporate a substantial 
reduction in the overall PMIO road paving reduction credits approved by BAAQMD to more than 
adequately address Staffs concerns regarding any potential difference in PM2.5 and PMlO emissions 
from the landfill. 



The new PM1.5 standard is effective. There is nothing in the timing of the implementation of the 
standard that would affect the use of the landfill ERCs, which have already been approved by 
BAAQMD, after opportunity to comment by bOlh CARB and EPA. As previously testified to allh~ 

evidentiary hearing, in recent conversations with Mike Tollstrup, Chief of ARB 's Project Assessment 
Branch within the Stationary Source Division, Mr. Tollstrup indicated that ARB does not oppose the 
use of the Altamont landfill PMIO ERCs to offset emissions from the Tesla project. Although the 
Applicant has no authority to produce Mr. Tollstrup as a witness, we can offer his telephone number, 
(916)322.6026, for the Committee's usc in corroborating this representation of ARB's position. 

Air Quality Table 17 lists 91.0 tons of PM 10 from Crown Zellerbach on eerti fieate tllllnber 831. We 
have proposed to use these ERCs in addition to the ERCs from the Altamont landtill. The BAAQMD 
PMIO liability is 190 tons and the landfill ccrtificale will offset 98.01 tons of the total liability. With 
regard to the possible substitution ofERCs, the FDOC provides an adequate regulatory framework 
tor a substitution, if necessary, of proposcd ERCs. The BAAQMD FDOC conditions 46 and 47 and 
PMPD proposed conditions AQ-46 and AQ-47 identify specific offset amounts that must be under 
thc Applicant's control prior to commencement of constnlction and operation, respectively. A 
substitution would need to be reviewed and approved by the BAAQMD prior to issuance of thc 
Authority to Construct and submitted to the CPM. Any substitution of ERCs would involve 
modification to the amount of residual emission reduction targets identified in AQ-C7. 

With respect to CEQA residual impacts to San Joaquin County, the Committee should note that the 
Condition of Certification AQ-C7 discounts the Altamont landfill ERCs by 85 percent to account for 
that fraction of {he ERC that represcnts PM2.5. Therefore, AQ-C7 effective requircs full nlitigation 
for PMz_s. 

6. Comment. 

TIre record does not directly address ft-fr. Sarvey's concenrs regarding tlte contribution of 
ammonia slip to formation ofsecondary particulate matter. Tile parties slrall provide evidence to 
estabfisll tlrat tile contribution ofammonia slip 10 secondary particulate matter was incflllled ill tile 
analysis and '"al appropriate mitigatioll wiff be prolJided, ifnecessary. 

Response. 

Secondary particulate ammonium sulfate and ammonium nitrate can form by chemical reaclions 
involving nitric acid, sulfuric acid, sulfurous acid and ammonia. The extent of formation of each 
secondary particulate species in the atmosphere is complex and is a function ofthc availability of the 
reactants. ]n the San Joaquin Valley, the predominant component of fine particulate matter is 
ammonium nitrate (approximately 60% of the PM2.5 1). Ammonium sulfate is not a key component 
ofPM2.5 in the San Joaquin Valley. 

The San Joaquin Valley airshed is rich with ammonia, largely from agricultural sources. According 
to estimatcs by the SJVAPCD and ARB, industrial sources account for less than 4% of the total SlV 

1 Pun and Seigneur, 2001, "Sensitivity of Particulate Nitrate Formation to Precursor Emissions In the California San 
Joaquin Valley", Atmospheric and Environmental Research. 



ammonia inventorY and power plants account for approximately 0.2% of tile total ammonia3
. For 

this reason, ARB has not identified ammonia injection for NOx control as an important source of 
ammonia and has assigned the source category a low priority source ofalmospheric ammonia 
emissions in the VaHey. Furthennore, it has been demonstrated by a number ofresearchers1

,4 that the 
fonnation of secondary ammonium nitrate and sulfate is not limited by atmospheric ammonia. Since 
there is already an overabundance of ammonia in the SlV atmosphere to fonn ammonium secondary 
particulate, the incremental addition of small quantities of ammonia rrom the Tesla projecl or other 
power plants will have no perceptible impact on rnture secondary ammonium particulate levels in the 
SJV. 

It is also noteworthy that the concern regarding ammonia slip-induced secondary particulate was 
raised by Mr. Sarvey during the recently licensed East Altamont Energy Center proceedings. In that 
case, similar evidence regarding the ammonia-rich nature of the SJV airshed was presented and 
accepted by the CEC. The East Altamont Energy Center was ultimately permitted by both the 
SNAPCD and the CEC with an ammonia slip limit or 10 ppm (compared to the applicant-proposed 
Tesla ammonia slip limit of 5 ppm). The East Altamont Energy Center, as pernlitted, will therefore 
result in approximately twice the ammonia emissions as the proposed Tes(a project. The CEC 
required no speeific mitigation for East Altamont Energy Center's proposed ammonia emissions at 

twice the level proposed by the Tesla Project. 

Based on the above infornlation, the Tesla project ammonia slip will not cause a significant impact 
on ammonium particulate fonnation and no additional mitigation of ammonia slip is necessary. 

7. Commellt. 

The evidellce shows that PMIO cumulative i/~,pacts ill Sail Joaquill Valley (4.31Igl,,/ ill the 
elevated terrai" approximate(~' 3.5 miles sOlltheast oftire site) exceed t/rose idelr1ified ill tire 
allalysis ofTPP's dirat impacts (i.e. 2.611glmJ at the same locatioll). Staff, Irowever, did 1I0t 
provide a recommendation 011 cumulative impacts. The parties shall submit additional evidellce 
on cumulativl' impacts alld specifically address the effects ofcoolillg tower PMlO emissiollS. Jf 
cumulative impacts are sigllificallt, tIll' parties slrall idel/tify mitigation measures tlrat 1V0uld 
reduce tlrose impacts to illsigllificafl11e~'ds. 

Response. 

The Applicant submitted a cumulative air quality impact analysis with the AFC. The analysis 
demonstrated that the Tesla Project would not cause a new exceedance of the applicable PM I0 
standards. The analysis ineluded the impacts of potential cooling tower PM I0 emissions. Similar 
analyses reaching similar conclusions were previously submitted in the Tracy Peaker Project and 
East Altamont Energy Center siting cases. Furthermore, the CEC Staff has recommended and the 
Committee has proposed a variety or PM2.5/PM 10 mitigation measures, including seasonal 

2 Gaffney and Shimp, 1999, "Ammonia Emission Inventory De\'elopmenL Needs, Limitations, and What is Available
 
Now", California Air Resources Board, Planning and Technieal Support Division.
 
3 ARB, 2001, "Year 2000 Anutlonia Emission Inventory for the S:m JO:lquin Valley Air Pollution Control District".
 
Planning and Technical Support Division
 
4 I3!anchard, et. aL, 2000, "The Use of Ambient Measurements to Identify which Precursor Species Limit Aerosol Nitrate
 
Formation", Journal oflhe Air and Waste Management Association.
 



emission caps, BAAQMD emission offsets, local landfill PM reductions, a SJVAPCD Mitigation 
Agreement, and a mitigation agreement with the City of Tracy that, taken together, will reduee Tesla 
Project emissions potential contribution to San Joaquin Valley air quality to insignificant levels. 
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Attachment AQ-l
 

Federal Notice Withdrawing BAAQMD PSD Authority
 



J."I·dl!ral Rl!~ish!l·fVol. 68. No. 7£i/Mond.1y, April 21. 2003fRul<.!.S and Regulations W:\71 

work !lit h~ r CO!lCllnTIfi tl}' Ql' wilhin a 
spocili!ld l"1l'a'lOnable puriod of lima. Tha 
fiualillmu aElrood upon ~,ill bil St"4 forth 
in writlnEl and mad,) a pari ollIla c:A 
boforo commonc('ffionl of wQrk. 

(a) Contributed fUlId,.. Gonlrilmted 
fund.'! may bu accoplod. (J[' Nfundod. 
Wilhout further rofm'onclI or appro\'al by 
Iho Chicf of Engillecrs. The f"IlquiNd 
GCrtilicato of lho districl COI1U11ilJlder 
will dto 33 U.S.C. 701 h"illl th.) patillonl 
authorilV. 

(b) ObJ(~olio!l of cO:l!rib!;te-:l [u!lds, 
Pel' OMB Circular A-3~. all conlributed 
funds mu~t be l':h:ai~'od in c:J:lh :mll 
dcpo~il"d with Iho T"~JlluryOOflll!l illly 

(]blill,atioll~ e:tll hoI mado 'Oll,".:Ullsl ~uch 

funils. Public Lilw 84-OI:i as~i$t'lncc foc 
I\'ell construction ie axcmpted rrorn lhiB 
I\Jquircmenl bOCiluse Iinancin!l is 
spocilicn!l" a'llhori~(kl. Howll\·('['. lllol 
CA for such w.,11 CQlutttlctioll ;ls:;ist.anco , 
(~... ~ubp'II't G of thi~ part) lllustl,,~ 

si!lnOlI in ad"auco of any cbligaliolU, To 
roduo::o admin.istl'ativo problomu. CA 
tonns for ",,,II collSlruetioll .hould 00 
fCll' no 10llsel'3 p"riod lam Ih..1 which 
1,·ilI alluw 10rpa}lnOllIs within tll<il 
m.)OlI\.lI 'll Iha ilppliC<llIL Publio:: l...:aw 8-1
O!i Iimjl~ tho h,mllo ~ ma:xirnulll 0(30 
"i>"~~. 

. II:) Pn.7"'~I":J "1""\;'1'1; "I' ser...kl'li hi 
ki.,d. Tl' lhu ('",tenl p~ct;c~blo).lOCll 

i/llorPJlU Jh'~llht b<J ,,1I"111,d to mJlllmb:e 
tho amnllnl 01 colllriblll...1 hi ",Is by 
pI't.o\·i,lill[l oquinlmlwCAi:: l'r ~'11I·r<:(), in 
kill,l. $ncll 1i,',",..iCllSUC'lloi indu.lu 
LERRO',. 

§ 203.85 Reh"billt'l1;on of f~d«"l flO<Jd 
Control Proic'cll. 

Somo sponJOTd <)f FlXloral nood 
cl\l\trol prot,l(~t~ are " •.JI, r'Xl'JilV<llo 
fun)i~h ",riU'''1 a.ullranC'lS of local 
C(..:.p.. r"liDll. ~"hon .:I11ch a~~UlOlllCO~ 

alnJath' .'Xiltlnfll tn.l PC.s. oflho 
ori!lin~1 corl:ltrUClioll of Hl<l pl'<'iot:t.11I 
liQl1 of a nlll\' I'CA. thu Co1"P' will n<1tif)' 
lho JpLllI-"Ol'. ill ;wilill!l. ul thu spunsor's 
~antlill!l roqlliruflIolll.'ll. Tholo;o 
I\>quironwllL~ iudu .. lc 'll\.'h ih-ul~ aJ 
URRD's, coots aurihuul·lo to tloficiol1t 
or doforroJ mainh'nanco. !\''lno\"..1 of 
to~nponry worb. colt-sharins 
rI'quirrmNlls. aud any OIhH 
roquin:,nl"llt, iXlntaillod ill §20'J.82. T]-,{) 
pl'njoclspollsor must acl:no;\'lw:;i\l ill 
NSpnmibiliti{)ol prior to tho pro\isioll of 
RQhahilitatioll AlClidallCll. If tho oxistina 
PCA dop.:! nol OIdoqU~tDh' a<Idr"ll:I 
m:spnnsitilili"".lholl a tA 1Iill bo 
roquirod. 

§ 200.86 Tro3nsfer of completed wol1<. 10 
Iox:al intere-su. 

Responsihility f[][' operatioll and 
maimonancll of ~ prujt'CI for which 
eDlerltOnc,", wOI:k under Public Lilw 8-1
09 is -ulldCrtakoll will alway.:! rQfiu.iJ, 

with th" nun·f.,d<'raJ ~pollSor 

through(lut Iht) pr(Jco.'l.~. and Ihllrllal\.cr. 
Th'l c.."ll~ wi 11 n<:oeify th" non-P.:Id.ual 
sponlor by It~tL" Wh'l!ll'lpair! 
rehabiliialion!work "fforts aro 
COIlIpJ.liml. D~ailQ<l in~lructions. and 
~ugge::liotl.'l rolalin to proplIl' 
maint~llanCo) aud opN"'lion. may b.1 
furnished as an ellclOlllLto 10 Ihis lotter. 
Tho lotlorwill romind tho local inleN$t.!I 
thilt Ihoy ani r.lsponsibk· lor s:atit!aclcry 
maintonanC\l of thll noolll COIIltrol ....ork.!l 
in acconlan= Wilh t]-,{) tenns of tho)leA 
or CA. In apptupl'i::'lO e:t~ roc Fr-,Ioral 
projec:l.:i. [\,[..r 10 IhO} «(;"100<1 Coulrol 
ROltulalion foc Mainl~nanc~ and 
O~rati{)ll of Floxxl COl,lrol \\'ork~: (JJ 
CFR 20B)" or th.. pl'Oil'l.'l· ~ OPolf~liol1 
aud Maint'1ll311C>l '-lanua!. Roponing 
NquirCnWI1I5 p13L"i.~' on thilllon.Fod.,r.tl 
~pLIll~or will \'~ry aL'C'mdn!!. 10 
otgani::alion :lll<l nt1lorciICUt1\.l ..ncl'~. 

[FR noC. O]-'JOOa ril<><i ~-11l-03. a,~5 am] 
&llUllC cooe J;I~U"~ 

DEPARTMENT OF COMMERCE 

Potent Dnd Tr~~mo.rtl: Office 

31 CFR P.ut2 

IDoo;k~t Illl.: 2003_P-011] 

Correspondence Wilh tile United 
Sl;lles PilIenl ;lnd Trademilrk Office 

AGENCY: llnilQol Slelas Patont allll 
Tr:;Jdem;:al; OfIico. Commorca, 
ACTION: Flnall'\Jlo: corrvction. 

SUMMARY: Tho Unitoo St.las Patant 'Olild 
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I. n..<:k,<.:r"und 

In 1076. EPA publi6hoo final 
rogulatiOlu 011 ..0 crn 52.21. 

impll)monlin!,\ tho 1'5D prosranl ""luirod 
und~r P-drt C of Ulil Cloan ".\ir Aci ...2 
U.S.c. 7..L 75-7.. 70. Sf'i" 43 FR 2&103 
(JullGl'J. 1076). Thi< PSD Ngulatic.u 
provide aUlhorit}' to EI'A to d"I'J'Ijolt" tha 
J'<r.lpOluibilit~, for umdnclilyO PSD 
SOUI'Cll rO\'iolw to u Stalilor 101:01 iir 
polluliun conlrol agoncy, >10 crn 
52.21Iu), [n S0llor.aJ. dolOjSatiolls aN 
implomllntod throne;h ag,r-oomllnLs 
bolwoon EPA R"1liollJ ilnd stat.) or 10('.011 
ilif pollution control agoncill'. Tholso 
~1U"\-'>(!I"lGntg liN in oucoco contNcill 
hGlv;"'ln thG Agollc)' and pcmuttinj) 
ilgollcic•. 8ottillll, oul tho rospollsiblliti", 
of oach illl:Ol'l'y1nll out lil" f"d~ral ()SD 
prosrOllll for thaI juri~C1ictioll, Tho 
sp<lCific Illomollt.:'l of dol!l8ation 
agl\>')[11Irnts \'ary to taka into 
coJUid.lration particular circwnst<lllCo~. 
such a6 logall'\:lStlictioll::l thai nm~' OIpply 
in a spocilic iur;$llicHon. 

Pursuant 10 its authorilV umier 
§ 52.21(u). RoSion 9 OJlt01\loJ into 
llo10!atiol1 a;::rc>c>mont8 with tll>l 
followins pcrmitlil\g agondos on II),} 
datil ~pocifio<l; Bay Aro,,- ..\ir Qnality 
ManaS.1I1Ulnl Dislricl-April2J, 10116; 
h.lrn Coullt \' Air Pollulion Control 
DiltriCI_Aull,UII12, 1 'ZIg: Nowadl:i 
Di~·;8ion of E-ndronmonlaIProloctioll_ 
May 27, 1!.'183; San Dic~o COl1nty .I\;r 
Pollulion Control Distl'lct-Novoolbcr 
2], 1985: Santa Barbara Counl~' Air 
Pol\ulion Conlrol DiSlrict_Augu.l 21. 
1005; Shasta Counl\' AirQualilv 
Man;lf:."lInont District-lui)' 6.1985: 
Soulh Coast Air Ql1alit\' Mall;~n\;111 
Di8Iricl_[mmaL'v 15. 10'J7; and WasllOO 
C<lIJlllr District i-!oalth D'.lpanJn"I\I_ 
April 'J, HISS. Rogion g l'uhliBhod 
110Iimll of lho dolcbalion <If:1'<'''l.'l11011la ill 
tho F"dllral R,~;;Sh'l' at \'ariolls i!atilS, 

On O\;cl)Iu!Jl)r31. 2002, EllA 
publishBd illl FiUlI Rulo si!l1lilicanll~' 
l\l\·ising -10 CFR 52.21. 67 FR 80186 
(Doc, 31.2002). Tho N"iSoJd rulOlil \\'Ilro 
olfcciivo Oil MHr.h 3. 2003. 

Sine;! pUbJiealioll of 1I1l1 N~'isl)d PSD 
rules. Ruciwl Ii hll' collsull..d '\'Hh I)adi 
of Iho C:llifc.mia plmlittin" ag<.mcic.~ 
thaI impl<JllIOIlI<l<J -10 crn 52.21 
pun:uant 10 a dolQll,alion agrgoJuont and 
Wilh lhu C:llifolllia Air Ro:Iourc.<:l DOiild 
[CARB). nlO pl)11l1iUing ~ncios lIud 
C:-\Rll ha\'o inlo11l1011 R.:><;IOll \) that thoy 
ar" unablo 10 impl"lIlunt"O crn 52.21 
as rol'isod without making ch;,jllll.~.'i \0 
C:llifornia law and/oc local rP./lulaliotlS, 
Rilgion 0 ha~ al:<o discu::3od tho isBll" 
wilh tho Nil\'ada Dh'ision of 
Environm'llltal Protllction. who 
illdicalod Ihat diang<!~ to Nm'ad:a low 
would be noco<lsoary for oi\hor NDEP or 
thQ Washoll County District HjJ:llth 
Dopartlllontlo implomunt lh,) ro\i.~iOlIB 

10"OCffi52.21. 
As tho California and N'I\-ada 

pormitting agollcill'll idonlifi(Jd IllXH'G did 

nl)t h .. lion. that tll(lir curr"nll~w ;\'oul" 
allow Ihonl 10 hnplarn"nt ro\'i~~d..LO 
CFR 52.21. RI)!lion!l will r.-.,umo l.'I:luillg 
fodor~1 PSD poI'fllit' as of 111" dato lhG 
ro\'isiou tu"O CFR 52.21 tako off.>cl. 
Rogion 0 haa i,sua.l a leIter 10 oadi 
p('['ffiitling agnnc)' ill th,) ReSion that j~ 
iruplomooling 40 CFR 52.21 pnrsuantto 
a d.. IOS"J.lion a!!fU<'lIlont. ad\'isirlfllhll 
pqrn\illing agonci"", that t!lG dolggatioll 
ot lodllrall'SD plJ.(1nittins aUlhorily 
woold bo ro=eindod err.lCth·" Mal'{:h 3, 
2003. A copy of I)~h I.. llllr ruseinding 
lho PSD dol~':lli,Jn Oflilithorily is 
arailOlblo fer lnspoctioLl ~nd copyinS at 
Ihl) addrosoos prcwidod abovll. 

EPA'6 wilhllr.aw,,1 of allthorily 10 
implommil tho fooJO'lal PSD pltnnitlin:;: 
prosram 11000 not affl'Cl. pcrmiltlllS 
mquirronont, und"r stalll 01' 10c",1 Iii\\', 
Oxnpaoio.~ ohould cominuo 10 work 
with lIwir stal .. er local I=,,'rmilling 
agllnci.~ to on9ul\lthal obi,) or 1<.loCal 
ponnillius ",qull\lI\10nl~ aro nloJI. 

II,I·J".\ ;\"Ii"n 

WI) hal'o ~~'riltlln 1"llilU N~c:indinB tbo 
dl)l~alioll aSrOCtrllcllts 10 unplOlnonllh" 
NSlllauolu al -10 CFR 52.21 for til<! 
followinf; C:lliFornia pcrmitlir~ 
agonc.iiJ!l: Bay Aroa ".\ir Quality 
Man:>B0lllonl District; J..:<!rn Counl)' Air 
Pollulion Conlrol District: Soln Diogo 
Colllll \' Air I'ollulion Control Dislrict:. 
Santi! "BaID:lnl Coun'" Air Pollution 
Conlrol District: Sha;ta Counly ..\ir 
Quality Manal(ollwnl Di~trict;:.lnd Srllltb 
Coasl Air Quality M"Ili'lt)'l11wnt Di~triCI, 
WII hi"O wrillOU a lottor N~dlJ[ling lh,> 
dologalloll OIgfllOlllllll1l 10 iJ nplementlho 
rosulatiolls ~1 -10 CFR 52.21 Fer lho 
foUowins N""ada pllllllitlins lll\"Iucio.: 
NU\'llda Did.sion 01 Elnl'ironllll)ntal 
Proll1Clion: \...·i1~hoo County Di~tricl 

Hi>alth D1ipartnlCnl. 

!.isl ,jI'Subi<'<:b in -W CFR l'i1rI52 

En\'iI'ollnlOntal protllction, Air 
pollmion conlrol,lnl"r~:o\'''IT\lnOl1tal 

l\)~ul~tiolU, R~porting and 
l\lCOI'r!);OOpinS Nqllirolllcnts. 

DIII""I, April~, 2003. 

....I.·li. $Ir.."...-. 
";':/;11);. n..t:ionc:l ";d",ini<rr"lc~. n"p:.:.JlIX, 
[FR Doc;. Ol-DG~l Filed ~-IB-OJ; o,~s "fill 
8lLU~~ COOl! UU-&:I-P 
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• 
I INTRODUCTION 

This updated modeling analysis is designed to supplement the analysis presented in the 

I Tesla Power Plant (TPP) AFC. The modeling analysis was conducted using the 
methodology described in the APe. The following updates are included in this analysis: 

I • Turbine shutdown emissions included in annual emission estimates;
 
• Emergency generator removed;
 
• Firewater pump engine emissions based on 26 hours of operation per year; and
 

I • Three years (1997-1999) of Tracy meteorological data used in the analysis.
 

Electronic copies of all modeling analysis input and output files and meteorological data 

I are included in CD fannat. Excerpts of the modeling output files are contained in the 
Appendix. 

I 
UPDATED EMISSION ESTIMATES 

I Facility emissions were updated to include the changes described above. Updated annual 
turbine operating conditions, including shutdown events are shown in Table L Turbine 

I emissions during shutdown are shown in Table 2. Startup emissions were not updated and 
are the same as those reported in the APe. Revised annual turbine emissions are shown in 
Table 3. 

I 
I 
I 
I 
I 

•
I 
I 

Table I. Annual Operating Conditions per Generating Set 
(consisting orl CTGIHRSGs) 

Number of Startups 

Hot Srarts
 

Wonn Slarts
 

Cold STarts
 

Number of Shutdowns
 

Startup/Shutdown Time (hrs)
 

Turbine Operation (hrs)
 

Duel Burner Operation (hrs)
 

Total CTG Operating Hours
 

45 

27 

6 

12 

45 

141.0 

8.060 

5.260 

S.201 

Table 2. Shutdown Emission Rates per 
Generating Set (consisting of 2 CTGIHRSGs) 

Pollutant LbJ30 minute shutdown 
NO, 100 
eo 350 
voe 34 

I 
Updaled Mode~lI& AlI:Ily,i, [or - 1 - November. 2001 
the Te,l. Power Plan! Pmj""l 

I 



I 
I 

• 
Table 3. Annual TurbinelHRSG Emissions (all four lurbines/HRSG) 

Duct Duct Starlup! Annual Annual 
Pollutant Burn~r Off Burner On Shutdown Emissions Emissions 

(Ib,) (Ib,) (Ib,) (Ibslyr) (Ipy)'" 

I 

• 
NO, 

CO 

voe 
PM 10 

SO, 

143,461 

262,036 

23,421 

109,643 

18,410 

309,133 

564,640 

84,695 

264,731 

39,739 

46,913 

141,533 

12,750 

5,521 

927 

499,507 

968,209 

120,866 

379,896 

59,076 

249.75 

484.10 

60.43 

189.95 

29.54 

I a [ndu<Je~ emi~siCln5 from all rour rurbin~slHRSGs. 

b Emilolions indude 12 cold ~l~nups, 6 warm starn, 27 hOI startups and 45 shuldowns. and 5.260 hours ar 100% ducr burner capacity 
... ith lhe halance of lhe lime oper.lling al 100% load al6Z'F. 

I 
The emergency generator thal was included in the TPP AFC has been removed. In 

I 
addition, the firewater pump engine hours of operation have been revised to 26 hours per 
year, based on one-half hour of operation per week. Table 4 shows the updated firewater 
pump engine emissions. Total project annual emissions (including four turbines with duct 

I firing, cooling tower and firewater pump engine) are shown in Table 5. 

I 
Table 4. Emissions for Firewater Pump Engine 

Estimated BHP 368 

Estimated kW 274 

I 
NO, 

I CO 

poe 

I 
PMJO 

SO, 

• NO, 

CO 

I 
poe 
PM JO 

SO, 

I
 
I
 
I
 

Updmcd Modeling A...J)'>J> lID" 
u., Telln ?ower P\;;ml ProjeoJ 

I 

Hourly Emissions (Ib/hr) 

7.41 

1.75 

0.18 

0.13 

0.75 

Annual Emissions (fpy) 

0.0963 

00228 

00023 

0.0017 

0.0098 



• 
I 
I Table 5. Total Annual Emissions for TPP During Operation 

Fire Water Annual
Generator Generator Cooling

Pollutaut Pump Emissions 

I Sel #1' (lpyj Sel #2' (lpyj Tower (Ipy) 
Engine (tpy) (lpyj" 

NO, 124.88 124.88 0.096 249.85 

I CO 242.05 24205 0.023 484.13 

POC 30.22 30.22 0.002 6Q.44 

PMj(} 94.97 9497 6.10 0.002 196.05 

I SO, 14.77 14.77 0.010 29.55 

I 
~ Includes emissions from fOUf IUJbjne~. ~oolillg !Ower, and lirewater pump engine. 

b Emissions include 12 cold slanup~. (, 'HnTI Sl<lm. 27 lUll sUU1ups. and 45 .hutdowns and 5.260 hour; al 100% duct burner capacity 
wilh the balance or Lhe lime operating at )00% lood at 61"F. 

c Each generator sel includes twO CTGfHKSGs and a,social~"d dUCI burners 

I METEROLOGICAL DATA 

I 
In addition to the two years of meteorological data from Station 442 used in the AFC, 
lhree years of datJ from Tracy are being used in this additional analysis. An analysis of 

I 
the Tracy and Station 442 meteorological data is included in the original AFC. The 
analySIS shows similar wind patterns for Station 442, Tracy and other nearby 
meteorological stations. The Tracy and Station 442 data are considered representative of 
the conditions at the TPP site. 

I The Tracy meteorological data set used In the modeling analysis was generated using 
three years (1997-1999) of data from the Tracy monitoring slation and concurrent sky 

I cover and ceiling height data from the Stockton Airport NWS site. The Tracy 
meteorological data files are the same files used for the nearby East Altamont Energy 
Facility AFe. Windroses for the Tracy data are included in the AFC. 

I 
I AIR QUALITY ANALYSIS RESULTS 

I 
Results of the additional air quality impacLs analysis using Station 442 and Tracy 
meteorological data are included in the tables below. Table 6 contains a comparison of 
maximum predicted impacts from the Station 442 and Tracy data sets. The results 
indicate that no new violations of any AAQS are predicted. Construction parameters were 

I unchanged from the AFC. 

I
 
I
 

UpdaTed Modrting A""lyli. (0' - J 
lbo Te,J. Po,,'~, Plant Project
 

I 



I 
• 

Table 6. TPP Project ISCST3 Modeling Resull" 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

Station 442 
Location of 

Averaging 
Tracy 

Oa" Backgroundb Total 
AAQS 

Maximum Impact 
Pollutant Oa" Predicted UTM Coordinates 

Period Impact Impacl (~m3) Concentration (~g/m3) 
East North 

(~g1m3) 
(.,g!m) 

(~g1m3) tnt) (m) 

Construction 1m acts 
I-hour 571 571 13,054 13,625 23.000 625,675 4,176,050

CO 
8,7138-hour 307.8 292.8 8,405 10,000 625,675 4,176,150 

I-hour· 124.1 124.1 199 323.1 470 626.675 4,J76,050 
NO, 

Annuald 68.6 626,250 4,J76,15015.9 23.4 45.2 lOO 

24-hour 68.9 42.46 J50 218.9 50 625.927 4,176,120 
PM lO 

Annual 856 40.9 52.2 30 626.281 4,176,10711,33 

I-hour lJ7.9 117.9 29.3 147 655 626.675 4.176.050 

3-hour 81.0 73.9 29.3 IlO 1,300 626,300 4,176,300
SO, 

63.2 lO5 625,725 4,175.90124-hour 33.0 47.2 J6 
Annual 2.09 3,07 S 11.I 80 626,250 4,176,150 

Routine Plant Operation Impacts 
I-hour 1,220 1,714 13.054 14,768 23,000 624,300 4.173,800

CO 
8-hour 241.3 249.0 8.405 8,654 10,000 624,375 4,173,450 

I_hour" 178,9 17004 199 378 470 626,469 4,175,945 
NO, 

Annuald 100 619,4750.23 0.19 45.2 45.4 4,175,500 

24-hour 4,95 4.86 J50 155.0 50 621,950 4,176,050 
PM JO 

Annual 0048 30 626,375 4,176.2250.84 40.9 41.7 

J-hour 68.3 68,4 29.3 97.7 655 626,300 4,176,175 

3-hour 13.1 11.5 29.3 42.4 1,300 626,325 4,176,125
SO, 

24-hour 0.72 lO5 623,675 4,172.9000.72 16 16.7 

Annual 0.04 0.04 8 8.0 80 619,475 4,179,250 

I 
a Bold results mdlcates maxImum Impacts, 
b llackground represents the maximum yalue measured al Tl1lcy Palterson Pass Road. St("("I'.:Ion Hazehon Street, ami Modesto 14th 

Street, 1997-1999. SOl Data from Bak:erslield, Chester Street and 5558 California AH: Stauons, 1997 and 1999. 
c Resull.'; used OLM to estimate NO, impacts 
d Results used ARM with defaulll1ltio of 0,75,
 
e Resull.'; used lim order decay to estimate NO j impacts.
 

I Hourly CO and N02 impacts from commissioning were modeled using the methodology 

I 
described in the APC with Tracy meteorological data. Hourly CO and N02 impacts using 
the Tracy data were less than the facility impacts shown in Table 6. The values in Table 6 

I 
Cumulative impacts were estimated using the methodology in the AFC and the Tracy 
meteorological data. Results of the cumulative impacts assessment are shown in Table 7. 

I
 
I
 

Updaled Modeling AJ\:l]y.i. for ~ 4 ~ No".mber,2OO1 
t'-' Telb. Po"..., Pb.nt Project 

I 



I 
• 

Table 7. Cumulative Impacts Analysis Results (Tracy Met Data) 

I 
Maximum PSD Total 

Averaging Modt'll'd Significanl Backgroundb Predicted AAQS UTM Coordinale:sPollutanl 
Period lmpacl Impact Level- (l..Iglm3

) Concentralion (llgfmJ 
) East North1(llg/nrl) ().1gfm )	 (llg/nr1) (m) (m) 

I-hour 1,220.4 2,000 13,054 14,274 23,000 624,500 4,173,500

I	 CO 
8-hour 214.9 lOO 8.405 8,620 10,000 625,000 4,172,500 

I-hour 178.9< NA '" ]77.9 470 626.469 4,175,945 
NO, 

Annual O.2Sd	 45.2 45.5 100 619,000 4,180,000

I 24-hour 4.91 5 ISO 154.9 50 622,000 4,176.000
PM 10 

Annual 0.58 1 40.9 4\.5 30 626,625 4,176,225 

I	 [-hour 68.3 NA 293 97.6 655 626,300 4,176.175 

3-hour 13.1 25 293 42.4 [,300 626,325 4,175,125So, 
24-hour 0.64 5 16 16,6 105 625,000 4,172,500 

Annual 0.043	 8 8.0 80 619.000 4,180,000 
S"Uf"~' 40 CFR 5221 

b	 Backgruunl.! represenls the maximum value measure<! ~l Tr:J.cy PaUerson Pass Road, Slocklon HazcllOn SlITel. anu M"de~t<.J 141h. 
SlICe!, 1'YJ7-1999. SO, Dala 1'r<.Jnl Dakcr:ofield. Che)ler Stred and 5558 California Aye Slalions, 1997 and 100)'), 

Resull~ used OLM to eslimale NO, impac~ 

I	 , 

d	 Results used ARM wilh defaull rdl;o Df 075I	
, 

I	 PUBLIC HEALTH IMPACTS 

Public health impacts, including incremental cancer risk, chronic hazard index and acute 

I hazard index were estimated using the methodology described in the AFC. The 

I 
emergency generator was removed from the analysis and the Tracy meteorological data 
was used along with the Station 442 data. Copies of the ISCST3 and ACE2588 input and 
output files are included on the CD, Table 8 summarizes the results of the HRA using 
Station 442 and Tracy meteorological data. 

I Table 8. Estimated Cancer Risk and Acute and 
Chronic Total Hazard Indices (THIs) 

I Maximum Cancer Maximum Maximum Acute 
Meteorological Data Risk Chronic THI THI 

Station 442 3,75 x lO·fj 0.0191 0,0739I Tracy 2.26 X 10.6 0.0135 0,0636 

I 
Significance Criteria 

Significance Determination 

10 X 10.6 

Insignificant 

1.0 

Insignificant 

1.0 

Insignificant 

I 
I 
I 

UpWled ModeliD~ A~I~'.;, frr ~ 5 ~ No"'rnbtT, 2001 
!he Te>1J Pow.r PIODt Project 

I 
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Modeling File Excerpts 
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- - - - - - - - - -

ISCSTJ VERSION 00101 •••I···	 ...•••	 :,PI. Tesla
 
MOdel Executed On 11/26/01 at IJ,20,18 •••
 

I", B~"-Line rSCST3 "BEEST" Version 8 .10 

I .
. File D: \B.-ent\Tesla\FineGr-idSupp\442MetFG 97 COI.DT" 

. ~tput File - D:\Brent\Tesla\FineGridSupp\442MetFG-97-COl.LST 
Met File - D:\Brent\Tesla\442_97.A5C - 

. Numbel' of sources - 5 
Number of source groups 3
 

Number of receptors 1681
 

* •• POINT SOURCE DATA '" 

NUMBER EMISSION RATE BASE STACK STACK STACK SThCK BUILDING EMISSION RAT1 SOURCE PART. (GRAMS/SEC) K y ELEV. HEIGHT TEMP. EX.IT VEL. DIAMETER EXISTS SC~ VARY 
W CATS. (METERS) (METERS) IJ".ETERS) (METERS) (DEG. K) (M/SECI (METERS) 

-, " 

•
,,~ 

on o 0.83538E+02 625968.8 4176\1]1 .0 118.9 60.96 350.37 10.56 5.79
 
on o O.83538E+02 626011.3 4176031.0 118.9 60.96 350.31 10.56 5.79
 
on o O.36061E+Ol 626095.8 4176031.1) 118.9 60.96 358.71 18.86 5.79
 
ON o 0.36061E+Ol 6261H.3 4176031.0 116.9 60.96 358.71 18.86 5.79
 
FWPUMP o 0.1104.0E+00 626217.2 4175917.0 118.9 3. 00 622.00 75.00 0.1)
 

1

I
 U~ SOURCE IDs DEFINING SOURCE GROUPS 'u
 

SOURCE IDs'ROUP 10 

'LL GTl	 • GT~ • GT~ , FWPUl1P 

I OT OT' • GT2 . GT] OT' 

FWPUl1P 

•• -	 THE SUMMARY OF HIGHEST I-HR RESULTS -- 

.. CONC OF COl IN MICROGRAMS/M'~3 

DATE 
"ROUP m AVERAGE CONC (YYMMDDHH) RECEPTOR (XR, YR, ZELEV, ZFLAG) OF TYPE 

HIGH "T HIGH VALUE 1714 .40649 ON 97101809: AT 624.300.00, 4.173800.00, 277.20, 0.(0) DCIL~
,T HIGH m HIGH VALUE " 171~ .40649 ON 97101809, AT 624300.\10, 4.173800.00. 277.20, 0,(0) DC," HIGH >ST HIGH '","UE " , .51765 ON 97121213 : 'T 625000.00, 4174000,00, 170.10, o.oo} DC 

I	
" 

I
 
1
 

.' 
1 

• 
1 



DLM - VERSION 96113 •• * .~ .. FPL TeslaI:·· ISC) 
Routine Operation	 ... ,, 

RURAL ELE\'	 GRDRIS 

.. ,	 ...MODEL SETUP OPTIONS SUMMARY 

·th".e:rm"diate Terrain Processing is selectedI 'Model Is Setup Calcclal:ion Average CONCentrat~Or1 Values.For of 

I
SCAVENGING/DEPOSITION LOGIC - 

'~Model Uses NO DRY DEPLETION. DDPLETE F
 
'Model Uses NO WET DEPLETION. WDPLETE F
 
-NO WET SCAVENGING Dat::a Provided. 
"Model Does NOT Use GRIDDED TERRAIN Data Eor Depletion	 Calculations 

• 'Model Uses RURAL Dispersion 

Uses User-Specified OptionS:1:'MOdel 
1.	 Gradual Plume Rise. 
2.	 Stack-tip Downwash. 
J.	 Buoyancy-induced Dispersion. 

I
 4. Calms Processing Routine.
 
S.	 Not Use Missing Data Processing Routine. 
6.	 Default Wind Profile E:><ponents. 
7.	 Default Vertical Pot"ntial Temp"rature Gradients. 

I 
MOdel Accepts Rec"ptors on ELEV Terrain. 

'Model A.<;sumes No FLAGPOLE Receptor Heights.
 
··Model applies the Ozone Limiting Method by SOUrCe grOup.
 
•• Input ozone concentration lile is in units of POlE .
 

1"MOdel Calculates 1 Shert Term Av"rage (s) of: 1-Hit
 
'nd Calculates PERIOD Averages
 

"This Run Includes: 5 SOUtCe (51); J Source Group(s); and 1200 ReLeptor(s) 

I,"The Model Assumes A Pollutant Type of; N02-0u-l 

'Model Set To Continue Rl.1'Nning After "he Setup Testing. 

'\t	 Options Select:ed: ,

Model Outputs Tables of PF.RIOD Aversges by Receptor
 
Model Outputs Tables of Highest Short: Term Values by Re<;eptor (RECTARLE Ke}'\'i"ord)
 
Model Outputs Tables of Overall Maximum Short Term Vall,Jes (MAXTABLE KeY~'ord)
 

The ",ollo",ing Flags May Appear Following CONC Vall,Jes:	 c for Cslm Hours
 
m for Missing Hours
 
b lor Both Calm and Missing Hours
 

··Mise, Inpl,Jts:	 Anem. Hgt. (m) 10.00; Deeay Coef. 0,0000 Rot. Angle ~ 0.0 
Emission Units GRAMS/SEC Emission Rate Unit Factor o ,lOOOOE+07 
Outpl,Jt Units MTCROGRAMS/M**3 

Runstream File; Tlh99Noa.dta	 "Output Print File: Tlh99NOa.ioJ 

I
 
I
 

I
 
I
 
I
 



ISC) Ol.M - VERSION 96113 ~*" *** FPL 'resia ... 
RQutine Ope~ation ••• ,I .. 

, 
CONe ELEV GRDRI5I i'MODELOPTs, 

.** THE SUMMARY 01" HIGHEST I-HR RESULTS *** 

.* CONe OF NO~-OLM IN MICROGRAMS/Mo') .. 
l~oup ID AVERAGE CONe 

DATE 
(YYMlIDDHH ) RECEPTOR (XR, YR. ZELEV, ZFLAG) OF TYPE 

N 
G 

·'L HIGH m HIGH VALUE " 178.85382 ON 990~1722: AT 626~6B.63. 4175945_50, In.90, 0.00) DC 

• T HIGH m HIGH VALUE " 75.04361 ON 99060713: AT 626675.00, 4176100.00, 14.6.50, 0.00) DC 

I~.. 
HIGH 1ST HIGH VALUE " 

RECEPTOR TYPES, CC GRIDCAR:l' 

178.85382 ON 99041722: AT 626468.63, 4175945.50, 117.9 0 , O.CO) DC 

" GRIDPOLR 
DC DlSCCAAT 

1 " 'D 
DISCPOLR 
BOUNDARY 

1 
1 
1 
I 
1 
1 
I 
1 
1 
1 
1 
I 
1 



- - - - - - - - - - - - - - - - - - -

I 
1

ISCSTJ ~	 VERSION 00101 •••I.:: ... FPL Te51.. ••• 
Hodel Execuced on 11/26/01 at 13;14:11 *** 

I' BEE-Line rSeST) "BEEST" Version e .10 

File D, \ Bcent \ Tesla \ pi neGddSupp \ TracyMe tFG_ 98_ NOANN . DTA 
0\. - File - D; \B ..",nt \ Te51a \FilleGridSupp \ TracyMe>:: F'G_ 96_ NOANN . LST 

Met File - D: \Erent\Tesla\tracy98 .<lSC 

Number of sources - 5 
Number of source groups 3
 

Number of ceceptors 6561
 

••• POINT SOURCE DATA *** 

I SOURCE 
~BER 

PAAT. 
EMISSION RATE 

(GRAMS/SEC) , T 
'AS'ELEV. 

STACK 
m:lGHT 

STACK 
TEMP. 

STACK 
EXIT VEL. 

STACK 
DII'IMETER 

BUILDING 
EXISTS 

EMISSION RAT 
SCALAR VARY 

m CATS. (METERS) (METERS) (METERS) (METERS) (DEG.K) (M/SEC) (METERS) >Y 

I en 
en 
en 
en 

I FWPUMP 

0 
0 
0 
0 
0 

0 .17970E+Ol 
0 .17970£+01 
0.17970E~01 

0.17970E+Ol 
0.27700E-02 

625968.8 
626011.3 
626095.8 
626138.3 
626217.2 

4176031.0 
4176031.0 
4116031.0 
41760H.O 
4.175917.0 

... SOURCE 

118 . • " ." :>58.71 
no .9 " ."' 35".71 
no ., " ."' 35lL 71 
no •• " ."' 358.71 
no •• ; 00 622. 00 

W, PEE"INING SOVRCE GROUPS 

" ." " ." n. " " ;0 
0; .00 

... 

5.79 
5.79 
5,79 
5.79 
0.1) 

m 
YES 
YES 
YES 
YES 

I ROUP m SOtJ?CE W. 

~L en , on . en , en FWPUMP 

leT Gil en en en 

FWPUMPI'"
 ... THE SUMMARY OF MAXIMUM PERIDD I 8760 HRS) RESULTS ... 
I .,.. CONe DF NOANN m MICROGRAMS!M* * 3 

l1ETWORK 
GROUP m AVERAGE CONe RECEPTOR (Xli., YR. ZELEV, ZFLAG) OF TYPE GRID-ID

I.,: 
>ST HIGHE9T VALUE 'S O. ]0828 AT 6194.75 . 00, 41'19250. 00 • m .60, 0.00) OC NA 
'NO HIGHEST VALUE 'S 0 . ]0642 AT 619525. 00. 4179225 .00, no .90, 0.00) DC NA 
;RD HIGHEST VALUE: 'S O. 10605 AT 619500. 00. 4179250, 00. . 00, 0.00) DC NA 
He HIGHEST VALUE 'S 0.]0598 AT 619475 00. 4179225 .00, '" . 90, 0.00) DC NA 
;TH HIGHEST VALUE: 'S 0.30566 AT 619475 . co, 4179275.00, '"'" .00, 0.00) DCI	 ;TH HIGHEST VALUE 0.]05H AT 619750. 00, 4179925.00, '" .80, 0.00) DC "UA 
nH HIGHEST VALUE " 0.30466. AT 619500 .00, 4179215.00, :<114 .80, O. DO) DC UA 
<TN HIGHEST VALUE " 0.30454 AT 619450 .00, n 19275. 00, m .40, 0.00) DC 
9TH HIGHEST VALUE " 0.]04~9 AT 619450.00, 4179300.00, 287.]0, 0.00) DC NA "' 

10TH HIGHEST "'ALUE " 0.]0349 AT 619425.00, 4179275.00, 297.40, 0,00) DC NA"
IeT m H!GHEST VALUf: 0.30803 AT 619475.00, 4179250.00, m .60, 0 .00) DC HA 
'NO H!GHEST VALUE " 0.]0615 AT 619525.00, 4179225.00, no .90, 0 .00) DC NA 
"D HIGHEST VALUE " 0.30580 AT 619500.00, 4179250.00, m .00, o. 001 DC UA 
9TH HIGHEST VALUE " 0.30572 AT 619475.00, 4179225,00, '" .90, o. 001 DC UAI	 5TH HIGHEST VALUE 'S" 0.30541 AT 619415.00, 4179275.00, 286. 00. 0 .00) DC UA 
;TH HIGHEST VALUE 0.30486 AT 619750.00, 4179925.00, "6 .80, 0 .00) DC 
nH HIGHEST VALUE " 0.30440 AT 619500.00, 4179225.00, 284.80, 0.00) DC NA 

I "	 

"'
 
'YR HIGHEST VALUE " 0.30429 AT 619450.00, 4179275.00, 292,40, 0.00) DC UA 
9TH HIGHEST VALUE " 0.]0414 AT 619450.00, 4179300,00, 187.30, 0.001 DC NA 

10TH HIGHEST VALUE " 0.]0325 AT 619425.00. 4179275.00, 291.40, 0.00\ DC UA 

,w	 m HIGHEST VALU8 0 . 00055 AT 619700 . 00. 4180650. 00, 14~.20, O. 00) DC UA
"m HIGHEST VALUE " 0.00055 AT 619125 . 00, ~180650.00, 144.20, 0 .00) DC UA 
'RD HIGH8ST VALUE " 0.00054 AT 619700. 00. 41806 7 5.00, 144.00, 0 . DO) DC NAI:	 4TH HIGHEST VALUE: " 0.00054 AT 6I9ns. 00. 4180675.00, HJ.40, 0 .00) DC NA 
"H HIGHEST VALUE: " 0.0005) AT 619750 .00, 4180/50.00, Il9.40, o. CO) DC NA 
6TH HIGHEST VALUE " 0.00053 AT 6'19725 .00, 4180/00.00, 141.70, O.OOl DC NA 
'TH HIGHEST VALUE " 0.00053 AT 619775.00, 41BCI50.00, 142.40, 0.001 DC NA 
9TH HIGHE:ST VALUE "'S 0.00053 AT 619125.00, 41BOI15.00, 139.00, 0.00) DC NA 
9TH HIGHEST VALUE 0.00053 AT 619700.00, 4180700.00, 143.40, 0.00) DC NAI 10TH HIGHEST VALUO: " 0.00052 AT 619725.00, 4180725.00, 140.30, O. 00 l DC NA"
 

I
 



I· HIGH 1ST HIGH VALUE IS O.0012~c ON 9701192~ AT ( 622500.00, .. 176375.00,. 190.20, O.OO) DC 

I'
 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I'
 

I,
 

I 
I, 

I
 
I
 
I
 



I 
,.D HIGHEST 

"" HIGHEST 
5TH HIGHEST 

VALUE 
VALUE 
VALUE 

" " " 
O. 78710 
0 . 76954 
0 .76201 

"AT 
AT 

626300.00, 
626350.00, 
626375.00, 

H 76300 · 00, 
41 if;200 . 00, 
4176200. 00, 

HO · JO, 
126. >0, 
De ... 0, 

0 .00) 

0 .00) 
0 .00) 

DO 

"DO 

NA 
NA 
NA 

5TH HIGHEST VALUE " 0 .74506 AT 626300.00. 4176275 .00, 'B ,SO. 0 .00) DO HA 
'TN HIGHEST VALUE " 0 . 13946 AT 626325.00 • 4176225. 00. 126. 20. 0 001 DO NA 
.TH HIGHEST VALUE " 0 .72175 AT 626325.00, 4176200 .00, '" .20, 0 · 00) DC HA 

I 'TN 
>OTN 

HIGHEST 
HIGHEST 

VALUE 
VALUE " " 

0 .7154/ AT 
0 . 71)]8 AT 

626375.00, 
626275.00, 

4176250 .00, 
4176)(10 . 00, 

m .30, 

'" · 60, 
0 · 00) 
0 · 00) 

DC 

" "'NA 

I~ "T HIGHEST 
'Om HTGHEST 

VALUE 
VALUE " " 

0 _1 ,681 AT 
0 .17459 AT 

<;21500. 00, 
621500. 00, 

4175500. 00, 
41.75000 .00, 

:;n3. 00, 

'" .60. 
0 .00) 
0 .00) 

DC 
DO 

NA 

"' '''' HIGHEST VALUE " 0 .17156 AT 621000. 00, 4175500 · 00, ]37. >0, 0 _00) DC NA 
.TH HIGHEST VALU!': " 0 .17085 " 621000 .00, 4176000 · 00, m .4. 0, 0 _00) DO "' 

I' "" HIGHEST 
'TN HIGHEST 
OTH HIGHEST 
eTA HIGHEST 

VALUE 
VALUE 
VALUE 
VALUE 

" " " " 

0 .15261 
0 .Hli33 
0 .14486 
0 .14268 

AT 
AT 

"AT 

621500 _00, 
621000 .00, 
620500 · 00, 
62)500. 00, 

4174500 · DO, 
4175000 .00, 
4175000. DO, 
4173000.00, 

'" · DO, 
371.00, 
]14.90, 
::'91.90, 

0 .00) 
0 · DO) 
0 .OO} 
0 · DO} 

DC 
oc 
OC 
oc 

NA 
NA 
NA 
NA 

'TH HIGHEST VALUE " o. 14126 " 6n500 .00, 4174000.00, 287.10, 0 · DO} OC NA 
10TH HIGHEST VALUE " o. 13894 " 624500 .00, 4173500.00, 261.00, 0 .00) oc '" 

I';T '" HIGHEST 
'NO HIGHEST 

'RD HIGHEST 
.TH HIGH!':ST 

VALUE 
vALUE 
VALUE 
VAL"" 

" " " " 

0 . 832H AT 
0 .78906 AT 
0 .77172 AT 
0.76710 AT 

626375. 00, 
626350.00, 
626300,00, 
626350.00, 

4176225 .00, 
41/6225. 00, 
4176300.00, 
4176200.00, 

129.20, 
121.50, 
140.30, 
126.10, 

0 · 00) 
0 .00) 
0 · 00) 
0 .00 ) 

DC 

"oc 
DC 

NA 
HA 
HA 
NA 

I' 
STN HIGHEST VALUE 

"" HIGHEST VALUE 
OTH I-lIGHEST VALUE 
eTA HIGHEST' VALUE 

" " " " 

0.751>60 AT 
0.739~7 AT 
o. /36% AT 
0.71992 AT 

626)75.00, 
(;26300.00, 
626325.00, 
6263~S, co, 

4176200.00, 
4116~75 .00, 
4116:<25.00, 
4176200.00, 

128.40, 
133.50, 
126.20, 
124.20, 

0 .00\ 
0 .00l 
0 .OO) 
0,00) 

oc 
OC 
oc 
DC 

NA 
NA 
NA 
NA 

I' 
'TH 

10TH 
HIGHEST 
HIGHEST 

VAL"" 
VALUE "", 0.71051 "0./0968 AT 

6'26315.00; 
626100. DO, 

41/6250, DO, 
4176250.00, 

128.JO, 
1~8.70, 

0.00) 
0.00\ 

DC 
DC 

NA 
NA 

... TN< SUMMARY OF MA.XIMUM PERIOD 1 8160 HRS} RESULTS ... 
I 

.. CONC PMAlm '" MICROGFUU~s/M*'3 ••"
 
NETWORK 

w IWI':RAGE CONC RECE>,TOR (XR, <e, ZELl'V, <:FLAGJ GR1O-IO
rR~U: - - - - - - - - - - - -

0' '"''' - - - - 

." "T HIGHEST VALUE 0 .00159 626375. 00, 4176025. 00, 114. eo, 0 ,DO) DC NA 
,nlO HIGHEST VALUE " 0 .00159 A' 626362 .88, 4176034 .50, 114 . "" 0 · DO) OC NA 

'''' HIGHEST VALUE " 0 .00156 6~6)80 · 50, 4176019 · SO, 115. >0, 0 .0 0 ~ oc 
m HIGHEST \'ALUE " 0 .00138 "'T 6~6)75 41"16050. 00, · 60, 0 , 00) oc '" 

"
 
· 00, NAI, 5TH HIGHEST VALUE " o. 001J~ 626400 .00, 41'16050 .00, '" "< · ~O, 0 .00) DO NA 

STH HIGHEST VALUE " 0 .00129 " 626400 .00, 4176025. 00, Ill-la, 0 .00 ) DCAT NA 
OTH HIGHEST VAL"" " 0 .00125 626475. 00, 4176100 ,00, 1~2.iO, 0 .DO) OC NA 
eTA HIGHEST VALUE " 0 .00124 " 626398 .13, 4.176004 ,75, 114.80, 0 .00) OC 
HH HIGHEST ·JALUE 0.00124. "AT 626350 .00, 4116050. 00, 115.20, 0,00) oc NA 

10TH RIGHI':ST VALUf. " 0.0012~ 626345 · )1, 4176DB .25, 115.4 0 , 0.00) oc NA 
" '"
 I, " "
 

I 

I 

I'
 

I 

I 

I 

I 

I 



I I 

ISCST3 VERSION 00101 .,.*I .··' . ...FPL Tesla 
••• Model Executed an 11/15/01 

. 
~BEE-Line tSCST3 "BEEST" Version B.IO 

File D:\Brent\Te!lla\TracyMet 99 S03.DT!_ 

I
n,. . File - D:\Brent\Te.'ll1l\TracyMet::::::99::::S0J .LST
 
I Met File - D:\Brent\Tesla\tncy99.asc
 

I' 
. Number of source!! - 5 

Number of source groups 1 
Number of receptors 2673 

••• POINT SOURCE DATA ••• 

I: NUMBER EMISSION RATE BASE STACK STACK STACK STACK BUILDING EMISSION RAT 
SOURCE PAAT. (GRAMS/SEC I x Y ELEV, HEIGHT TEMP. EXIT VEL. DIAMETER EXISTS SCALAR VAAY 

m CATS. (METERS) (~IETERS) (METERS) (METERS) (DEG.KJ (M/SECI (ME"I'ERS) BY 

Gn 0 O. 25130E+00 625968 " <1.176031.0 no ., 358.71 H. B6 5.79 YES
I' on 0 O. 25330E+OO 626011 ., 4176031.0 118. , "60.96 " 358.71 H 5.79 YES
."Gn 0 0 . 25BOE+OO 626095. " 4176031.0 no ., 60.96 356.71 H 5.79 YES 
OH 0 0 .25130E+00 626138 , 41760n.O no .9 60.96 358,71 H " 5.79 YES."I' FWPUMP 0 O. 15150E-Ol 626n 7. , 4175917.0 no , 3.00 622 _00 " .00 0.13 YES 

'** SOURCE IDs OEFIN1NG SOURCE GROUPS •• * 

W SOURCE IDs
I~OUP 

ALL Gn . GT2 , GT3 , GT4 , FWPUMP 

I' 
••• THE SUMMARY OF HIGHEST 3-HR RESULTS *** 

I
 •• CONC OF S03 IN MICROGRAMS/M·') ..
 
DATE 

GROUP W AVERAGE CONC (YYMMDDHH) RECEPTOR (lCR, YR, ~ELEV, ZFLAG) OF TYPE 

[L
 HIGH 1ST HIGH VALUE IS 13.079~3 ON 99091106, AT 6:'..6315.00, 4176125,00, 118040, 0.00) DC
 

I
 
I
 

I I: 

I
 
I,
 
I
 
I[
 
I
 



1:·** J'SCST3 -' VERSION 00101 *** 
'.•• FPL Tesla
 
••• Madel Ex~cuted an 11/26/01 lie 13:51,50 •• 

Ii BEE-Line rSCSTJ "BEEST" Version a .10 

I ' 
File O,\Bnmt\Tesla\FineGridSnpp\TracyMetFG 98 SOANN DTA 

0, _ File - O:\Brent\Teslll\FineGridSupp\TracyMetFG-9S-S0ANN.LST 
I".et File - D'\Brent\TeS~a\traCY9B.asc - 

. Numbe!" of SOUrCeS - 5
 
Number' of source g.oups }
 

Number of receptors 6561 

I 
POINT SOURCE DATA ••• 

I NUMBER EMISSION RATE	 BASE STACK STACK STACK STACK BUILDING EMISSION RAT 

" 
SOURCE PART. (GRAMS/SEC) x y ELEV. HEIGHT TEMP. EXIT VEL. DIAMETER EXISTS SCALAR VARY 

CATS. lMETERS) (METERS) (METERS) (METERS) (DEG. K) (M/SEC) (METERS) BY 

Gn 0 0 .25330E+00 6259&8. " 41750)1.0 no ., " .96 358.11 ,.I	 0 0 . 25330£+00 626011 .; 4176031.0 '" ., 358.71 ;B'" .. "'
"' ,, " '"m 

GT; 0 , .2533010+00 626095 . " 4176031.0 118 ., " " 358.71	 "GT'	 

" ." ." 
GT' 0 , .25)3010+00 626138 ., 4176031.0 no ., 60.91> 358.71 '" ."' , '" ." FWPUMP 0 o. 28200E-03 626217 ., 4175917.0 3.00 622.00 "'" " 00 0 .u '" '"

, 
'"I ... SOURCE ", DEFINING SOURCE GROUPS 

SOURCE >D,I'ROUP ID 

ALL GT2	 GT. , F'I'IPUMP 

Gn GT3 GN 

THE SUt1MARY OF MAXIMUM PERIOD ( 8760 HRS) RESULTS ... 

I	 •• CONC OF SOANt! IN MICRCXlRAMS/M"3 

NETWORK
 
GROUP AVERAGE CONC RECEPTOR ~XR, YR, ZELEV. ZFLAG) OF TYPE GRID- ID
 

IcC: " 
'" HIGHEST VALUE 0 .0~275 AT 619415. 00, 4179250. 0 0, 269 .60, 0 · 00) DC NA
 
mD HIGHEST VALUE " 0 .04247 AT 619475 .00, 4179225,00, 290. <0, 0 · 00) DC NA
 
;RD HIGHEST VALUE " 0 . 04229 619450 .00 . 4179275.00, 292 . <0, 0 · 00) DC NA
 
<TN HIGHEST VALUE , .04225 "AT 619500 .00, 4179250.00, '"' .00, 0 , 00) DC NA
 
5TH HIGHEST VALUE " 0 .04224 AT GlH75 .00, H19275.00, 286. 00, 0.00) DC NA
I '''' HIGHEST VALUE " 0 . 0422-1. AT 619425 · 00, 4179275.00, 297. <0, 0.00) DC NA
 
nN HIGHEST VALUE " 0 .04215 AT 619525 · 00, 41"79n5.00, m .90, 0.00) DC NA
 
"TN HIGHEST VALUE " 0 .04209 AT 619450 .00, 4179300.00, no .:;0, O.OOl DC NA
 
<TN HIGHEST VALUE " 0 .04208 619500. ", 4179225.00, 284.80, O. 00) DC NA
 

HIGHEST VALUE " , .04205 " 619425 .00, 41"79300.00, 293.40, 0.00) DC 

" 

10TH AT	 NAI	 " 
GT "T	 HIGHEST VALUE 0.04272 AT 619475.00, 4179250 .00, 289.60, 0.00) DC NA
 

HIGHEST VALUE " 0.04245 AT 619415.00, 41"79225.00, 290.90, O. 00) NA
 

'''' 

'NO DC 
m HIGHEST VALUE " 0.04227 AT 619450.00, 4179275.00. 292.40, 0.00) DC NA

.'" HIGHEST VkLUE " 0.04222 AT 619500.00, 41"79250.0ll, 283.00, 0.00) DC NA 
HIGHEST VALUE " 0.04221 AT 619475.00, 4179275.00, 286.00, 0.00) DC NA 

" 
I on< HIGHEST VALUE " 0.04221 AT 519425.00, 41"792"75.00, 291.40, O.OOl DC NA
 

nN HIGHEST VALUE " 0.04212 AT 619525.00, 4179225.00, :<77.90, C.OOl DC
 
0.0420" AT 619450.00, 4179300.00, 287.30, 0.00) DC '"
'TN HIGHEST VALUE NA 

'TN HIGHEST VALUE " 0.04205 AT 619500.00, 4179225.00, 284, so, O.OOl DC NA 
10TH HIGHEST VALUE " 0.04203 AT 619425.00. 4179300.00, 293.40, O. 00) OC NAI	 " 
m HIGHEST VALlIE 0 .00006 AT 619700 .00, 4180650 . 00, H' .20, 0.00) DC NA
'" 'NO HIGHEST VALUE " o. DOiJQ6 AT bl~725 . 00. 4180650 . 00, . 20, O.OOl DC NA
 
;AD HIGHEST VALUE " 0 .DOOOS: AT 619"700. 00, 4180675 .00, '" DC
144.00, O.OOl 
<TN HIGHEST VALUE " 0 .00006 AT 619725 · 00, 41801575,00, 143.4ll, 0.00) DC "' NA 

"'" 

I STN HIGHEST VALUE " , .00005 AT 619750.00, 4180"750.00, 139.40, O.oOl 'C
 
6TH HIGHEST VALU£ " 0 .00005 AT 619725.00, 4180700.00, 141."70, O. 00) DC NA'"
 
n, HIGHEST VALUE " 0.00005 AT 619"175.00, 4180750.00, 142.40, o.oOl DC NA
 

HIGHEST VALUE " O.ODOOS AT 619125.00, 41807"75.00, 1:19.00, O,OOl DC NA


'TN HIGHEST VALUE " 0.00005 AT b1970Q.00, 4180700. 00, 143.40, o. 00) DC NA
I 10TH HIGHEST VALUE " 0.00005 619725. CO, 4180"725.00, 140.30, 0.00) DC NA" " 
I 



I '
 

I
 
I
 
I
 
I
 
I
 
I
 
I
 
I
 
I Construction Impacts Modeling Files 

I
 
I
 
I
 
I
 
I
 
I
 
I
 
I
 
I
 



I .,,~ ISCST3 - VERSION 00101 ••• 
,.* FP", Tesla ... 
0._ Model Executed on 11/27/01 at 16:25:2J T*.

Ii! BRE-Line I5C5T3 "BEEST" Vecl:!ion 8.10 

I 
-: rile D:\Bcent\Te91a\Construction\TracyMet\TracyConstr 99 CO.DTA.
 

_?l File D, \Brent \ Te61a \Construction\TracyMe t \ TracyConstr - 99-CO. LST
 
""r. File D:\Brent\Tesla\tracy99.asc - 

I' 
I Numbe;r of sources J
 
Numh"r of :iouree groups 1
 

Numbe .. of receptors 2673
 

••• POINT SOURCE DATA ••• 

I NUMBER EMI55I~ RATE STACK STACK STACK STACK BUILDING EMISSION RATBA'" 
SOURCE PART _ (GRAMS/SEC) x Y ELEV. HEIGHT TEMP. EXIT VEL. DIAMETER EXIS.S SCALAR VARY 

CA-TS. (K£TERS) (METERS) (METERSI (METERS) tDEG. K) (M/SEC) [METERS) BY'" 

I o 0.93618E+O(l 626093,3 4176026.0 1HI.9 3.00 622.00 70.00 0.15 
o 0,93618E+OO 625900.0 4175870.0 11e.'1 3.00 622.00 70.00 0.15 
o 0.9)618£+00 626275,0 417Se70.0 l1B.9 3. 00 6"22,00 70.00 0.15 

••• SOURCE IDs DEFINING SOURCE GROUPS ••• 

SOURCE 10" 

IALL , EO:;> , E03 

I ••• THE SUMMARY OF HIGHEST 1-HR RESULTS ••• 

** CONe OF CO IN MICROGRAMS/H··) .. 
I, DATE 

AVERAGE CONe IYYMMDDHH) RECE~TOR IXR. YR, ZELEV. ZFLAG) OP TYPE 

ALL HIGH 1ST HIGH VALUE IS 571.4210B ON 9912270B: AT 626675.00, 4176050.00, 144.60, D.OOI DC 

•• + THE SUMMARY OF HIGHEST B-HR RESULTS •• + 

•• CONC OF CO 

DATE 
AVERAGE CONe (YYMHDDHH) RECEPTOR (XR, YR, ZELEV, ZFLAG) OF TYPE 

HIGH 1ST HIGH VALUE 1S 307.80432 ON 97121708: AT 625675.00. 4176150.00, 142.40, 0.00) DCILL 

1
 
1
 
1 
I
 
I
 
I
 



- - - - - - - - - - - - - - -

ISCST3 VERSION 00101 ••• 
FPL Tesll1... Model Executed on 11/27/01 at 16,39,39 *.* 

I" BEE- Line ISCST3 "BEES," Venlion B. 10 

J File D:\Brent\Tesla\Construction\TracyMet\TracyConstr 9B PM24.DTA
111ft. File - D: \srent \ Tesla \Construction \ TracyMet \ Tracyconst() ()M24 . LSTII M=L File - D:\Brent\Tesla\tracy98.asc 

Number of aaurees 4 
Number of source gI:OUpS 1 

Number of receptors 2673 

I ... <,OINT SOURCE O"T" ... 
Nl}MBER EMISSION RATE BAM STACK STACK STACK STACK BUILDING EMISSION RAT1 SOURCE PART. (GRJlMS/SEC) , Y ELEV. HEIGHT TEMP. EXIT VEL. DIAMETER EXISTS SCALAR VARY 

W CATS. (METERS) (METERS) (METERS) (METERS) (DEG.K) (M! SEC) (METERS) BY 

0 0 .31500B-Or 626093.3 4.176026.0 m .9 , .00 70.00 0.15 NOI 'Q' '" 00 
0 0 .31S00E·al 625900.0 4175870.0 no .9 , .00 70.00 0.15 NO'Q'
0 '" 00 

0 . 3l5DOE- 01 626275.0 4175870.0 no .9 , .00 en .00 70.00 0.15 NO'Q' 

I H* AREAPOLY SOURCE DATA 

NUMBER EMISSION RATE LOC"TION OF AREA BASE REL£ASE NUMBER INIT. EMISSION RATE
 
SOURCE PART. (GRAMS/SEC X Y ELf:\/". Hr.TGHT OF VERTS. " SCALAR VARY
 

W CATS. /ME'rER' • 2) (METERS) (METERS) (METERS) (METERS) (METERS) BY


1 ,DUST 0.19917E-05 625825.0 4175820.0 118.9 1. 50 0.00 

• ~* SOURCE 10,. DEFINING SOURCE GROUPS ••• 

IEOU? '0 SOURCE IDs 

I, DUST , EQI , EQ2 , EQ) 

I *•• THE SUMMARY OF HIGHEST Z4-HR RESULTS •• * 

•• CONC OF PM24 IN r~I CROGI'..AMS/M*·) 

DATE 
AVERAGE CONC (YYHMDDHH) RECEPTOR (XR, YR, ZELEV, ZFLAG) OF TYPE 

1ST HIGH VALUE IS 68.88816 ON 88011424: "T 625827.19, 4176119.50, 120.80, 0.00) DC 

1 
I
 
I
 
I
 
1 
I
 
I
 



ISCST3 V[R$ION 00101 •••I::: ...FPL 'real a
... MDdel Executed on 11/27/01 at 16,27:39 •••
 

I' BBE-Line ISCST3 "BEEST" Version 8.10 ... 
File D: \Brent \ Tesla\CcJnstructiDfl \ T"acyMet \ TracYCOrlstr 98 502, DTA
 
.il" D. \Bn,nt \ Testa\Construct ion\ TracyMet\Tracyconstr-9 a-s02. LST
 

Met ['"ile D:\Br"nt\Tesla\tracy98.asc - 

,Number of sources
 
Number of sourc'" groups
 

Number of receptors 2673


I
, 

I

• 

••• POINT SOURCB DATA •••
 

NUMBER EMISSION RATE BASE STACK STACK STACK STACK BUILDING EMISSION RAT 
SOURCE PART. (GRAMS/SEC) , y ELEV. HEIGHT TEMP. EXIT VEL. DIAMETER EXISTS SCALAA VARY 

m CATS. (METERS) (METERS) (METERS) (METERS) (DEG.KJ (M/SEC) (METERS) OY 

o 0.19316£+00 626093.3 417&026. a ]18. ':I 3. 00 622.00 70.00 0.15 NO 
o O.19n6E+OO 6:£5900.0 41 75810.0 118.9 3. 00 6'22,00 70.00 0.15 NO 
o O.19H6E+00 6262'15.0 4175870.0 118.9 l. 00 622.00 70.00 0.15 NO 

I ••• SOURCE IDs DEFINING SOURCE GROUPS •• ~ 

GROUP ID SOURCE IDS 

I ALL 8Ql , EQ2 . ,m 

I ••• THE S~~Y OF HIGHEST I-HR RESULTS ••• 

..•• CONc OF S02 

DATE 
AVERAGE CONC IYYl*lDDHH) RECEPTOR (XR, YR, ZEL£V, ZFLAGl OF TYPE 

HIGH 1ST HIGH VALUE IS 117.87433 ON 98103107: AT 626675.00, 4176050.00, 14.(.60, 0.00) DC 

I 
U. THE SUMMARY OF HIGHEST 3-HR RESIJLTS •• ~
 

.,
•• CONC OF S02 IN MICROGRAMS/M") 

DATE 
GROUP W AVERAGE CONC (n"MMDDHH) RECEPTOR (XR, YR, ZELEV. ZFLAG) OF TYPE 

1= HIGH 1ST HIGH VALUE 15 8L01842 ON 99010403; AT 626)00.00, 417630D.DO, 140. lO, 0.00) DC 

•• ~ THE 5'~Y OF HIGHEST 24-HR RESULTS ••• 

I •• CONC OF 502 IN MICROGRAM5/M··] •• 
DATE 

AVERAGE CONe (YYMMDDHH) RECEPTOR (XR, YR, ZELEV, ZFLAG) OF TYPE 

HIGH 1ST HIGH VALUE IS 32.98062C ON 98111024: k1' 625675.00, 4176025.00, 138.50, 0.00) DC 

I 
I 
I 
1 



• 
I
 
I
 
I
 
I
 
I
 
I
 
I
 
I
 
I Conslruction I-Hour N01 IS( 

I
 
I
 
I
 
I
 
I
 
j
 

I
 
I
 
I
 

Order Decay 



I
 
I FIRST ORDER DECAY METHODOLOGY 

I Ambient NO::! impacts from construction activities were remodeled using a methodology 

I 
that accounts for the reaction time required for NO to be converted to NOz in the 
atmosphere. Results of the updated modeling indicate a maximum hourly NOz impact of 
124 Ilg/m3. When added to the background o( 199 Ilg/m3, the lotal impact is 323 IlglmJ 

, 

which is below the AAQS of 470 Ilglm3. No violation is predicted. The methodology 
used to estimate the NOz concentrations is described below. Excerpts of the construction 

I ISCST3 modeling files are attached. 

NOz impacts \,,'ere estimated based on the assumption that the actual NOz emission rates 

I are 10% of the total NO" emitted. The NOzlNOx ratio of 10% is a conservative 
assumption for the actual ratio of NOz to total NOll emissious for internal combustion 
engines (Flagan, 1988). In addition, it was assumed that the NO emitted from the 

I construction activities would not have sufficient time to be converted Lo NOz near the 
facility boundarics where the maximum impacts occur. Transport times to the areas of 
maximum construction impacts are on the order of 5 to 6 minutes. while the half-life of

I NO in the atmosphere is estimated to be 5 days (Williamson, 1973). Assuming a first

I 
order exponential decay, the portion of the directly emitted NO that converts from NO to 
NOz in 5 minutes can be estimated as follows: 

Conversion equation: NOINOo= exp(-kt) 
NOINOo = ratio of NO re~ai~i~~ to original NO concentration, NOo

I k, rate constant = 9.63xlO· mm 
t. reaction time = 5 minutes 
NOINOo = cxp(-9.63xlO· j min-I. 5 minutes) = 0.9995

I AmounL of NO converted to NO! = 1 - NOINOo := 1 - 0.9995 = 0.0005 

I 
[mpacts from the initial modeling results v,'ere multiplicd by 0.1 to account for the NOz 
fraction (10%) that is directly emitted. The fraction of the directly emitted NO (90%) that 
is estimated to convert to NO! in the short travel time (5 min) Lo the point of maximum 
impact was then multiplied by the conversion fraction estimated above and added to the

I direclly emined NOz contribution. The table below shows the N02 concentration at 
different distances from the construction area. 

I 
I. 
I
 
I
 

Receptor Location ISeST) NO, Distance from Transit NO/NO Adjusted N01 

UTMX UTMY Cone. (!J.glm3
) Source (m) Time (min.) Ratio Cone. (J.lglm3

) 

626,675 4, I 76,050 1230.5 585 9.76 9.39E-04 124.09 
625,300 4,175,800 860.3 812 13.54 !JOE-03 87.04 
625,100 4, I 75,800 660.6 1,010 16.83 1.62E·03 67.03 
624,600 4, I 76,000 460.9 1,50 I 25.02 2.4 I E-03 47.09 
627,600 4, I 75,400 206.9 1,594 26.57 2.56E-03 21.17 



'VERSION ••• • •• FPL TeslaI:··. I~CST] - 00101 ... 

I 
BEE-Line ISCST] "BEEST" Ver-sion 7.10 

Input File - E,\FPLEnergy\TESLA\Construction\UpdatedN02\TRAC99NO.OTA 
v\'~~\lt Fl.l e E: \ FPLEnergy\TEShA\Conll truction\UpdatedN02 \ TRAC'.9NO. LST 

~ File E:\FPLEneI"gy\TEShA\MetOata\tI"acy99 asc 

I Number of sources ]
 
lumber of source grOUt'" 1
 

Number of receptors 267] 

I ••• POINT SOURCE DATA ••• 

NUMBER EMISSION RATE BASE STACK STACK STACK STACK BUILDING EMISSION RAT 
SOURCE PART. (GRAMS/SEC) , Y ELEV. HEIGHT TEMP. EXIT VEL. Dlll.METER EXISTS SCALAR vARY 

CATS. (METERS) (METERS) (METERS) (METERS) (DEG,lO (M/SEC) (METERS) BYI " 
o 0.20160£+01 626093.3 4176026.0 118.9 3.00 622.00 70.00 0.15 NO 

I 
'0' o 0.20160E+Ol 625900.0 4175870.0 llB.9 3.00 622.00 70.00 0.15 NO'0' o 0.20160E+01 626275.0 4175870.0 118.9 3.00 622.00 70.00 0.15 NO'OJ 

••• SOURCE IDa DEFINING SOURCE GROUPS ~ •• 

SOURCE IDs 

, EQ2 , EQ) 

••• THE SUMMARY OE' HIGHEST I-HR RESULTS ••• 

I •• CONC O~· N021H 

DATE 
AVERAGE CONe: (YYMMOOHl-J ) RECEPTOR (XR, YR, ZELEV, 2E'hAG) OF TYPE 

HIGH 1ST HIGH VALue IS 1230,51648 ON 99122708: AT 626675.00, 4176050.00, H4. 60, 0.00) DC 

I
 
I
 

• 
I 
I 
I 
I 
I 
I 



I '
 

I
 
I
 
I
 
I
 
I
 
I
 
I
 
I 

•
 

I Commissioning Modeling Files 

I
 
I
 
I
 
I
 
I
 
I
 
I
 
I
 
I
 



I5CSTI VI.:: ... FPL Tesla 
Model Ex~cu~ed on 11/27/Dl at 15:34;lD ••• 

I'BEE-Line lSCST3 "BEEST" version B.ID 

File D:\BHm~\Tesla\Commi5sioning\TracyMet\TJ:acyComm COl.DTJ\98 
Fi 1e D: \Brent\Tes la \Commissioning\TracyMet \TracyComm-9 B-COl. LoST 

,_,et File D:\Brent\Tesla\tracy98.asc - 

,Number of sources ,
Number of source groups 
Number of receptors 2S7} 

I
 
•• * POINT SOURCE DATA .... 

NUMBER EMISSION RATE STACK STACK STACK STACK BUILDING EMISSION RAT 
SOURCE PART. (GRAMS/SEC) , Y ELEV. HEIGHT TEMP. EXIT VEL, DIAMETER EXISTS SCALAR VARYI """


m CATS. (METERS) (METERS) (METERS) (METERS) (DEG. K) (M/SEC) (METERS) BY 

I Gn o 0,12020E+02 625968.8 ~1760]1.O 118.9 60.96 )50.37 10.56 5.79 
GTT o 0.12020£+02 626011.3 4176031.0 118.9 60.96 350.37 10.56 S.79 
Gn o 0.12020E+02 626095.8 4176031.0 118.9 60.% 350.37 10.56 5.79 
Gn o 0.12020E+02 626138.34176031.0 118.9 60 96 350.37 10.56 5.79 

I 0 •• SOURCE IDs OEFINING SOURCE GROUPS 00. 

GROUP m SOURCE IDs 

I

ALL Gn , GT3 , GT4 

GTl , GTl , GT3 , GT4
lOT 

I •• CONC 

••• THE 

OF COl 

SUMMARY OF HIGHEST l-HR 

IN MICROGRAMS/M") 

RESULTS •• * 

DATE 

I R~U~ 

.LL 
GT 

ID 

HIGH 
HIGH 

1ST HIGH 
1ST HIGH 

VALUE 
VALUE 

IS 
IS 

AVERAGE CONC 

J]6.83850 
]36.83850 

(Y'YMMDDHH) 

OIl 98081306: 
ON 98081306, 

AT 
AT 

RECEPTOR (XR, YR. 

624500.00, 4173500.00, 
624500.00, 4173$00.00, 

2ELEV, ZFLAG) 

261.00, 
261.00, 

OF 

0.00) 
O.OOl 

TYPE 

DC 
DC 

I 

I 
I 
I 
I 
I 
I 



ISCJ OLM - VERSION 9611) ~ •• •• ~ FPL TesiaI·· .0. Commissioning	 ,, 
RURAL ELEV	 GRDRIS 

MOP~L SEiUP OPTIONS SUMMARY 

• .:mediate Tet'rain Proces!ling is Selected 

II:MOdel Is Setup For Calculation of Average CONcentration Values 

I
SCAVENGING/DEPOSITION LOGIC - 

"Model Uses NO DRY DEPLETION. DDPLETE ,
'Model Uses NO WET DEPLETION. WPPLETE , 
NO WET SCAVENGING Data Provided. 

-Model Does NOT Us .. GRIDDED TERRAIN Data tor Depletion Calculations 

"Hodel Use~ RUP~ Dispersion. 

I'Model Uses User-Specified Options, 
1. Gradual Plume	 Ris .... 
2. Stack-tip Downwash. 

I 
3. Buoyancy-induced Dispersion.
 
~. Calms Processing Rautine.
 
5. Not Use MiS9ing' Data Processing Routine. 
6, Default Wind profile Exponents.
 
7, Default Vertical Potential Temperature Gradients .
 

'Hodel Accepts Rec.,pto,·s on ELEV Terrain. 

,Model Assumes No FLAGPOLE Rec.,ptor Heights.• 
• 'Model applies th., Ozone Limiting Method by sou,ce g'oup.
 
"Input ozone concent,ation file is in units of PPB.
 

1"Model Calculates 1 Sho,t Term Ave,age!"') of: I-HR
 
,nd Calculates PERIOD Ave,ages
 

'*This Run Includes: 4 Soun:ell;) .. 1 Sou,ce Group [s): and 1200 Receptor [s} 

I·The Model Assumes A Pollutant Type of: N02-0LM 

Model Set To Continue RUNning Afte, the Setup Testing. 

Options Selected:
 
Model Outputs Tables of PERIOD Ave,ages by Recepto,
 
Model Outputs Tables of Highest Short Term Values by Receptor (RECTABLE Key;;ord)
 
Model Outputs Tables of Overall Maximum Short Te,m Values [MAXTABLE Key;;ord)
 

The Following Flags May Appea, Following CONC Values:	 c for calm Hours
 
m for Missing Hours
 
b for Both Calm snd Missing HaULS
 

··r~isc. Inputs:	 Mem. Hgt. lm) 10.00; Decay Coef. 0.0000 Rat. Angle ~ 0.0 
Smission Units GRAMS/SEC Emission Rate Unit Pactar 0.10000E+07 
Output Units MICROGRAMS/M**3 

Runst,eam File: T97NOb.dta	 • *Output Print File: T97NOb. i03 

I
 
I
 
I
 

• 
I
 
I
 



ISC3_0LM - VERSION 

coNe 

I·· 
t,MODELOPTS' 

96113 ••• 

0 •• TK~ 

'w' FPL Testa 
* •• Commissioning 

S~~Y OF HIGHEST I-HR 

GRDRIS 

RESlJl,TS .0. 

... ... ,, 

I_.•OUP ID 

•• CONe 

AVERAGE CONe 

OF NOl-OLM IN MICROGRAMS/M") 

RECEPTOR 
DATE 

(VYMMDDHH) (XR, YR, ZELEV, 

.. 
ZFLAG) OF TYPE " G 

HIGH 1ST HIGH VALUE IS 159.62077 ON 97092318, AT 627500.00, 4171S00.0C, 265.70, 0.00) DC 

P.ECEPTOR TYPES: Gc GRIDCART 

I 
G' 
DC
D' 
ED 

GRIDPOLR 
OISCCART 
DlSCt'OLR 
BOtlNDARY 

1 
I 
1 
1 
I 
I 
1 
I 
I 
1 
I 
I 
I 
I 
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I
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I
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I Cumulative Impacts Modeling Files 
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I
 
I
 
I
 
I
 
I
 
I
 
I
 
• 



- - - - - - - - - - - - - - - - - - - -

I 

I .. ISCSTJ - VERSION 00101 ... 
FPL Tesla 
Model Executed On 11/27(01 ac 18:08:17 ~.~ 

lEE-Line ISCST3 "EEEST" Version 8 .10 

File D: \Brent \ Tesla\Cumulative \Supplement \Cumul a t i veT 98 COl _DTA 
~ .File - D:\Brent\Tesla\Cumulative\Supplement\Cumulati v eT=9S=COl.LST 

Met File - D:\Brent\Tesla\tracy9B.asc 

Number of SOurCeS B 

I 
Number of source groups 4
 

Number of receptors 2673
 

--- POINT SOURCE DATA ... 
1 NUMBER EMISSION RATE	 BASE STACK STACK STACK STACK BUILDING EMISSION RAT 

SOURCE	 PART. (GRAMS/SEC) X Y ELEV. HEIGHT TEMP. EXIT VEL. DIAMETER EXISTS SCALAR VARY 
CATS. (METERS I (METERS) (METERS) (METERS) (DEG. K) (M!SEC~ (METERS) OX" - - - - - - - - - - - - - - - - -	 - - - - - 

I Gn 0 0 .83540E+02 625968 • 41?6031. 0 n. .9 60.96 350.37 10.56 9 ve,
·" ve,Gn 0 0 .8354.010+02 62601l. ; "U60!!. 0 118.9 60.96 350.37 10.56 9 

on 0 0 J6060E+01 ~26095, • ~17~OJl .0 118.9 60.96 358.71 18,86 9 ·"
 
on 0 0.J6060E+Ol 6261~8 ; 4176011. 0 118,9 60.96 358.71 18.86 9 ·" '"
 

I	 ·" '"FWPIDIP 0 O. llO~ OE+OO ~26217 , , 4175917 .0 118.9 3. 00 622.00 75,00 0.13 
UNKGT 0 0.1270BE+02 6J1100, 0 4174603. 0 54. 0 30.48 727,59 36.58 5.18 NO
 
EALTGT 0 0.26H7E+02 615550. 0 4184800 0 15.0 53.34 334.26 16.86 5.64 NO
 
EALTBLR 0 0.63000E+00 615550. 0 4184800 0 15.0 30,48 435.93 5.22 2.16 NO
 

'" 

I ••• SOURCE IDs DEFINING SOURCE GROUPS +++ 

GROUP 10 SOURCE IDs 

Gn , GT2 , GT3 , GH ,FWPUMP ,UNKGT ,EALTGT ,EALTBLR, 

Gn • GT2 . GTJ , GT4 , FWPUMP 

lJNKGT 

EALTGT , EALTBLR ,IEASTALTM 

.+. THE SUMMARY OF HIGHEST I-HR RESULTS ••• 

I	 •• CONC OF COl 

DATE 
W AVERAGE CONC (ITMMDDHH) RECEPTOR {XR, YR, ZELEV, ZFLAG) OF TYPEIR~U~ - - -	 

cc HIGH '" HIGH VALUE 1220. 40149 ON 98081306 : AT 624500, 00, 4173500. 00, m .00, 0 .00) OC 
TESLA HIGH '" HIGH VALUE " 1220 .4014.9 ON 98081306, AT 624500 .00, 417~500. 00, 261. 00, 0 .00) DC 
UNKNOWN HIGH '" HIGH VALUE " " 475)3 ON 98040104, AT 631500 .00, 4171500 .00, m .70, 0 .00) DC 

IASTllTM H1GH >6T HIGH VALUE " "' .57453 ON 98090502, AT 621000 ,00, 4laIOOO. 00, ", . 20, 0 . 00) DC" 

I 
I 
I 
I 
I 



Softlolare: BEEST for Windows data input file 
Date, S/lS/Ol Time: 11:35:01 AM 

"0 ~CHO 

II... Message Summary For ISC3 Model Setup ~~~ 
Summary of Total Messages ------- 

1Total of a Flltlll Error Messllge(s) 
Totlll of 1 Warning Messllge (s) 

A Total of o Informational Message(s) 

I •••••••• FATAL ERROR MESSAGES •••• ~.~~ 

NONE ~.~ 

~~.~~~.. WARNING MESSAGES •••••••• 
J W3~O 75 PPARM :Source Pllrllmeter May Se QUt-oE-Range for ParllmeterI.........•...•..•. .. .
~ ~ ~ 

~~. SETUP Finishes Successfully'" 
II~~~~·········~·~~~···~············ 

1
 
1
 
I 
1 
1 
1 
1 
1 
I. 
1
 
1
 
I: 
1 



ISCJ OU>! V£RSION 96113 ••• ••• FPL Tesla ".1'" ,,••• Commissioning
 

CONe ELEV GRDR15
I~.MODELOPTS , 

, ..'" POINT SOURCE DATA 

NUMBER EMISSION RATE BASE STACK STACK STACK STACK BUILDING EMISSION RATEI' , ,SOURCE 'ART (GRAMS/SEC) ELEV. HEIGHT TEMP. EX!T VEL. DIAMETER ElnSTS SCALAR VARY 
W CATS. (METERS) (METERS) (METERS) l1'lETERS) (DEG.K) (M/SEC) (METERS) BY 

- - - - - - - . - - - - 

0 0 .1890QE.O:'. 625968.8 4176GB. 0 118. , " .96 m .n " .n ,
 
·GT2 0 0 , 18900E.02 626011.4. 4176031. 0 m " .96 396 .n ,." '"
 
on 626095.8 4176031. 0 ) S8 16.81 , " '"
 

IGTI , 
0 0.19744£.01 118.9 60 . 96 n " ." , YES 
0 0.19744£+01 626136.3 4176031.0 IHL9 " .96 m .n 16,81 "I'aT' 

FWPUMP
0,4.6683£+00 626217 , 4175917.0 118 _9 75.00 ." 0 J .00 '" .00 0 .n '"
 

UNY-GT 0 0.43445£+01 6331DO .0 4174603.0 54. D " .<0 no l6.58 "0
 '" 
. E:ALTGT 0.75058£+01 625550. , 4184.800.0 15.0 ." 16,86 

,." NO0 " H no ." ,."EALTBLR 0 0.18900£+00 625550 .0 4.111411QQ.Q 15.0 JO m .n 5.22 NO,."" 
I: 

I
 
I
 
I
 
I; 

I 
I' 

I, 
I 
I 
I 
I 
I 
I 



..... ISCSTJ - 'VERSION 00101 ••• 
• ,".* FPL Tesla 

*** Model Executed on 

I',BEE-Line ISCSTJ "BEEST" Ve.sian 8.10 

I,
I File D: \Brent \ Tesla \Cumula ~i ve\Supplement \CumulativeT_ 0;8 _NOAmi _DTA 

OUL~_~ File D:\Brent\Tesla\Cumulative\Supplement\CumulativeT 98 NOANN.LST 
M",t File D·\Brent\Tesla\tracy96.asc - 

_ Numbe.- o~ sources 8
 
Number of source groups 4
 

Number of receptors 2673
 

I 
••• POINT SOURCE DATA ••• 

NUMBER EMISSION RATE	 STACK STACK STACK STACK BUILDING EMISSION RAT 
SOURCE PART. (GRAMS/SEC) Y ELEV. HEIGHT TEMP. EXIT VEL. DIAMETER EXISTS 

W CATS. (METERS) (MEn:RS) (METERS) (METERS) (DEG.Kl (N/SEC) (METERS) 'Y
I , "'"	 SCALAR VARY

on 0 0 .17970£+01 625968 ., 411611H .0 no ., CO . " 356.71 , YES 
GT> 0 0 .17970F-~01 626011.3 4176031 . 0 118. , 358.71 1 7.57
 
Gn 0 0.17970E~(n 626095.8 4176031. 0 118.9 CO.."" 358.71 17.57 " YES
 
GT. 0 0.17'170E~01 626138.3 4176031 .0 U8.'1 358.71 1 7 .57 , " YES
 
FWPUMP 0 0.27700E-02 621;217,2 4175917 .0 118.9 "., .00" 622.00 75,00 0 ..D " m
 
UNKGT 0 0.4H45E+01 6JJHlO.0 4174603 .0 54.0 727.59 J6.58 ,.a NO
 

I	 " " ." ,, " YE' 

" .'"EALTC'r 0 0.75058E+Ol 625550.0 4184800.0 15.0 " .H 334.26 16.86	 NO 
E>.LTBLR 0.18900E+00 625550.0 4184800.0 15.0 4J5.93 5.22 ,I

0	 

,." NO" '" ." 
... SOURCE m, DEFINING SOURCE GROUPS •••

I~ROUP ID	 SOURCE m, 

. GT2 • GT3 . GT" ,FWPU/1P . UNKGT . E:ALTGT ,EALTBLR,IALL 
on • G'T2 , GT3 • GT4 , I'WPUMP 

UNKGT 

EALTGT , EALTBLR ,IEASTALTr~ 

... THE SUMMARY 0' MAXIMUM pERIOD I 8760 HRS) RESULTS .. , 

I	 -- CONC OF NOANN m MICROG~lS/M~~3 •• 
RETWORt: 

m AVERAGE CONC RECEPTOR (XR, YR, ZELEV, 2FLAG) OF TYPE GRID-ID
IR~U: - - - - - - - -	 - - - - -

ALe	 m HIGHEST VALUE 0 .37638 AT 619000 .00, 4180000 . DO, 292 .60, 0 .00 ) DC H.
 
'ND HIGHEST VALUE TS" 0.35235 AT 620500. 00, 4180500. 00, m .70, 0 . 00\ DC HA
 
m HIGHEST VALUE 0.33973 AT 620500 . 00, 4178500. 00 . 2'13 .70, a , aD} DC NA
 
<TH HIGHEST VALUE " 0.32n9 AT 618000 .00, 4181000 ,DO, '" ,20, 0.00) DC NA
 
'TH HTGHEST VALUE 0.32470 AT 630000 . 00, 4186000 . 00, 0.00, 0.00) DC NA
I 
'TH HIGHEST VALUE "" 0.31810 AT 618000. 00, 4180000 .00, 276.10, 0.00) DC NA
 
OTH HIGHEST VALUE "IS 0.31639 AT 629000. 00, 4186000 ,DO, 0.00, 0.00) DC NA
 
m HIGHEST VALUE 0.29239 AT 620000. 00, 4179000. 00, 232.80, 0.00) DC NA
 
9TH HIGHEST VALUE " 0.29128 AT 620000. 00, '1177000.00, 300.60, o .00) OC NA
I 10TH HIGHEST VALUE " 0.29071 AT 630000. 00, '1172500.00, 246.50, 0.00 ) DC HA" 

TF.5LA	 rST HIGHEST VALUE 0 .27916 AT 619000. 00, 4180000. 00. . 60, 0 . 00) oc NA
 
,NT> HIGHEST VALUE " 0.25110 AT 620500 .00, 4178500 .00, '"m .70, 0 .00) DC NA
 
lAD HIGHEST VALUE " 0.24234 AT 620500 . 00, H80500. 00, m ,70, 0 .00) DC NA
 
<TN HIGHEST VALUE " 0.23977 AT 618000 .00, 4181000. 00, 29'1.20, o. 001 DC NA
 

I 
I >TN HIGHEST VALUE " 0.23490 AT 618000. 00, 4180000 .00, 276.10, 0 .00) DC NA
 

<TN HIGHEST VALUE " 0.21785 AT 620000 .00, 4177000 .00, )00.60, 0 .00) DC NA
 
;TH HIGHEST VALUE "IS 0.20759 AT 620000 .00, '1179000 .00, 232.80, o. 001 oc NA
 
m HIGHEST VALUE IS 0.20261 AT 630000. 00, '1172000. 00, 264.80, 0 .00 ) DC HA
 
m HTGHEST VALUE IS 0.1985'1 AT 630000. 00, '1172500. 00, 246.50, 0 .00) DC HA
 

10TH HTGHEST VALUE IS 0.19551 AT 620000 .00, 4180000. 00, 228.60, 0 .00) DC HA 

., 1ST HIGHEST VALUE 0.06880 AT 620500.00, '1180500. 00, m .,0, 0 .OO} oc HA 
2ND HIGHEST VALUE " 0,06518 AT 619000.00. 4180000. 00, 292.60, 0 ,00) DC HAf 3RD HIGHEST VALUE "IS 0.05980 AT 618000.00, 4181000.00, 294.20, 0 .00) DC NA 
4TH HIGHEST VALUE IS 0.05S93 AT 616000.00, 41(>3000. DO, 297.30, 0 .00) oc NA 
5TH HIGHEST VALUE IS 0.05821 AT 620000.00, 4182000.00, 224.40, o. 001 DC NA 

I 



... ISCST3 VERSION 00101 +++I··	 ...
FPL	 Tesla 
Model Execuced On 11/27/01 at 19:14:27 ••• 

I:BEE-Line ISCST3 "BEEST" Version a.IO 

1 File D: \B ["0:' nt \ Tesla\Cumulati \'0:' \supplement\Cumul "tiveT 97 PM24. DTA 
RUL~_~ File - D:\Brent\Tesla\cumulative\Supplernent\CumulativeT=97=PM24.LST 

Met	 File - D:\Brent\Tesla\tracy97.asc 

• - Number of sources - 31
 
Number of source gt"OUPS 4
 

Number of ,,"ceptars 26J) 

I 

• NlJloIBER EMI£SION RATE BASE STACK STACK STACK STACK BUILDING EMISSION RAT
 
SOURCE PAAi'. IGP.JViSjSEC) , y ELEV. HEIGHT TEMP _ EXIT VEL. DIAMETER EXISTS SCALAR VARY
 

m CATS. (METERS) (METERS) (METERS) (METERS) (OO:G.K) (M/SEC) \METERS) BY
 

I,GTI 0 0 .1$930E+01 625968.8 4176031. 0 m .9 60 .,. m .n 5. 7~ nO'" ."GTO 0 0 .15930E+01 626011.3 4176031. 0 m .9 60 .,. m .11 5.79" ."Gn 0 0 .15930E+01 626095.8 4176031.0 m .9 60 m .n 5.79 YES
 
GT' 0 0 .15930E+Ol 6261:'.8.3 4176031.0 m .9 60.96 " m .n ,." 5.79 m
 

0 0 .79758E-02 625945.0 4176094.0 m .9 16.92 m .,. " 9.14

'. en 0 0 · 79758E-02 625959.0 41760H.0 m .9 16.92 m .,. , " 9.14 '"
 

" ."	 '" 
CT'	 YE' 

•	 en 0 0 .7975~E-02 625973.0 4176094.0 m .9 16.92 m .,. " 9.14 
eT' 0 O. 79758E-02 625987.0 4176094.0 "" .9 16 . El2 m ,.,. 

,,."." 9.14- '" Y", 
OT> 0 O. 79758E-02 626001.0 4176094.0 m 9 16.92 6.51 9.14,CT6 0 0 79758£-02 626015.0 4176094.0 16.92 '" 6.51 9 . 14. '",,,	 ,.

"" .9	 ,.en 0 0 · 79758E-02 626029.0 4176094.0 118.9 16.92 m 6.51 'iI. 14 '" YE'
 
CT" 0 0 .79758E-02 62604J.0 4176094.0 118.9 16.92 6.51 9 .14 YE'
I . CT9 0 O. 79758E-02 6.6057.0 4176094.0 li8.9 16.92 m'" " 6.51 9.14 YE' 
eTIO 0 .79758E-02 626071.0 4176094.0 118.9 16.92 m .,." 6".51 9.14 YE' 

'	 CTll " 0 .79758E-02 626085 0 4176094. I) 118.9 16.92 307 .,. 6.51 9.14
 
em " 0 · 79758E-02 626103.0 4176094.0 118.9 16.92 m .,. 6.51 9.14 '"
 
CTU "0 0 · 79758E-02 626117.0 4176094.0 118.9 16.92 m .,. 6.51 9.14 '"
YE'•	 cru 0 O. ?9758E-02 626131.0 U 76094.0 11~. 9 16 .92 m .,. 6.51 9.14 YE'
m, 0 0.79758E-02 626145.0 4176094.0 118.9 16 .92 307.04 6.51 9.14 YE'
 
CT' ~ 0 0.79758E-02 626159.0 4176094.0 118.9 16.92 307.04 6.51 9.14 YE'


I
 0 0.79758E-02 626173.0 4176094.0 118.9 16.92 307.04 6.51 9.14 YE'
 
0 0.79758£-02 626187.0 4176094.0 118.9 16.92 307.04- 6. Sl 9.14 YE'
 

•
c .... ,. 0 0.79758E-02 626201.0 4176094.0 118.9 16.92 307.04 6.51 9 . 14. y",
 
CT20 0 1).79758E-02 626215.0 ·'1176094.0 1 19 . 9 16.92 307.04 6.51 9.14 YE'
 
CT21 0 0.79758E-02 626229.0 4176094.0 118.9 16.92 307.04 6.51 9.14 YE'
 
CT22 0 0.79758E-02 626HJ.0 4176054.0 118.9 16.92 307.04 6. SI 9 . ,. HS
 
FWPUMP 0 o .34120E-03 626217.2 4175917.0 118.9 l .00 622.00 75.00 O. " YF.S
 
UNKGT 0 0.24066E+Ol 633100.0 H7460l.0 54.0 30.48 727.59 36.59 NO
,."EALTGI 0 0.57708E+Ol 625550.0 4184800 0 15.0 5J.34 334.26 16 .86	 NO,."EALTBLR 0 0.J3390E~ao 625550.0 41801800.0 15.0 30.41> 435.93 S.22 , NO 

I EALTCT 0 0.30240£+00 625550.0 4184BOO.O IS.0 13.72 294.26 10.00 ." NO 

... " " 
SOURCE ,", DEFINING SOURCE GROUPS ... 

SOURCE ,",I'ROUP m 

lie Gn GT.	 en CT' 

I, m mo cm CT12 CT13 CT14 CTIS CT16 CT18 CTl9 

eTn CT22 FWPUHP UNKGT EALTGT EALTBLR EALTCT 

Gn	 CT'I'TESLA	 en CTJ CT7 

m CT10 CT11 CTl1 CT13 CT14 CT15 CT16 CT17 CT18 CT19 

CT21 CT22 FWPUMP 

Ilrn~o~ UNKGT 

, EALTBLR , EALTCTI:EASTALTM 

I,
 
.~* THE SUMMARY OF HIGHEST 24-HR RESULTS •••
 

~ * CONC OF PM2~	 •• 

I 



~
 
lseS1'3 - VERSION 00101 •••I···... ... FPL T.,9Ia
 
Model Executed on 11/27/01 at 18:23:29 ***
 

I BEE-Line rSeS1'3 "BEES1'" Version 8.10 

1 File D:\Brent\Te91a\Cumulative\Supplement\CumulativeT 97 PMJUn; DTA 

I 
OUL~~C Flle - D \Brent\Tesla\cumulatlve\5upplement\CumulaClveT-97-PMANN.LST
 

Met FIle - D \Brent\Tesla\tracy97 asc - 

Number of sourc,,'" - Jl
 
Number of source groups 4
 

Number of recepcor9 267J
 

I 
+.+ POINT SOURCE DATA ••• 

I NUMBER EMISSION RATE eAS' STACK STACK STACK STACK BUILDING EMISSION RAT 
SOURCE PAAT. (GRAMS/SEC) x y ELEV. H8IGHT TEMP. EXIT VEL. DIAMETER EXISTS SCALAR VARY 

W CATS. (METERS) (METERS) (METERS) (METERS) (DEG. K) 1M/SEC) (METERS) 

en 0.13660£0+01 625968.8 4176031.0 118.9 60.96 358.71 17.57 5.79 YeS 
GT2 0.13660E+01 626011.) 4176031.0 118.~ 60.96 358.71 17.57 5.19 US 

I 
I

" 

Gn 0.13660E+Ol 626095.8 4176031.0 IlB.9 60.96 358.71 17.57 5.79 YeS 
GT' a .13660E+Ol 626138.3 4116031.0 11B.9 60.96 358.71 17.57 5.79 Y<S 
en O.79758E-02 625945,04176094.0 118.9 16,92 307.04 6.51 9.14 Y,S 
en 0.79758E-02 625959.0 4176094.0 IlB.9 16.92 307.04 6.51 9.14 YES 
en 0.79758E-02 625973.0 4176094.0 11B.9 16.92 307.04 6.51 9.14 y>< 
CT< 0.79758E-02 625987.04176094.0 118.9 16.92 307.04 6.51 9.14 y", 

m 0.79758E-02 626001.0 4176094.0 118.9 16.92 307.04 6.51 9.14 US 

I 
I 

CT' 0.79758E-02 626015.0 4176094.0 llB.9 16.92 307.04 6.51 9.14 y,S 
cn 0_ 79758E- 02 626029.0 4176094 C IlB.9 16.92 307.04 6.51 9.14 y", 

en o 79758E-02 626043.04176094.0 11B.9 16.92 307.04 6.51 9.14 y,S 
en O.7~758E-02 626057.0 4176094.0 118.9 16.92 307.04 6.51 9.14. y,S 
eTlO 0.79758E-02 626071.0 4176094.0 118.9 16.92 307.04 6.51 ".14 US 
C1'11 O.79756E-02 626085.0 4176094.0 118.9 16.92 307.04 6.51 9.14 y,S 
CT12 o .79756E- 02 626103.0 4176094 0 11B.9 16.92 307.04 6.51 ~ . 1.. y,S 
C1'13 0.797561'-02 626117.0 4176094.0 118.9 16,92 307.04 6.51 D • 14. y,S 
C1'14 O. 79756E- 02 626131.0 417609~.0 118.9 16.92 307.04 6.51 9.14 US
 
eT15 0.797588- 02 626145.0 4176094.0 118.9 16.92 307.04 6.51 Y<S
".14 

I 
,of" 6 0.79758E-02 626159.0 4176094.0 116.9 16.92 307.04 6.51 9.14 Y<S
 

0.79758E-02 626173.0 4176094.0 116.9 15.92 307.04 6.51 9.14 Y<S
 
0.79758E-02 626187.0 417609~.0 118.9 16.92 307.04 6.51 9.14 Y,S
 

I 
C"ll9 0.79758E-02 626201.0 ~176094.0 118.9 16.92 307.04 6.51 9.14 Y<S 
C1'20 0.79758E-02 626215.04176094.0 116.9 16.92 307.04 6.51 9.14 Y<S 
C1'21 o. 79758E~02 626229.04176094.0 118,9 16.92 307.04 6.51 9.14 y",m, 0.79'1588-02 62624).04176094.0 118.9 16.92 307.04 6.51 9.14 y", 
FWPUMP 0.48599E-04 6~621?2 4175917.0 118.9 3.00 622.00 75.00 0.13 Y<S 

I 
UNKGT 0.24066E+Ol 6]3100.0 4174603.0 54.0 30.48 727.59 36.58 5.18 NO 
EALTGT 0.57708E+Ol ~~S550.0 4184800.0 IS.O 5l. 34 334.26 16.86 5.54 NO 
EALTBLR 0.33390E+00 ,.5550.0 4184800.0 IS.0 3D .4B 435.93 5.22 2.lG NO 
EALTCT 0.30240E+00 625550.0 4184800.0 15.0 13.72 294..26 10.00 10.27 NO 

••• SOURCE IDs DEFINING SOURCE GROUPS .......
 

m SOURCE IDsI~ROUP 

ALL Gn GT2 GT' GT' cn en en CT' CT' m en 

I
 en 1:.'1'10 CTll CT12 cm CTl~ CT15 CTl6 CT1? CT18 en,
 
CT21 CT~2 FWPlTMP UNKGT EIU.TGT EALTBLR EALTCT 

ITESLA Gn GT' GT3 GN en en en CT3 m CT3CT' 
CT' CTI0 cnl CT12 CTIJ CT14 CTl5 CT16 CT17 CT18 CT19 

CT21 C"In FWPUMP 

I UNKNOWN UNKGT 

EALTGT • EAL'TBLR • EIU.TCTI EASTALTM 

I 
• ++ THE SUMMARY OF MAXIMUM PERIOD ( B760 HRS) RESULTS ... + • 

.... CONC OF PMANN 

I 



- - - - - -

I',. ISCST) - VERSION 00101 ~~~
 

FPL Te.!lla
 
, .. Model Executed on 11/27/01 "t 17:40:45 ...
 

I ~3F~ !.ine ISCST3 "llr£ST" Version e .10 
,
 

1 Fi 1 e D. \Brent\Te..:ta \Cumul at i ve \Supplement \Curnula t i veT 98 501. DTA
 
~tPut File - D:\Brent\Tesla\Cumulative\Supplernent\CurnulativeT=98=SOI.LST
 

Met File - D:\Brent\Tesla\tracy98.asc
r 
I • Nurr.ber of soun:es 8
 
Number of source groups 4
 

Numbe:t: of receptors 2673


I', , 
.*~ POINT SOURCE DATA ••• 

NUMBER EMISSION RATE BASE STACK STACK STACK STACK BUILDING EMISSION RAT,SOURel:: PART. (GRAMS/SEC) y ELEV. HEIGHT TEMP. EXIT VEL. DIAMl'TER E.1II5TS SCALAR VARY 
W CJlTS. (METERS) (METERS) (METERS) (METERS) (DEG.K) (M/SEC) (ME1'ERS) " -on 

0 0 .25330B.OO 625968.8 41760]1.0 118.9 60,96 3SB .n 18.86 5.791 'E'

I ;
G'f2 0 0 .253301::+00 626011,3 U76031.0 118.9 60.96 3SB .n 16.86 5.79 'iE5
 
Gn 0 0 .253]01::+00 626095.6 H 76031. 0 llS.9 60.96 3SB .n 18.86 5.79 m
 
GTO 0 0 .253JOE+00 626138.3 ~1760)1.0 118.9 60.96 3SB .n 16 .86 5.19
 
FWPUMP 0 0 .47250E-Ol 626217.2 4115917.0 118.9 ].00 m 00 75.00 0.13 '" n,
 
UNKGT 0 O . 12600E+00 633100.0 4174603.0 54,0 30.48 m 36,58 5.18 NO
 
EALTGT 0 0 . 61236E+OO 625550.0 418<1800,0 15.0 53.34 334.26" 16.86 5.64 NO
 
EALTBLR 0 0 11340E-Ol 625550,0 418<1800.0 15.0 30.48 435.93 5.22 2.16 NO
 

1
 .,' SOURCE W, DEFINnlG SOURCE GROUPS ...
 
",~OUP ID SOURCE 'D' 

, GT2 , GT3 , GT4 ,F1'/>,UMP ,UNXGT , EALTGT , EALTBLR , 

I"
 Gn , GT2 , GT3 . GT4 , FWPUMP
 

JNKNOWN UNKGT 

EALTGT , EALTIlLR , 

••• THE SUMMAf'.'i OF HIGHEST 1-HR RESULTS ... * 

1 ,. CONe OF 501 IN MICROGRAMS/M"] 

DATE 
W AVERAGE CONC (YYMMDDHH) RECEPTOR ()CR. ", ZELE'J , ZFLAG) OF T'lPEI<~'J~ - - - 

.C HIGH m HIGH VALUE 68.2670~ ON 98112604: 626300. 00, 4176175. 00, 121.60, 0.00) DC 
1ESLA fnGH 1ST HIGH V/l.LUE " 68.2G7DJ ON 98112604, AT" 626300. 00, 4176175. 00, 121.60, O.DOl OC 
UNKNOWN HIGH m HIGH VALUE " 0.49053 0' 980<10104 : AT 6]1500. 00, 41 71500 .00, 270,70, 0.00) OC 

I"\STALTM HIGH m HIGH ''''ALUE W" 1.975~1 DN 98090502, 621000 .00, 4181000 .00, 168.20, 0.00) OC" 

1
 
1
 
1
 
1
 
1 



- - - - - - - - - - - - - - - - - - - -

ISCST3 VERSION 00101 ••• 
FPL Tesla ... ... Model Executed on 11/27/01 at 18:02:08 ••• 

I~BEE-Line rSCST3 "BEES." Version e .10 

, File D. \Brent \ Tesla\Cumulative \Supplement \CumulativeT 99 S024. DTA 
u~r~c File - D:\B<ent\Tesla\Cumulative\supplement\CumulativeT=99=SO24 .LST 

. Met File - D:\Brent\Te~la\tracy99.ascr. Number of sources - a
 
Number of source groups 4
 

Number of receptors 2673
 

••• POINT SOURCE DATA ••• 

I: NUMBER EMlSSION RATE STACK STACK STACK STACK BUILDING EMISSION RAT'AS'
SOURCE PART. (GRAMS/SEC) x y ELEV. HEIGHT TEMP. Ex:IT VEL. DlhMETER EXISTS SCALAR VARY 

W CATS. (METERS) (METERS) (METERS) (METERS) (DEG.Kl (M/SEC) (METERS) " 
Gn 0 0 .25330E+00 625968. , 4176031.0 60 358. n 18.B6 5.79 YES"" ., 
Gn 0 O.25JJOE+00 626011 ., 4176031.0 ue ., 60 ;OS 18.86 5.79 YESI'
Gn C 0.~5JJO'E+00 626095.8 41760]1.0 118.9 60 

"" 358.."n 18.86 5.19 ¥ES 
Gn 0 0.25330E+00 626138.] 4176031.0 118.9 60. " 18.86 5.79 ¥ES " '" .n

I' FWPUMP 0 0.19660E-O~ 626217.2 4175911.0 118.9 3 00 622. 00 75.00 0.13 ¥ES 
ONKG' e 0.12600E+00 633100.0 4174603.0 54.0 30 .., 121. " 36.58 5.18 NO 
EALTGT 0 0.61236£+00 625550.0 4184800.0 15.0 ;) .J< DO .,. 16.86 5.64 NO 
EALTBLR 0 0.11340£-01 625550.0 4184600.0 15.0 m. ., 435. " 5.22 2.16 NO 

... 50URCE W, DEFI~!~G SOURCE GROUPS ... 
SOURCE W, 

Gn , GT2 , GT3 , GT4 fl-IPUMP ,UNKGT , EALTGT ,EALTBLR, 

, GT2 , GT4 , FWPUMP'" 
UNKGT 

EALTGT , EALTBLR , 

*** THE SUMMARY OF HIGHEST 24-HR RESULTS ••• 

I, .. CONC OF 5024 IN MiCRQGRAMS/M**3 

DATE 
m AVERAGE CONC (YYMMDDHH) RECEPTOR (XR, YR, ZELE""" , ZFLAG) OF TYPE 

I '<~U: 
.LL HIGH HIGH VALUE 0 .63663c ON 99112724, 625000 .00, 4172500.00, . 50, 0.00) 

TESLA HIGH '" '" HIGH V,u,UE " 0 .S8856C ON 99112724 : 625000 .00, 4112000.00, 334 . ", 0.00) 
0'" '" 0' 

'" 
UNKNOWN HIGH '" HIGH VALUE " 0 .Oe79ac ON 99112724 : " 632000 .00, 4111000.00, >68 . 40, 0.001 0' 

HIGH VALUE " 0 .26996c ON 99112724 ; " 624000 .00, 417S000.00, m .90, D.OOII:AST,u,TM HIGH " " " 

I 
I.
 
I'
 
I,
 

I
 



II 
I: 6TH HIGHEST V~UE IS 0 .00166 AT 620500.00, 4181000. 00, 216 .60. 0 .00) DO NA 

7TH HIGHEST VALUE IS 0 .00165 AT 620500.00, 4178500. 00, 243.70, 0 .00) DO NA 
8TH HIGHEST VALUE IS 0 . 00157 AT 618000.00, 41BOODO . 00, 276.10, 0 .00) DO NA 
9TH HIGHEST VALUE IS 0 .00154- AT 618000.00, 4184000 .00, 226.10, 0 .00) DO NA 

10TH HIGHEST VALUE IS O. 00148 AT 620000.00. 4180000. 00, 228.60, 0 .00) DO NA 

I'	 
U* THE SUMM.i>,RY OF MAXIMUM PERIOD ( 8760 HRS) RESULTS ••• 

•• CONe OF	 SOANN IN MICROGRAMS/M'-] 

NETWORK 
w AVERAGE CONe RECEPTOR (}:'R, YR, ZELEV, ZFLAG) 0, T'{PE GlUD-IDI :R~U~ - - - - - - - - - -	 - - - 

EA$TALT1'1	 1ST HIGHEST VALUE W O. 02576 AT 630000. 00, 4186000. 00, 0 00, 0 .00) DO NA 
2ND HIGHEST VALUE W 0 . 024095 AT 629000. 00, 4186000 . 00, 0 .00, 0 .00) DO NA 
JRD HIGHEST VALUE W O. 02250 AT 631000. 00, 4186000 .00, o.no, 0 .00) DO 
4TH HIGHEST VALUE W O. 01912 AT linoao. 00, 'leGOOD. aD. 0.00, 0 00) DO '"I:	 5TH HIGHEST VALUE W O. 01633 AT 6]]000.00, 418"000.00, 0.00, 0 00) DO "' 
6TH HIGHEST VALV[ 0 .01609 6:.17000.00, 41B5000.00, 7.00, 0 .00) DO "' 
7TH HIGHEST VALUE " 0 01557 "AT 626000.00, 4183001).00, 24.30, 0 .00) DO '" "	 2.10, DO NABTH HIGHEST VALVE 0 .01534 AT 6HOOO.00, 41B5000 _00, 0 .00) '" 
9TH HIGHEST VALUE " O. 01426 AT £26000.00, 4182000.00, 34.10, 0, 00' 00 NAI: 10TH HIGHEST VALUE " 0 .0140B AT 6J4ClOO.00, 4186ClOO.00, 0.00, 0 .00) OC NA" 

I~ 

I' 
I:
 
I;
 
Ii
 
I,
 

1 
I. 
1
 
I,
 
1
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r>'L Tesla. POloo'er Plant Health Risk ...ssessment • OUTPUT OF AMI/SBCAPCD ACE25B8 MODEL V
 

IIrPUC File: FPLTPP.aci Output File: 4HRA99. aeo 11/20/01 12;16:18
 

I
 
I
 
I
 
I
 ••••• ACE 2 5 B 8 --- ASSESSMENT OF CHEMICAL EXPOSURE FOR AS 2588 VERSION 93288
 

A MULTI-SOURCE, MULTI-POLLUTANT, MULTI-PATHWAY RISK ASSESSMENT MODEL 

I
 DEVELOPED BY APPLIED MODELING INC. AND SANTA BARB~ COUNTY APCD •••
 

Distributed and Maintained by CAPCOA 

I
 
I
 
I
 
I
 
I
 
I
 
I
 
I
 
I
 
I
 
I
 
I,
 



I 
,'PL Tesla Po,",,,r Plant Health Risk Assessment . OUTPUT OF AMI/SBCAPCD A.CE25BB MODEL V 
Input File: ["PLTPP. aei Output File; 41lRA99 . aco 11/20/01 12:16:18 

I, POLLUTAllT SPE:CIFIC DATA ... 
SYMBOL Nm, UN IT RISK POTENCY ACUTE AEL CHRONIC AEL OP~ DOSE CHRONIC TO)( EUDt'OINTS ACUTE TO 

lug/m~)-l (mg/kg-dl lug/m3l (ug!mJ) (mg/lo;.g-dl CV CN KI " " CV 'M K(AM" , IM L' R' CN 

• aphthalene NAPTH no 0 OOE+OO 0 .OOE+OO o. OOE+OO , .OOE+OO 4.00E-03 0 0 0 0 0 0 , 0 0 0 0 0 
Polycyclic arom. He 'AN UO L IDE-OJ , .20E+Ol o. OOE+OO 0 .OOE+OO 0.00£+00 0 0 0 0 0 0 0 0 0 0 0 0, , , IthYlbenzene ETHLS m 0 .OOE+OO 0 ,OOE+OO 0 .OOE+OO , .00E+03 O.OOE+OO 0 0 0 0 0 0 0 0 0 
utadiene-l.3 BUTAD , .70E-04 0 .OOE+OO 0 .OOE+OO , .00E+Ol O.OOE+OO 0 0 0 0 0 0 0 0 0 0 0 
cetal.dehyde ACETA ", , . 70E- OG 0 .OOE.. OO 0 .OOE+OO , .00E+(l0 O.OOE+OO 0 0 0 0 0 

, 
0 , 0 0 0 0 0 

,:kcrOlelrl ACROL , 0 .OOE+OO 0 . OOE+OO , .908-01 6 . 00E-02 O.OOE+OO 0 0 0 0 0 0 , 0 0 0 0 0 
Benzene BENZE B , .90E-05 0 . OOE+OO , . JO£+O] 6 . 00£+01 O.OOE+OO , , 0 0 0 , 0 0 , 0 > 0 

lormaldehYde HeHO ; .00E-06 0 .OOE+OO , .40£+01 , .OOE+OO O.OOE+OO 0 ,0 0 0 0 0 > 0 0 0 0 , 
-hexane ""EX m" 0 00£+00 0 .OOE+OO 0 .00£+00 7 .00£+03 0.00£+00 0 0 0 0 0 0 0 0 0 0 0 
ropylene PROPL DO 0 .OOE+OO o. 00£+00 0 .OOE+OO , .00£+03 0.00£+00 0 0 0 0 0 0 , 0 0 0 0 0 

, Propylene OX1.de PROX m , . 70E- 06 , .40E-01 , .10E+03 , .00E+01 O.OOE+OO 0 0 0 0 0 0 > 0 0 0 0 0 
Toluene TOL 0 .OOE+OO 0 .OOE+OO , .70£+04 ,.OOE+O~ O.OOE+OO 0 , 0 0 0 , , 0 0 > 0 0 

XYLEN '"m 0 .OOE+OO 0 .00£+00 , .20£+04 7 .00£+02 0.00£+00 0 , 0 0 0 0 , 0 0 0 0 0 
monia NH' , 0 .OOE+OO 0 .OOE+OO , .20£+0] , .00E+02 0.00£+00 0 0 0 0 0 0 , 0 0 0 0 0 

ieselE.Kh3us;t DIESL 160 , .00E-04 o. OOE+OO 0 .OOE+OO , .OOE+OO 0.00£+00 0 0 0 0 0 0 , 0 0 0 0 0Ir" , , ,,1\.rs;enic: As , .30E-03 , .50E+00 L 90E-01 3.00E-02 J.00E-04 0 0 0 0 0 0 0 0 0 
Bromine B< " 0 .OOE+OO 0 .OOE+OO O.OOE+OO 1. 70E+00 o.OOE+OO 0 0 0 0 0 0 , 0 0 0 0 0 
Cadmium Cd " . 20E-03 0 .OOE+OO 0.00£+00 2.00E-02 5.00E-04 0 0 0 , 0 0 , 0 0 0 0 0 

(hex. ) C< " ,•.50E-Ol •.20E-01 O,OOE+OO 2.00£-01 2.00E-02 0 0 0 0 0 0 , 0 0 0 0 0Ihromium 
opper C" " O.OOE<OO 0 .OOE+OO 1.00E+02 2.40£+00 O.OOE+OO 0 0 0 0 0 0 ,, , 0 0 0 0 0 
luoride 3nd Cmpml'" FLR1D " 0.00£+00 0 .OOE+OO 2.40£+02 5.90£+00 0.00£+00 0 0 0 0 0 0 0 0 0 0 

'1".3ng",nese Mn '" O.OOE+OO 0 .OOE+OO O.OOE+OO 2.00E-Ol 0.00£+00 0 > 0 0 0 0 0 0 0 0 0 0 
Mercury Hg " O.OOE+OO 0 .OOE+OO 1.80£+00 9.00E-02 3.00E-04 , , 0 , > > > 0 0 > 0 , 

Wi ,n" 2.60E-04 O.OOE+OO 6.00E+00 5.00E-02 O.OOE+OO 0 0 , , 0 0 ,, 0 0 , , 0 
!:'lfates; SO. H' O.OOE+OO 0.00£+00 1.20E+02 2.50£+01 O.OOE+OO 0 0 0 0 0 0 0 0 0 0 0 
"0 m O.OOE+OO 0.00£+00 O,OOE+OO 3.50£+01 O.OOE+OO > 0 0 0 0 0 0 0 0 0 

liO'"' 
" 

, , 

I
 TOTAL NUMBER OF MOOELED POLLUTANTS ~
 

NUMBER OF CARCINOGEN1C POLLUTANTS _ 

70 135 160 10 22 

I NUMBER OF MULTI PATHWAY POLLUTANTS ~ 7 

110 130 IJ5 

NUMB£R OF POLLUTANTS WITH ACUTE NON-CANCER RISK =I ,J 13 70 13<; 145 151 38 161
 
87 111 141
 

I, 

I, 

I, 

I, 

I 
I 
I 
I 



I 
I 
I 

(PL Tesla Po~er Plant Health Risk Assessment • OUTPUT OF AMI!SBC~PCD ACE2588 MODEL V 
Input File: FPLTPP. aci Output Fi 1e: 4HRA99. aco 11/20/01 12: 16: 18 

••• INPUT	 SOURCE EMISSION RATES .... 

FOR SOURCE ~ 1 Gas Turbines
 
OPERATING HOURS 8760.00 SIJRl'"ACE AREA 1m2) ~ 1,OO()E+OO DEPOSITION ADJUST. FACTOR _
 1.00000 
-----._------------------------ -----------------._------------------------------------------------------

I
 
POLLUTANT NAME POLLUTANT NUMBER I-HOUR RAT' ANNUAL RAT'
 

(g!s) (lbjhrj Ig/5) Ilb/yr)
 

NAPTH no 1.860E-03 1.06E-02 1.S60E-03 L. OeSE+02 
'AH DO 1.840E-04 1.4601'-03 l.S40E-04 , .071E+Ol 
ETHLB 1.3S0E-02 1,071E-Ol 1.13OE-02 , .856E+02 
'UTAD '" 3.150E-05 2.500E-04 2.630E-05 L. B2BE+00I	 ACETA ",, 1.2HIE-01 9.60JE-01 1.010E-ol , .022E+03 
ACROL O.OOOE+OO O.oOOE+OO O.OOOE+Oo 0 .0001>+00 
SENZE n 1.120E-02 B.8B9E-02 9.340E-03 , .494E+02 
HCHO 2.170E-Ol 1. 722E+00 1.810E-Ol , .25BE+04 
NHEX m" 9.030E-02 7.167E-Ol 7.560E-02 , .256E+0]
PROPL 4.7JOE-Ol· 3.754E+00 ].960E-Ol , .753E+04 
PROX DO 1.390E-02 1.103E-Ol ,.065E+02I '" 1.160E-02 
TOL ].970E-02 ].151E-Ol 3.320E-02 , .308E+0]
XYLEN m 1.480E-02 1.175E-Ol ,.621::+02'" 1.240E-02 
NH' 1.830E+00 1.452E+Ol 1.500E+00 , .043E+05 
DIESL "0 O.OOOE+OO O.OOOE+OO O.OOOE+OO 0 .OOOE+OOI , 
,. LO O.OOOE+OO O.OOOE+OO O.OOOE+OO 0 .OOOE+OO 

O.OOOE+OO O.OOOE+OO,~ O.OOOE+OO 0 .OOOE+OO 
Cd " O.OOOE+OO O.OOOE+OO O.OOOE+OO 0 .OOOE+OO 
C~	 " O.OOOE+OO O.OOOE+OO O.OOOE+OO 0 . OOOE+ 00I Cu " '" O.OOOE+OO O.OOOE+OO O.OOOE+OO 0 .OOOE+OO 
FLRrD O.OOOE+OO O.OOOE+OO O.OOOE+OO O. OOOE+OO 
~ '" O.OOOE+OO O.OOOE+OO O.OOOE+OO 0 .OOOE+OO 

O.OOOE+OO O.OOOE+OO"	 O.OOOE+OO 0 . OOOE+ 00
.i"'	 Ln"' O.OOOE+OO O.OOOE+OO O.OOOE+OO 0 .OOOE+OO
'0' O.OOOE+OO O.OOOE+OO O.OOOE+OO 0 .OOOE+OO'" '"	 O.OOOE+OO O.OOOE+OO O.OOOE+OO 0 .OOOE+OOI	 '" 

,FOR SOURCE ~ Cooling Towers 
OPERATING HOURS 8760.00 SURFACE ;:.REA. (m2) = 1.000E+00 DEPOSITION ADJUST. FA.CTOR = 1. 00000I	 ---------------------------------------------------------------------------------
POLLUTANT	 l-:l\ME POLLUTANT NUMBER 

I 
I-HOUR RATo ANNUAL RATO 

(g/5) llb/hr) (g/s) llb/yrl 

NJ:.PTH	 HO 0 .OOOE+OO 0 .OOOE+OO 0 .OOOE+OO 0 .OOOE+OO 
'AH	 HO 0 .OOOE+OO 0 .OOOE+OO 0 .OOOE+OO 0 .OOOE+OO 
ETHLB 0 .OOOE+OO O. OOOE+OO 0 .OOOE+OO 0 .OOOE+OO 
BUTAD "" 0 .OOOE+OO 0 .OOOE+OO O. OOOE+OO 0 .OOOE+OO

I " 

I 
I 
I 
I 
I 
I 
I 



I 
i'PL Tesla Power Plant Health 
Input File: FPLTPP.aci 

Risk Assessment 
Output File: 4HRA99.aco 

• OtrTPtrr OF AMljSBCAPCD ACE2588 MOPEL 
11/20/01 " :16:18 

V 

I Nn 
Ng "' " 

o. OOOE+OO 
o. OOOE+OO 

0 . OOOE+OO 
0 . OOOE+OO 

O.OOOE+OO 
O.OOOE+OO 

o. OOOE+OO 
o. OOOE+OO 

Hi m O.OOOE+OO 0 .OOOE+OO O.OOOE+OO o. OOOE+OO 

I 
;0'
'n '"m 

O.OOOE+OO 
O.OOOE+OO 

o. OOOE+OO 
0 .0001'+00 

O.OOOE+OO 
O.OOOE+OO 

o. OOOE+OO 
o. OOOE+OO 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 



I
I 

·'PL Tesla pOlo<er O'lant Health Risk Assessment • OUTPUT OF AMr/SBCAPCD AC~2SS6 HODEL V 
[nput File' FPLTP".aci Outpllt Fil", ~HRA99.aco 11/20/01 12'16:18 

**. 70-¥EAR LIFETIME CANCER RISK BY SOURCE FOR PEAK RECEPTOR # 938 ••• 

DERMALSOURCE ,<mAL, . SOIL WATER PLAnTS ANIMAL MOTHER MILKI "'"
 , 5 . 872E-09 , .494E-09 , .210E-09 0 OOOE+OO , .4701>-08 O.OOOE+OO 0 .OOOE+OO , ,3341:-08, ; .530E·06 5 .561E-09 5 . HOE-DB 0 .OOOE+OO , .858E-08 O.OOOE+OO 0 .OOOE+OO , .666E-06, 5 .'1.60E-08 o. OOOE+OO o. OOOE+OO 0 .OOOE+OO 0 .OOOE+OO O.OOOE+OO 0 .OOOE+OO 5 .460E-08I ----------------------------- -- .. ----------------------------------- ---------------------------
3.590E-06 8.075E-09 O.OOOE+OO 5.328E-08 O.OOOE+I)O O.OOOE+OO J.70\16E-06 

I RECEPTOR RISK OF 1.746E-06 IS BELOW SIGNIFICANT RISK LE:VEL OF I.OOOE-OS 

RECE~TOR RISK OF 3.746E:-06 EXCEEDS IMPACT ZONE RISK LEVEL OF 1.000E-06 
RE:CE:~TOR POPULATION a 

I RECEPTOR BURDEN MO. 000£+00 

I
 
I
 
I
 
I
 
I
 
I
 
I
 
I
 
I
 
I
 
I
 
I
 
I
 



I
I 

<-PL TesIa pOloler Plant He31th Risk Assessment • OUTPUT OF AMI/SBCAPCD ACE2588 MODEL V 
Input file: FPLTPP. <lei Output File: ~HRA99. aco 11/20/01 12:16:18 

••• 70-YEAR LIFETIME DOSE (mgjkgjdl BY POLLlTI'ANI' FOR .. EAJ( RECEPTOR # 938'" 

IOLLtrrANT 

,,'"

'UTAD

I i'+.CETi'+. 
BENZE 
HCHO 
PROX 
DIESL 

I ~;
 
Ni 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

INHALE 

1.399E-I0 
2.1908-11 
9.177E-08 
B ~87E-09 

1.6~:'E-07 

1.054£-08 
5.200E-08 
5.067E-09 
1.013E-08 
6.319£-09 
5.067E-09 

4.269£-11 
0.000£+00 
0.000£+00 
O.OOOE+OO 
0.000£+00 
4o.089E-09 
O.OOOE+OO 
9.168E-I0 
O.OOOE+OO 
1.218E-08 
0.000£+00 

SOIL 

6.72]E-11 
0.000£+00 
O.OOOE+OO 
O,OOOE+OO 
0.000£+00 
1.932£-09 
0.000£+00 
4,615£-08 
O.OOOE_OD 
5.755£-08 
0.000£+00 

WATER 

D.OOOE.DO 
0.000£+00 
0.000£+00 
0.000£+00 
0.000£+00 
0.000£+00 
0.000£+00 
0.000£+00 
0.000£+00 
O.OOOE+OO 
O.OOOE+OO 

PLANTS 

4.888E-10 
O.OOOE+OO 
O.OOOE+OO 
0.0001':+00 
O.OOOE+OO 
].682E-08 
O.OOOE+OO 
1.92]E-08 
O.OOOE+OO 
~:-J16E~08 

O.OOOE+OO 

",nMAL 
O.OOOE+OO 
O.OOOE+OO 
O.OOOE+OO 
O.OOOE+OO 
O.OOOE+OO 
O.OOOE+OO 
0.000£+00 
0.000£+00 
0.000£+00 
O.OOOE+OO 
O.OOOE+OO 

MOTHER MILK 

0.0008+00 
0.0008+00 
O.OaOE+OO 
O.OOOE+OO 
0.000£+00 
0.000£+00 
O.OOOE+OO 
O.OOOE+OO 
O.OOOE+OO 
O.OOOE+OO 
0.000£+00 

7.387E-10 
2.]90E-11 
9.177E-08 
8.467E-09 
1.645E-07 
5.])8E-08 
S.200E-08 
7.1418-08 
1.013E-08 
9. 922E- 06 
5.067E-09 



I'PL T"51a Po ...."r plant H"al"h Risk Assessm"nt • OUTPUT OF AMl/SECAPCD ACE2;Se MODEL V
 
Input Fil", FPLTPP.aci Output Fil,,: 4HP~99.aco 11/20/01 12:16:18
 

I 
••• MAXH1L"M CHRONIC EXPOSURE BY POLLUTIl.NT FROM ALL SOURCES .** 

DOSE (ms/kg-d) ••••••••••• * ••••• ** ••••• *.*** 
IpOL. PLJ\NTS JUHMAL MOT MILK NON- INH ACCEPTABL INH CONe BACKGR AEL 

DOSE SUM ORAL DOSE (ug/mJI (ug/rn]) (ug/rn3) 

INAPTH 
ETHLB 

, .7'1E-OB , .18E-07 
, .7~E-05 

0 .OiJEtOO 
, 77E-OB 
0 OOE+OO 

O. tJoEtOO 
O. 001'+00 

, .02E-I)7 
0 .OOE+OO 

O.OOE+OO 
0.001>+00 

o JloEtOO 
O.OOE+OO 

, .47E-07 
0 .OOE+OO 

, .00E-03 
0 .OOE+OO 

2.02E-04 
1.46E-03 

0 .00E+00 
0 .OOE+OO 

9.00EtOO 
2.00E+03 

',< 
U 

"ITAD 9.73E-I0 0 .OOE+OO 0 OllE+OO 0, OOEtOO 0 .OOE+OO O.OOE+OO O.OOE+OO 0 .OOE+OO 0 .OOE+OO J .-IOE-06 0 .00£+00 2.00E+Ol "ACE"rA '>.74E-06 0 .OOE+OO 0, OOE+OO 0 OOE+OO O.OOE+OO 0.00£+00 O.OOE+OO O.OOE+OO 0 .00£+00 1.31E-02 0 .OOE+OO 9.00£+00 L' 
ACRaL O.OOE+OO 0 .OOE+OO 0 .00E+OtJ 0 .OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 0.001'+00 O.OOE+OtJ 0 _OOE+OO 6.00E-02 0.0 

IBENZE 
HeHO 

3.~5E-07 

6.69E-06 
0 .00E+00 
O. OOE+OO 

0 .OOE+OO 
0 .OOE+OO 

0 .OOE+OO 
0 .OOE+OO 

O.OOE+oo 
O.OOE+OD 

o.OOE+OO 
O.OOE+OD 

O.OOE+OO 
O.OOE+OO 

O.OOE+OO 
O.OOE+OO 

O.OOE+OO 
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I 
URS 

I
 
I
 

November 29,2001 

I 
Mr. Dennis Jang


I Bay Area Air Quality Management District
 

I 
939 Ellis Street
 
San Francisco, CA 94/09
 

I Re: Updated Modeling Analysis for the Testa Power Plant Project and Permit Forms 

I Mr. lang:
 

I Enclosed are two (2) copies of the Updated Modeling Anal."sis!or the Tesl(l Power Plant Project
 

I 
and a copy of the required BAAQMD permit [CIrrus for the flfl::,:water pump engine. Also enclosed 
are (WO (2) CDs that include all of the updated modeiing.in'put <Iud output files. 

I 
The purpose of the Updated Modeling Ana~l'.\'isJiJr the Tesla Power Plant Project is La provide a 
morc refined nil- Cju<llity and public heahh impact analysis using addllionalmctcorological data 
from the Tra.cy station. 

I
 l[you have any questions, please feel free to call me at (510) 874-3156.
 

Sincerely,

I 
URS CORPORAnON 

I 
I Brent P. Eastep
 

Air Quality Engineer
 

I
 
Enclosure 

I 
I URS CQrporation 

500 12th Street. Suite 200 

I 
Oakland, CA 94607-4014
 
rei: 510.893.3600
 
Fax: 510.874.3268
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I 
I SAY' AREA AIR QUALITY	 MANAGEMENT DI5TRICT Data Fonn C 

939 Ellis StreeL". San Francisco, CA 94109, .. (415) 749-4990 ... fax (415) 749-5030 FUEL COMBUSTION SOURCE 
Website: www.baaqmd.gov 

(for District use only) 

___I	 ·1 _ 
New 0 Modified 0 Retro 0 

I Form C is for all operations which burn fuel. If the operation also involves evaporation of any organic solvent, complete Form S 
and attach to this form. If the operation involves a process which generates any other air pollutants, complete Form G and 
attach to this form. 

I
 
I
 
I
 

I
 
I
 

I
 
I 12.
 

I
 
I
 
I
 
I
 
I
 

0 ChecK box if this source has a secondary function as an abatement device for some other sDurce(s); complete lines 1, 
2, and 7-13 on Form A (using the source number below for the Abatement Device No.) and attach to this form. 

(If unknown, leave blank} 

1. Company Name: Midway Power, LLC	 Plant No: Source No. 5-11 

2. Equipment Name & Number, or Description: Fire Water Pump Engine 

3. Make, Model: To be determined	 Maximum firing rate: 0.0142 m gal/hr 

4. Date of modification or initial operation:	 (if unknown, leave blank) 

5.	 Primary use (check one): Belectrical generation Bspace heat 
abatement device cogen.erationo process heat; material heated 

6. SIC Number	 , 
If unk.nown leaveb'fank. 

7. Equipment type (check one) 

8. 
9. 

10. 

11. 

13. 

14. 

15. 

16. 

Internal [2J diesel engine 
combustion o Otto cycle engine 

o gas turbine o other 

Incinerator o salvage operation o liquid waste 

Others o boiler o afterburner 
o flare 
D open burning 
D other 

Overfire air?
 
Flue gas recirculation?
 
Air preheat?
 

Low NO burners?
x 

Dyes [8] no
 
Dyes [8] no
 
Dyes [8] no 

Dyes [8] no 

Maximum flame temperature 'F -
Combustion products: Wet gas flow rate 
Typical Oxygen Content dry volume % 

Bwaste disposal- o testing 
resource recovery [8J other 

-

Displacement cubic inches 

368 hp 

o pathological waste Temperature of 
o other Residence time Sec 

o dryero oven
 
D furnace Material dried, baked, or heated:
 
o kiln 

If yes, what percent %
 
If yes, what percent %
 
Temperature
 'F 
Make, Model 

acfm at 'F 
or wet volume '% or %1 excess air 

Typical Use 0.5 hours/day 1 days/week 52 weeks/year 

Typical % of annual total: Dec-Feb 25% Mar-May 25% Jun-Aug 25% Sep-Nov 25% 

With regard to air pollutant flow, what source(s) or abatement device(s) are immediately UPSTREAM?
 

5 5 5 5 5 S A A A
 
-

With regard to air pollutant flow, what source(s) or abatement device(s), and/or emission points are immediately
 
DOWNSTREAM?
 

5 5 A A P P 5
 

Person completIng this form: Brent Eastep	 Date: 11/14101 

P:www\formC(revised6/01) 
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" 
• . . FUELS 

INSTRUCTIONS: Complete one line in Section A for each fuel. 
the bottom of each table. N/A means "Not Applicable." 

Section 8 is OPTIONAL. Please use the units at 

- I~F"''''ION A: FUEL DATA 

•1. 

2. 
• 3. 

4. 

• 
• 5
 

ISECTION B' EMISSION FACTORS (optional)
 

Fuel Name Fuel Code·· 
Total Annual 

Usage"· 

Maximum' 
Possible 
Fuel Use 

Rate 

Typical Heat 
Content 

Sulfur 
Content 

Nitrogen 
Content 

(optional) 
Ash Content 

(optional) 

Diesel Oil 98 0.3692 0.0142 137x106 0.05 NIA NIA 

Use the appropriate Natural Gas thermO Btulhr NIA NIA NIA NIA 
units for each fuel Other Gas 

Li uid 
MSCF* 
m ai' 
ton 

MSCF/hr 
m allhr 
tonlhr 

BlulMSCF 
Btufm " 

ppm 
wt% 

NIA 
wt% 

NIA 
wt% 

Solid Btu{lon wI% wt% wt% 

• lise the appropriate units for each fuel: Natural Gas " 
Other Gas 

• •	 

" 
Liquid " 
Solid = 

Particulates NOx CO 
Fuel Name Fuel Code·· Emission -Basis Emission ·'Basis Emission "Basis 

Factor Gode Factor Code Factor Code 

1. 

~ 2. 

3. 

4.•• IMherm· 
IblMSCF' 
Ib/m gal* 
IMon 

Note: MSCF = thousand standard cubic feet 
•	 m gal = thousand gallons
 

therm = 100,000 BTU
 
" See tables below for Fuel and Basis Codes 

'" 

•
 
Total annual usage is: - Projected usage over next 12 months if equipment is new or modified.
 

- Actual usage for last 12 months if equipment is existing and unchanged.
 

**FueICodes *'" Basis Codes 

•Code Fuel Code Fuel Code Method 

2l	 Anlhracite cDal 189 Natural Gas 0 Nol applicable for this pollmam
 
J3 l1agas~e
 I SOllrce lesring or olher measurement by plant (altach copy) 234 Proces~ gas - blasl furnace 
35	 Bark m Process gas· CO 

I 
2 Source lesting or olher measuremenl by BAAQMD (give dnLe) 

43 Biluminous coal 236 Process gas - coke oven gas 3 Specifications from vendur (attach copy)
 
47 Brown wal
 4 Malerial balance by planl uslug eugineering expertise and 238 Proce~~ gas - RMG 

242 Buuker C fucl oil 2J7 Process gas - other knowledge of process,80	 Coke . Malerial balance by BAAQMD
 

I 89 Crude oil
 
242 Residual oil 
495 Refuse derived fuel 6 Takeu from AP-42 (compilation of Air Pollulant Emissiou 

98	 Diesel oil , II Landfill gas Factors, EPA) 
493 Digesler g:l..~ 256 Solid propellant 

I 
7 Taken from literature, olher than AP-42 (ilttach copy) 

311 Distill:J.te oil 466 Solid waste S Guess
 
-392 Fuel oil #2
 304 Wood - hogged 

30< Wood - other
 
Jet fuel
 
Gasoliue 

I 
198 Other - gaseous fuels
 

160 LPG
 200 Other - liquid fuels 
203 Other - solid fuels
 

167 Liquid waste
 
494 Municipal solid waste
 

165 Lignite 

Ip:wwwVormc (revised: 6/01) 
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I
 

DATA FORM P
 
Emission Point
 

I
 BAY AREA AIR QUALITY MANAGEMENT DISTRICT
 

939 Ellis Street ... San Francisco, CA .94109... (415) 749-4990 ... Fax (415) 749-5030 

I Form P is for well-defined emission points such as stacks or chimneys only; do not use for 
windows, room vents, etc.

I
 
I Business Name: _T'-e"s"'la=-P'--o=-w'--e=-r_P_ro"i.:.ec'-t________________ Plant No: 

Emission Point No: P-5 

I
 
With regard to air pollutant flow into this emission point, what sQurces(s) and/or abatement device(s)

I are immediately upstream? 

I S· 
S

11 S
A· 

S
A

S
A

S
A A

I .( cross-section area: ~O,--.1,=4,---- s",g",.-"ft. Height above grade: "9,,.S'--- -"ft. 

I Effluent Flow from Stack 

I
 
I
 

Typical Operating Condition Maximum Operating Condition 

Actual Wet Gas Flowrate TBD 

TBD 

TBD 

clm 

Vol % 

OF 

TBD 

TBD 

TBD 

clm 

Vol % 

of 

Percent Water Vapor 

Temperature 

I If this stack is equipped to measure (monitor) the emission of any air pollutants, 

I Is monitoring continuous? Dyes [gJ no 

I 
What pollutants are monitored? _ 

I 
I 
I 

~son completing this form B~re"'n"t"E,.a__s"'te'"p 

P:wwwV'ermilVormslFormP-4199 

Date 11/15/2001 
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I rOS~~I'\5e 

Technical Area: Air Quality 

I Author: Brewster Birdsall 

I BACKGROUND 

An Air Quality Mitigation Agreement between the applicant and the SJVAPCD was 
docketed at the CEC June 5, 2002, too late for previous rounds of Data Requests. The

I applicant's responses to the previous rounds of Data Requests (submitted to CEC, 
March 8 and May 17, 2002) were incomplete. In Response to Data Request #11, the 
applicant indicated that it was developing a mitigation scheme for impacts to PM10

I concentrations caused by new emissions of SOx. At this time, a SOx mitigation plan 

I 
has not yet been outlined. In Response to Data Request #207, the applicant identified 
that payment of an air quality mitigation fee to the SJVAPCD would be used for creating 
air quality benefits, but did not provide any specific mitigation program and did not 
discuss what benefits might occur. 

I DATA REQUEST 

I . /289.Please provide a specific mitigation plan for impacts to PM10 concentrations 

~,~,\ caused by SOx emissions. This is a follow-up to Data Request #11. Impacts from 
vD TPP SOx emissions are not addressed by the SJVAPCD Mitigation Agreement or I the offset package f~r compliance with BAAQMD Rule 2-2-303. 

I 
~.Please provide a specific air quality benefits analysis that could be achieved with 
:L90 the SJVAPCD Mitigation Agreement. This is a follow-up to Data Request #207. 

I 
, The Mitigation Agreement states that use of the Air Quality Mitigation Fee by the 
SJVAPCD will create real time air quality benefits. The anticipated benefits need to 
be outlined, perhaps with assistance of the SJVAPCD, in order for staff to 
determine if this proposal can be characterized as a viable mitigation measure. For 
example, a projection of the approximate number of buses to be retrofit or 

I lawnmowers to be replaced, the specific locations of these mitigation programs, the 
quantities and types of emission reductions that would be generated, and the 
schedules for these mitigation programs needs to be provided. 

I , ,l. \ \ 
,""I<- ,o,,_,?" _ I::re",l+u-

S oJ f!s!""><- _I.uI:. I'~ t. 6,,11 11 (!-, "",,,-IeI 
_ <;"-!I/ ~vl...,+kd kttos "-' ';1' ",j C< 5u",-r~ 

I gf· f,P.c. p"'r....... ~-to CE_C 
h __\t -f, 4qA ,I "J:~ <;~~~Q <f-" Wf"1"f \<llcr 

I ('1'tf\!.H.-<-< E:L'" p.ft<._;;\

-r"~ I 'I/:-"ia ~.....o'\-+I 
I July 17, 2002 Tesla Data Request #3 
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Attachment AQ-3 

Technical References Regarding Ammonia Slip and
 
Potential Secondary Particulate Fonnation in SlV
 



California Air Resources Board 6/20/2003 
Planning Technical Support Division 

Year 2000 Ammonia Emission Inventory
 
for the San Joaquin Valley Unified Air Poilu lion Control District
 

Charts Provided Below 
NH3 NH3
 

Source Categorv
 tonsl ear tons/day Percent 
Burnin -A & Timber 
Burnin - Res 
Com ostin 
Domestic 
Fertilizer A lication 
Landfill 
Beef 
Dai 
Poultry 
Other Livestock 
Molor Vehicles 
Native Animals 
POTW 
Power lant a roximated 
Soil - Natural & A 

341 0.93 0.3% 
214 0.59 0.2% 

5,409 14.82 4.0% 
1,844 5.05 1.4% 
5,570 15.26 4.1% 

917 2.51 0.7% 
14,610 40.03 10.9% 
78,997 216.43 58.7% 
16,889 46.27 12.5% 
2,208 6.05 1.6% 
1,871 5.13 1.4% 

509 1.40 0.4% 
7 0.02 0.0% 

203 0.56 0.2% 
5,001 13.70 3.7% 

134,590 368.74 100,0% 

Primary data developed from: 
Califomia Regional PM10/PM2.5Air Quality Study 
Ammonia Emission Improvement Projects in Support of CRPAQS 
Aerosol Modeling and Data Analyses: 
Draft Ammonie Inventory Development 
ENVIRON International Corporation, September 6,2002 
Contract Manager: Vernon Hughes, PTSD 
Data analysis and display by: Patrick Gaffney. PTSD 
June 4, 2003 

Powerplant emissions were not estimated in the ENVIRON report, and are approximated. 
Powerplants reporting ammonia in ARB's emissions daLabase show that ammonia emissions 
are about 4% of NOx emissions. SJV ammonia emissions for powerplanLs were approximated 
as 4% of reported electric utility and cogeneration NOx emissions (about 14\onsfday). 



C~lifomi~ Air ResourlOe~ Boar~ 612012003 
PI~nning Technical SUppDrt Dillision 

SJV 2000 Ammonia 

~
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Dairy 
59%\ 

SJV 2000 Ammonia Emissions 
Poultry 

13% 

1% 

~ Fertilizer Applic:alion 
, ,% 
"-- Landnll 

1% 

2 



EXHIBIT 173
 



Ammonia Emission Inventory Development:
 
Needs, Limitations, and What is Availahle Now
 

Patrick Gaffney, Dale Shimp 
California Air Resources Bo;ud 

Planning and Technical Support Division 
2020 L Street, Sacrnmento, CA 95814 

October 22, 1999 

ABSTRACT 

Many regions in the country need to develop ammonia emission inventories to clearly evaluate PM 2.5 

levels and visibility degradation. For most agencies, we are beginning this process with little or no 
previous experience collecting ammonia emission data. This paper discusses what type of llmmoniJ 
inventory may be appropriate based on the nature of the PM2,5 problem within an area. Also described 
are some of thc issues, challenges, and solutions for developing ammonia inventories, as well as a brief 
case study for callle ammonia estimates and a summary of some ongoing ammonia related research. 

INTRODUCTION 

Ammonia gas can react in the atmosphere to produee partieulate matter, such as ammonium nitrate or 
ammonium sulfate. Because inhaled particulate matter is known to produce negative health effeets, it is 
important to estimate [he emissions ofpartieulate maller (PM) and its precursors in those regions with 
elevated PM levels. Most regions with air quality concerns have alreJdy estimated emissions for mller 
PM precursor gases such as oxides of nitrogen, oxides of sulfur. and voh,Hile organie compounds, but 
they do nm have estimates of ammonia emissions. 

ln preparing an ammonia inventory, it is helpful to evaluate what typ~ of lllvenlory is appropriate to deal 
with an area's PMu problem. For example, regions that are in attainment for particulate matter toay 
meet their needs by developing a general, top-down, inventory using generic emissions and activity data. 
For other regions, a comprehensive, bottom-up, highly speciftc, spatially and temporally resolved 
ammonia inventory may be appropriate for meeting an area's needs to reduce airborne particulates. In 
this paper, we provide SDme ideas for evaluating which type ofinvenrory an area may need for 
developing initial regional ammonia estimates. We will also discuss some oflhe difficulties we arc 
encountering, and the approaches we are using for prioritizing our efforts and developing ammonia 
inventory data. ' 

The following topics nre discussed in the remainder of this paper. 

• Evaluating ammonia inventory needs 
• Ammonia inventory preparation planning 
• Dcveloping emission estimates 
• Current ammonia research 

The infom1ation provided here is intended to help with the development of initial inventories for 
regional ammonia emissions. These inventories wilJ allow identification ofwhere additional resources 
and further refmcment will be most beneficial. The initial data can also be used as preliminary inpuls to 
atmospheric models to better evaluate the influence ofammDnia on particulate levels in regions with air 
quality concerns. 



I. EVALUATING AMMONIA INVENTORY NEEDS 

In many regions, ammonia emission inventories will be needed to understand the sources of, and the 
means to reduce, particulate matter levels. This section provides some concepts for evaluating what 
level ofamrnonia emission inventory detail may be most reasonable based on the nature of an area's 
PM2.5 problem. The approach is focused on PM inventory development, but it could also be used with 
some modificmion for visibility inventory development. 

Ammonia is primarily an air quality concern due to its contribution to the [onnatioo of particulate matter 
(PM), Therefore, the PM attainment smtus of a region will help guide the level of retineloent that is 
suitable for a regional ammonia inventory. For example, if PM levels are low, and there are nut 
problems with PM exeeedanees or downwind effects. then initially, a general annual average lnventory 
will probably meet regional needs. In addition, ifPM IO or PM z.5 levels are not known, then ag:Jin it may 
be reasonable to rclr on generalized composite ammonia data, such as thc national EPA ammonia 
inventory estimates , until further ambient air quality data arc available. 

Evaluation or Direct and Secondary PM 
In regions where direct or seeondary PM particulate levels tend to approach or exceed the particulate air 
quality standards, more refined ammonia inventory estimates may be needed. The estimates will help to 
identify the major ammonia sourees, evaluate their influences, and identify how to reduee partieuJ:lIe 
levels. In these cases, it is useful to evaluate the types of partieulates ubserved in the ambient air during 
times of high PM. For example, are the particulates dominated by primary emission sourees sueh as 
geologic dust or wood smoke? In this ease, a highly detailed ammoni<l inventory would probably not 
give informa[ion that would help in meeting air quality goals. Or, are high PM levels dominated by 
seeondary particulates such as nitrates or sulfates? In this case a detailed ;lmmonia invenlory could be 
instrumental in understanding the causes of high PM levels in the region. 

In those areas with high levels of secondary PM, knowledge about the relative ambient levels of 
precursor gases such as NOxor SOx, to ammonia levels can also be helpful in evaluating inventory 
needs. The details are beyond the level of this paper. bUI as an example, in the situation when NOx is the 
limiting substanee in nitrate formation, reducing ammonia levels might have little or no effect (in a 
simplified homogeneous atmosphere) in reducing PM levels. Therefore, it may nOl be warranted, at 
least initially, to develop a fully gridded, temporally resolved modeling iuventory for ammonia because 
it may not be needed [Q meet air quality objectives. In contrast, when it appears a region may be 
ammonia limited, a more detailed ammonia invcntory will probably be needed to effeetively evaluate 
control strategy development. 

By developing a eoneeptual model of potential emission sources and the contributors to PM or Visibility 
problems, it is possible to formulate ammonia inventory requirements based on the regioual air quality 
improvement needs. It is then possible to tailor the inventory elements. listed below, so that they best 
meet air quality planning and modeling needs. 

• Number of sources inventoried 
• Completeness of [he activity data collected 
• Specificity of the emissions rale data used 
• Level of spatial and temporal refinement 

2
 



II. AMMONIA INVENTORY PREPARATION PLANNING 

In preparing an ammonia inventory, it is worlhwhile to prioritize which of the many potential ammonia 
sources should receive attention. Table 1 provides a list of ammonia sources that can be used to 
evaluate which sources are present within a region. These sources may then be ranked in tenns of 
priority for estimating emissions, To assist with this, the table provides a simple, semi-quantitative 
method for prioritizing an~ documenting the initial source significance. 

The ranking approach ineludes several subjective faetors including the relative imponam:e of the souree 
based on policy, health, and other eoncems; the expeeted ma£nitude of emissions from the Source; the 
quality of the existing emission faclors and activity data; and (he availability of spatial and temporal 
allocation data for the source. The ranking takes into account what is known, but also what is unknown, 
and is designed to give the highest scores to the sources with the greatest uncertainty and the highest 
potential emissions. 

For illustration, the table is populated with values used to evaluate California statewide ammonia 
inventory priorities. Values are summed across the rows to get scores. However. to reduce some of the 
influence of Ihe spatial and temporal data, which are of secondary importance for the first draft 
inventory, they were divided by two prior to summing. Note that the sources with high scores are a 
combination of those that <Ire likely to have high emissions, such as livestock, and those with high 
uncenainties, such as <lmmoni<l from soils or biomass burning, 

In comple!ing the prioritization table, it may be unclear what to input to the source magnitude column. 
To assist with this, Table 2 provides a comparison of the emissions levels from typical ammoni<l 
producing activities. These arc rough estimates based on generic emission factors and activity data. The 
example activity dam were selectcd to shuw the emissions for representative facility sizes and emission 
sources, and are meantto provide order-or-magnitude comparisons only. If the type and number of 
ammonia sources are known within a region, these data may bc of help in giving some indication of 
emis~ions levels. 

In addition. Figure I also shows some pie charts from previous inventories, which may be helpful in 
evaluating the rclative emission magnitudcs of various ammonia sources. Note the tremendous 
varimions in source contributions for these inventories. The national inventory shows that 80% of the 
ammonia emissions are from livestock. The San Joaquin Valley inventory shows that 42% of ammonia 
is from soil, but the national inventory purposely excludes soil emissions because of their high level of 
unccrtainty and the capability of soils to emit and uptakc ammonia. Unlikc the Sun Joaquin Valley and 
national invenrories, the Southern California estimates include significant emissions from domestic and 
point sourccs. 

An important point here is that there is tremendous range of possibilities in prcparing and presenting 
ammonia emission estimates. Somc of the variations shown in the pie chans are due to ditTerences in 
ammonia emissions, but many of thc variations are due to differences in methodologies and which 
sources were inventoried. 

For this planning proccss, the objective is to create a general strategy to begin developmcnt of an initial 
invcntory. Then, as inventory development proceeds and more infonnation is gathered, the inventory 
and priOrities can be modified as needed to meet air quality goals. Therefore, detailed ammonia 
literature reviews, needs assessments, or planning studies are probably not necessary. 
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Table 1. Ammonia Sources and Priority Scoring for Inventory Development Needs. 

, ,b , d" 
Primary Score Categories Secondary Scores 

Source NH,EF Spallal MonthlySource Activity TotalsSourcli! Type Source Name Temporal 

Livestock 

Importance Magnitude Quality Data Data 

4 3 2 4 17.05 2Boo' 
4 J 4 17.0Dairy 5 2 2 

3 16.5Poullry 4 3 3 3 4 
14.5Swine 3 2 J 3 3 4 
14,02 3 4 4Horses 2 3 

4 2 4 16.0Fertilizer Agricultural 4 3 2 
4 3 4 155Commercial 3 2 3 

2 4 4 4 160Residential 3 2 
4 4 4 200Soil Disturbecl soil 4 3 5 

4Natural soil 4 4 4 5 2003,2 4 125Stationary Wasle water treatment 3 2, 3 
3 2 2 J 11.5Ammonia injection 3 ,2 2 95Geothermal 1 3 2 

J 14.5MV Catal sts J 3 3 3 2Motor Vehicles 
13,03 4Refrigeration 2 2 3 2Other Industrial 

1 3 2 2 10.0Fertillzer production 2 ,2 
2 10.0Ammonia production 2 1 3 2 

11.01 3 3 JOthers 1 3 
4 3 4 16.5Other Area Compost & Landfills 2 2 5 

Sources 4 3 4 16.5Biomass buming 2 2, 5 
Humen & domeslic 4 4 J 17.52 5 

4 4 3 15.5Pels 2 1 5 , 5 5 5 15.5Wildlill! 1 5 

,. ,.1 • SCOrlllg eriterl, 5" 5' 1 " 
highest highest highest highest 

imoortant 
most moo' 

imoortant oualitv Qualitv oualitv Qualitv 
xY:. 

DSficrtptlon of 
Scoring Categories 

a - Source Import<lnce 

b - Source MagnitUde 

c - EF Quality 

d - Activity Data Quality 

e - Spalial Dala" 
1- Monthly Temporal· 
g - Totals 
"Noleone&1 
L 

Based on magnitude, perception, public awareness, exisling resources, industry 
interest, potenlial for contr~, potential toxicity 
Estimated based on previous ammonia inventories, number 01 sources, Chemical 
Mass Balance (CMB) data 
Score basecl on estimated uncertainty and variability of existing emission facloP.i 
(EFs) and compleXity of source category 
Estimation of quality and availability of overall annual activity date; includes dalail 
available and expected newness of available data 
Availability of spatial data; general quality and resolution expected 10 be available 
Availabilily of dala which could be usecl to estimate monthly variations in emissions 
This is the total prioritization score. Score = (a+b+c+d) + (e+f)/2 
"The spalial and temporal column scores are multiplied by Y, prior to summing 
-'b~'"'.""","'_"th~ey are of less significance in preparing an initiai inventory 
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Table 2. Comparison of Example Ammonia Emission Sources, 

Source 
.NH3 

Emission Factor 
Activity Data 

Examples 
Emissions 

(tons/yr) 
Comments 

Dairy 70lbs/head/yr 585 head 20 
EF from population weighted dairy cattle avg. 
Ballye1 Table 2-9. Average herd size of 585 
from CDFA', 1997. 

Feedlot 47Ibs/head/yr 
2000 head operation 
15,000 head 

47 
352 

EF fmm popUlation weighted beef callie 
average/Ballye Table 2-9. Most CA callie in 
1000+ size operations. 

Grazing 18.1 Ibsfhead/yr 2000 head 18 EF from Asman (via Battye, Table 2-1). 
Herd size arbilrary. 

Poultry 0.393Ibsfhead/yr 200,000 head 39 
EF fmm population weighted composile from 
Ballye Table 2-9. Flock size arbilrary. 

Water Treatment 16 Ibs/106 gallons 
20 million gallons/day 
75 mgpd facility 

58 
219 

EF fmm Battye Table 6-2 based on CA 
POTW data. 20 mgpd moderale size 
Irealment works. 75 mgpd large urban. 

Fertilizer 
167lbs/lon urea 
19.7Ibs/lon NHJ 

10 square miles 
(=6400 acrns) 15 

EF Battye, Table 3-5, WI. % Table 3-1. 
Arbitrary essumption to apply 50 Ibs urea & 
50 Ibs anhydrous ammonia/acre 10 get 
average mix (not realistic operational 
scenario). 100 Ibs fertilizer/acre is realistic 
application rate. 

Soil 1 lb/acrefyr 10 square miles 3 
EF Irom Schlesinger via Battye Table 6-3. 
Temperate grassland, range is 0.1 to 10. 
Arbitrarily selected 1 for analysis. 

Autos 2161bs/106 VMT 100 million VMT 11 EF Fraser and Casso. EF for fleet average 
adjusted for calalyst mix & high NHI emitters. 

National Inventory San Joaquin Valley Southern California 
(Ballye', 1994) (STI", 1998) (Radian",1991) 

Motor 

OtherPOTW Vehide 
4% 4% DJrrestic 3% Cattle 

~. ~"to~ 12°~K 

42% '_ _ !.~./. b-~ pou~try
'-iII .... ,. 23'0 

Fertiizer Soil Fertilizer 
6% 17% 4% 

Figure 1. Ammonia Emission Inventory Examples. 
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Ill. DEVELOPING AMMONIA EMISSION ESTIMATES 

Most of the potentially significant sources of ammonia are dispersed, area-wide sources such as 
livestock, fertilizer application, and molor vehicles. Because it is dillicult to garher consistent aml 
locally applicable emissions and activity data for these types of sources, emission estimates will have 
substantial uncertainty. To add further uncerwim)', the inveotory data must be input into atl nospheric 
models, much like for ozone, to evaluate how much of the ammonia reacts to produce secondary 
particulates. Therefore, even with a perfect inventory, (he results will still be subjected [Q the significant 
uncertainties of atmospheric modeling to evaluate the contribution of ammonia to PM levels or visibility 
degradation. 

With these inherent uncertJ.inties, it is sensible w identify and estimate emissions from the large, major 
sources first, evaluate their influence on PM or visibility, then refme emission estimates for the smaller 
contributors as needed. The remainder of this section discusses some of the problems we have 
encountered in prepaling ammonia estimates and how we are dealing with them, 

Emission Factors 
Numerous studies have been funded to compile and tabulate emission factor d~ta for the various 
ammonia sources2

,5.6. These compilations arc helpful in providing a range of possible emission values 
for developing an inventory, but substantial judgement is necessary in selecting the specific values 
needed for emission estimates, 

To develop a detailed, region specific inventory, it is important to know if the ammonia emission rates 
were developed using mass balance approaches, emissions testing, some type of engineering analysis, or 
another teehnique. It is also helpful to evaluate what <Jssumptions went into the emission factors. For 
example, if testing was performed for dairy eat tie, does it include just the direct animal waste emissions? 
Does it also include emissions from manure piles, storage ponds, and other site emission sources? Are 
the animals gmzing for feed? What is the nitrogen content of their diet? How are they houscd? How 
many arc present at a single facility? What is the waste removallechniquc? "Understandably, most 
sununary repons do not provide the level of detail need w answer [hesc questions, and most of us do not 
have the resourees to eval!Jate the primary literature. 

A cursory look at any of the published emission factors for ammonia sourees shows a wide range of 
cmission pOSSibilities. For example, emissions from soils2 range from 0.1 to 10 lbs of ammonia per 
acre. Dairy cattle emission faetors r~nge from 20 to 130 lbs per animal per year7

.
6

. Because of this large 
variability and lack of region specific data, it is useful to select the most sensible emission faewr dala 
available, and then develop methods thai can be easily updated with new or more appropriate data as 
they become available. 

With this perspective, the emission faetors already provided in the existing published literature are 
probably adequnte for initial ammonia inventory development. A helpful reference for emission factors 
is the report, "Development and Selection of Ammonia Emission Factors" 2 which was funded by [he 
"U.S. EPA. Tbis document is aV3ilabie on the EPA web site at: 
http://www.epa.gov/ttnlchief/efdocs/arnrnonia.pdf.This report provides more detail than many of the other 
published documents and provides descriptions of the SOurces and issues involved. A partial sUlllmary 
of emission factors for the major souree categories is also posted on the ARB website as part of a 
previous ammonia inventory presentation8. The address is hnp://arb.ca.gov/emisinv/pmnh3/pmnh3.htrn. 
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Activity Data 
The emission factors for ammonia sources dictate .....hat type of activity data are needed or appropriate. 
For example, beef caltle have emission factors for adults, calves, and other subcategories, so it makes 
sense to seek population data for these animal types. Similarly, fertilizer emission factors are provided 
for anhydrous ammonia, urea, and others, so again, the emission factors help to establish what fertilizer 
sales and applieation data are needed to prepare an inventory. 

As v.'ith (he emission rates, there is substantial uncertainty for the ammonia activity data, and in some 
cases, it is difficult to even obtain these data. For example, how many chickens are there in Arkansas? 
How much fertilizer is applied in North Dakota? What kind? When? How m;my ears are emitting 
ammonia in California? The prineiple is the same here as with the emission f:letors - it is worthwhile to 
make an initial estimate with whatever is available and refine as needed. 

Review of Estimates 
When an inventory method and estimates have been eompleted, an essential step follows. II is very 
beneficial to have the emission factor, aetivity data, and methodology reviewed by experts from lhe 
affected industries, aeademic researchers, and other air quality seientists. It is usefnl to expbin .....hat 
assumptions were made and why, what the method's shortcomings are, and how the d:lt:l will be used 
(e.g., trying to determine ,,"vhich sources might possibly be signifieant). Working with industry and 
others also provides an opportunity to determine if there are better avail:lble sourees of activity data, 
seasonal data, and sp:ltial data. 

Summary of Issues for Major Source Categories 
The following list provides a summary of issues and diffieulties in estimating emission for the most 
obvious ammonia sources. The infonnation is summarized from reports listed in the referenees, and it is 
provided to help identify some of the problems to keep in mind while collecting the data'needed to 
prepare a souree inventorY. 

• Livestock 
- diffieull activity Jala collection due to various animal types and residency time issues 
- emission factors have wide variations and are not standardized; specific sources, handling 

practiees, and housing practices difficult to estimate 
- emission faetors do not take into account differences in temperature, humidity, soil, and other 

factors that can affect ammonia formation and volatilization 

• Fertilizers 
- wide range of emission factors; effects of climate and soil diffieult to incorpor:lte 
- most emission factor data are based on theoretical ealeulations and laboratory study 
- need application methods, application calendars, and spatial allocation data 

• Soils 
- soils emit and uptake ammonia so it is difficult to evaluate the net contribution; emissions 

potentially significant in some regions ifuptake is nOl substantial 
- may need to model the emissions related to vegetation coverage, climate, and soil type as is 

done with biogenies 
- limited emission factor and test data are available, wide range of values 

• Industrial sources 
generally minor emissions, ammonia used as part ofproeess or product, so efforts are made 
10 limillosses for eeonomic reasons 
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• Sewage trealmenl 
- there is eoneem about ammonia losses prior to effluent reaching the treatment plant 
- individual faeility emissions ean sometimes be significant, but often overwhelmed by other 

regional sources 
- limited emission factor data available, but activity data easy to obtain for facilities 

• Domestic/urban sources 
- domestic sources such as cleaning produets, pets, diapers may need to be evaluated 
- sources appear to be minor emission contributors, but may need to inventory for equity and 

to understand higher than expected ammonia levels in some urban regions 

• Molor vehicles 
- emissions eould be significant for urban areas 
- substantial variability in vehicle ammonia emissions wilhin fleet 
- first order estimates may be possible with existing motor vehicle invencory data and literature 

emission factors 

IV. CASE STUDY: PREPARING A BEEF AND DAIRY CATTLE INVENTORY 

The following discussion about preparing a callIe emission inventory illustrates some of the issues 
involved in estimating emissions from' many of the non-point ammonia sourees. As with many sources, 
the basic approach for estimating ammonia from callie is simple enough: develop an emission faetor by 
measuring ammonia emissions from a typical population of animals: eount the number of animals that 
are present over the eourse of a year; then, multiply the emission factor by the number of animals to get 
the annual cattle ammonia emissions. 

Unfortunately, the situation is far from being this simple. [n estimating emissions from beef and dairy 
cattle there are a myriad of issues to eonsider. What kinds of animals are present? What is a typieal 
population? How long are they present? Is there infonnation available to estimate emissions for the 
various animal types? Is there data to evaluate how animal populations vary over the eourse ofa year? 
How do practices change by season? Is manure stockpiled and disposed at distinct times of year? And, 
how do emissions change as a result of variations in climate, soil, and other factors? 

For areas with PM exeeedances driven by secondary particulates, all of these questions are relevant for 
understanding and modeling the seasonal and local variability of the emissions. This is important 
because in most regions, the effects of cattle ammonia emissions are not an annual problem, but a'season 
specific, somewhat localized concern. Fortunately, although the estimates will be far from perfeet, with 
existing data it will be possible to detennine where the sources are, estimate their emissions, and 
evaluate what time of year they are likely to be most significant. 

Acthrity Data - Population 
As stated previously, one of the ways to evaluate what activity data are needed for an emission source is 
to look at what emission factors are available. For cattle there are factors for beef cattle, dairy callie, 
young eau[e, grazing cattle, ealves, cows thm have calved, heifers, animals 500 pounds and over, and of 
course, bulls2

. From all of these choices, it is neeessary to detcnnine whieh population data are actually 
available on a regional basis. In California, beef and dairy cattle population data are available from the 
California Department of Food and Agriculture), and the Califomia Agrieultural Statistics Service9

. For 
beef and dairy cattle, data were available to estimate populations for the population classes shown in 
Table 3. These elasses were selected because there is infonnation available to estimate the populations, 
as well as a relatively consistent set of emission faetor data that can be used with the population data to 
perfonn emission estimates. 
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For livestock, it is important that the population estimates not be based strictly on sales or unexamined 
population figures, which C<ln C<luse substantial miscounting. For example, feedlot animals typically are 
only kept about six months, so a feedlot might sell 100,OOO head in a year, but that docsn't mean that 
lOO,OOO head of cattle were producing emissions over 12 full months. Instead, assuming a sixwmonth 
residence time, 50,000 animals may be present from January through June, then they are sent 10 market, 
and another 50,000 arrive from July through December. Thcrefore, ovcr the course ofthc year, Ihere are 
emissions from only 50,000 animals that are actu<ll residents for 12 months, not 100,000, which is the 
number marketed. There is a similar situation with inshipment eaule that arc brought into California for 
only about sevcn months for grazing, so a straight count of the animals would not provide a correct 
estimate of lhe numbcr of animals emitting per year. 

Once it is detennined what types of animals are present, it can be detennincd where they are localed and 
when they arc prescnt. For the initial ARB methodology, information was available from the state 
agricultural agencies to apportion the cattle by county. As the method is refined by working with 
industry groups, efforts will be made to better spatially and temporally apportion cmissions for those 
regions significantly affeeted by ammonia emissions. 

Emission Factors 
The emission factors for cattle have a wide range of values ranging from 11 lbs NH3/heaJiyear for range 
calves2 to over 130 Ibs ofNH3 head/year for dairy cattle6

. As mentioned previously, selecting data from 
the existing literature is difficult beeause the researchers use different methods, applied to different types 
of operations, under different conditions. To add further difficulty, mueh of the ammonia rese<.lrch has 
been performed in Europe which raises ques[ions about the applicability of [hese data to pr<.lctices used 
in the United Stales. 

In preparing first draft Table 3. Beef and Dairy Cattle Classes & Emission Factors. 
estimates we selected a sct of 
emission factors that provided 
a level of consistency among 
thc animal types, and appcared 
to take into account some of 
the differences in animal 
handling practices such <.lS 
range feeding, stable housing, 

Emission 
Beef Cattle Faclor 

(!bs/headlyr) 
Range adults 18.12 
[nshipments 18.12 
Calves 11.52 
Feedlot animals 33.49 

Emission 
Dairy Cattle Factor 

(Ibslheadlyr) 
Dairy cow 37.58
 
Milk calves 11.53
 
Milk heifers 28.75
 

. Dairy bulls 61.53 

manure spreading. and waste storage emissions. Our current emission factor selections, shov.'n in 
Table 3, are on the Jow range of published factors and are providcd in Battye2. Because of the 
variability in lhe emission factors, one approach we are considering is including a flmgc of emissions 
es[imates, possibly b<lsed on average emissions rates. 

Wilh the emission estimates completed and a well-documented methodology, our next step is to provide 
the information to the agrieultural industry and others interested in ammonia estimates for review. We 
will then hold a meeting with the reviewers to discuss the methods, shortcomings, and ways to improve 
the estimates. For more detailed infonnation on our approach, the complete draft methodology for this 
beef and dairy cattle ammonia estimates will soon be posted at http://arb.ca.gov/emisinv/pmnhJ/pmllhJ.htJn. 

9
 



v. ONGOING AND PLANNED RESEARCH 

It is imponanllo be aware that there are numerous studies that have evaluated what ammonia emission 
data and methods are available, and what future research is needcd2

,5,6,1O,IJ,12, Therefore, it is necessary 
to carefully target research efforts when funding further efforts in this area. At this time it is important 
to perfonn source specific research that will tangibly improve our emission inventories and provide 11 

better understanding of ammonia emissions and variability. The following research studies are 
sponsored by the ARB and others to meet some of these goals. 

To help better understand emissions from fertilizer application, the ARB is sponsoring a project with 
California State University, Fresno, and the NASA Ames research center. The project will measure 
ammonia emission rates from fertilizer application and then develop regional fertilizer emissions 
modeling based on the field test data. The project will test emissions for a variety of fertilizer types and 
application methods relevam to the major crop types in California's San Joaquin Valley. The modeling 
will inelude inputs for soil type, elimatie conditions, application ealendars, and other relevant faetors. 
The projeet will also attempt to evaluate baekground agricultural soil ammonia levels by beginning 
ammonia sampling prior lo the fertilizer application. 

The ARB also has a project with the National Oceanographic and Atmospheric Administration to 
develop and evaluate a Lidar laser system to measure real-time, three-dimensional ammonia 
concentrations. For the longer term, the ARB is also evaluating the need to develop a G1S based model, 
whieh could estimate and display ammonia emissions in a way similar to biogenic emissions. 

The California Regional Partieulate Air Quality Study (CRPAQS) is planning to fund srudies which wit I 
improve our emission estimates from eommercial and residential fertilizer applieation, as well as 
eollecting data which can be used to more elearly estimate ammonia emissions from urban sources sueh 
as household products, pel waste, diapers, and other unsavory sources. This work will help us beller 
understand some of the sources that do not always receive much allention, but may possibly playa 
consequential role in nilrate or sulfate formation because their proXimity to NOx sources. 

Within the ARB, our Mobile Source Control Division is performing some ILmited testing of ammonia 
from motor vehicles to begin a more complete evaluation of these emissions. These emissions, which 
are not included in our emission estimates, may be important eontributors to PM formation. In a 
simplified estimate performed by Mathew and Cass4 

, they showed that motor vehiele ammonia 
emissions may be as high as the dairy emissions in Southern California, which are in the range of 
25 tons per day. These results are not comprehensive, but they do indieate thaI additional \vork is 
needed in this area. 

The South Coast Air Quality ManJ.gement District has also recently received the results of a contraet 
they sponsored to develop a comprehensive, gridded ammonia emission inventory for Southern 
California. This report is one of the most recent, and probably among the most eomprehensive regional 
ammonia inventories developed. These proceedings also include papers diseussing swine ammonia 
emissions. Some oflhe work, protocols, and methods in these papers will be helpful for estimating 
ammonia from other ammonia sources, especially livestock. 

There is additional ammonia work being sponsored by several ageneies. At this time, it appears that 
what is needed most is speeific emission rate information, better estimates of environmental variability, 
and resourees to compile appropriate levels of aetivity data. 
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VI. CONCLUSIONS 

In some regions of the United Stmes, it is important to develop detailed, well-defined ammonia emission 
inventories appropriate for modeling. Other areas will be able 10 meet their needs for understanding the 
contributions of ammonia to air quality and visibility degrau<llion with more general emission estimates. 
Because of all of the work we constantly have before us in improving air quality, it is important to 
clarify and prioritize which sources need the most attention, and what work will provide the greatest 
benefit 

Preparing ammonia inventories is a challenge because of the tremendous range in emission facmrs, the 
difficulty in cOllecting activity data, the climatic and other variations in the emission rates, and the often 
diffuse and poorly understood emission sources sueh as .livestock and soils. These data must then be 
input to atmospheric models. wilh their own uncertainties and approximations, to fully understand [he 
effcct of the ammonia on air quality. 

Fortunately, there is adequate infonnation available to prepare initial inventories thai can then be 
extended to the level of detail warranted by regional air quality and visibility improvement needs. There 
is also adequate time to prepare ammonia inventories that will meet regulatory requiremems. In 
California, we plan to have a draft statewide ammonia emission invcntory available in 2001. The 
inventory will include all of the major ammonia sources and wil1 include some spatial and temporal 
allocation of the emissions. Addi[ional inventory efforts will be focused on those areas with known 
secondary PM problems to better refine the infonnation necded for modeling. With these d.:uJ., we cJ.n 
begin 10 more c1e::lfly undersmnd the effects of ammonia on air quality, and provide information thal will 
be helpful in continuing to improve the air quality within California. 

DISCLAIMER 
The opinions, findings, and conclusions expressed in this paper are those of the staff and not necessarily 
those oflhe California Air Resources Board. In addition, the opinions provided regarding the needs and 
priorities for developing ammonia inventories are strictly those of the authors and have no regulatory 
authority. 
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ABSTRACT 

The fomlation of seeondary ammomum nitrate during the 1995 lmegnned 

Monitoring Study (IMS95) in San Joaquin Valley, CA was investigated using a box 

model thai simulates the atmospheric chemistry and gas/particle partition of inorganic 

compounds. The concentration of particulate matter (PM) nitrate was found to be 

sensitive to reductions in VOC emissions. Nitric acid, rather than ammonia, was the 

limiting reagent in the fomlation of PM nitrate. The fomlation of nitric acid was more 

sensitive 10 the availability of oxidants than thal of NOx • Oxidant chemistry in 

wintertime conditions in the San Joaquin Valley was shown to be VOC-sensitive. In facl, 

a decrease in NOx emissions may have the eounter-intuitive effect of increasing PM 

nitrate. 

Sen.lilil'ily ofPM Nilf(l/c' Forllla/ion 10 Precursor Emissiolls in Iile Cali/orllia Sail Joaquin Valley 



INTRODUCTION
 

The 1995 Integrated Monitoring Study (lMS95) was a planning study for the 

California Regional PM lOIPM25 Air Quality Study (CRPAQS). Details of the IMS95, 

including maps of the study domain, can be found in a special issue of Atmospheric 

Environment (Volume 33, Issue 29, 1999). Ambient data from the IMS95 show that 

areas in the California San Joaquin Valley (SlV) exceed the short-tenn PM2.5 National 

Ambient Air Quality Standard (24-hour average concentration of 65 ~lglm3)1. Much of 

the PM2,5 observed during winter is secondary in origin. Of the key components of 

PM2.5, ammonium nitrate (NH4N03) typically accounts for close to 20 Ilg/m3 of PM 

material, corresponding to 30% of urban PM1.5 and 60% of PM 25 in rural areas2
. In 

contrast, ammonium sulfate, the kcy component in PM2,5 obscrvcd in may parts of the 

eastem United States, only accounted for less than 5% oflhc PM2.5 mass during nv1S952. 

Therefore, it is important lo investigate the PM-precursor relationships of NH.. NOJ for 

the formulation ofeffeetive PM2.5 control strategies, especially in rural areas. 

In their conceptual model of PM formation, Pun and Seigneur l postulated that the 

fonnation of NH4 NOJ is limited by the availability of nitric acid (HNO j ), because 

ammonia (NHJ) emissions seem abundant in the SlY. This conclusion is supported by 

other reccnt analysesJ. HNOJ is itself a secondary component, fonncd in the atmosphere 

as a product of photochemical reactions involving nitrogen dioxidc (N01), hydroxyl 

radicals (OH), and ozone (03) (the OJ reaction involves intermediate species nitrate 

radicals, N03, and dinitrogen pcntoxide, N20s). While nitrogen oxides (NO,,) arc directly 

emitted, the radical species and 0 3 are produced from precursors NO" and volatile 

organic compounds (YOe). Thercfore, oxidant fomlation may be sensitive lo NO" or to 
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VOc. Clearly, the chemistry regime has important implications towards the choice of 

effective emission controls. 

This modeling study was performed to investigate the sensitivity of PM nitrate 

formation under conditions prevalent in the SlV during the winter season. This work'was 

designed to complement field measurements that may help unravel the details of nitrate 

chemistry in the ambient environment. Our objectives were to: (I) study the sensitivities 

of oxidants and PM to precursors, and (2) corroborate the modeling results with indicator 

species approaches~·5,6 for predicting the sensitivity of wintertime PM fomwtion. 

SIMULATION METHODS 

Box Model. A box model was selected t~ study the sensitivity of PM nitrate to 

NOx and oxidants. Although a three-dimensional (3-0) model should ultimately be used 

for this investigation, existing databases were insufficient for the reliable application ofa 

3-D model (e.g., a loft concentrations needed to define boundary a nd Initial conditions 

were not available). A box model, with carefully chosen initial conditions and emissions, 

can provide valuable information on the major processes that govern the dynamics of 

nitrate fonnation during the winter PM episodes. 

Winter PM accumulation is primarily associated with stagnant conditions with 

low wind speeds (less that 2 m S·l). Therefore, advection did not need to be treated. The 

box: model treats the following processes using an operator splitting approach: (1) 

emissions of precursor gases and PM; (2) gas-phase chemistry using the Carbon Bond 

Mechanism IV7 (CMB-IV), augmented with isoprene chemistry and heterogeneous 

nitrate chemistrl,9; (3) dilution by and entrainment of aloft air as the mixing height rises; 

(4) dry deposition of gases and PM and wet deposition of PM associated fog; (5) 

gas/particle partitioning using SCAPE2 1O
, a thermodynamic equilibrium aerosol module. 
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The key feature of CBM-IV is the lumping of organic compounds based on their 

molecular structures (model species represent paraITm earbons, olefin bonds, etc). 

Inorganic reactions represented in C8M-IV are similar to those used in the other g as

phase mechanisms, such as SAPRC and RADM. Due to the abundance of biogenic 

emissions in the SJV 1 the most recent treatment for isoprene chemistry was implemented 

to ensure the proper representation of gas-phase chemistry. Isoprene reacts with oxygen 

atoms (0), OH, 0), NO), and N02. A surrogate isoprene reaction product, ISPD, may 

undergo photolysis or react with OH, 0 3, and N03. Therefore, the version of C8M-IV 

used in this study simulates [he chemistry of 34 species (25 molecular species and 9 

radicals) with 88 reactions. Photolysis rates were calculated based on cloud-free 

conditions, although fog sometimes persisted after sunrise. Heterogeneous chemistry of 

N20 s, NO), and H0 2 was treated using the reaction probability approach recommended 

by Jacobs. These 'reactions were simulated when fog was present using an average 

droplet diameter of20 J.1m". Aqueous-phase sulfate chemistry was not included. Sulfate 

is not a key component of PM2.5 in SJV and is not the focus of this sludy. The omission 

of aqueous-phase sulfur chemistry is not expeeted to have significant impacts on the 

simulation, since S02/sulfate chemistry has little effect on nitrate formation in an 

ammonia-rieh and sulfate-poor environment. 

The gas-phase chemical kinetic equations are solved using the Young and Boris I ~ 

ordinary differential equation solver. Pseudo-sleady-state assumptions are made for all 

radical species (with the exeeption ofN03, whose reaction time scale dictates whether or 

not steady state is assumed at any time). This approach provides a good balance betwecn 

numerieal robustness and computational efficiency. 
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SCAPE2 simulates the composition 0 f atmospheric particles at equilibrium given 

the total (i.e., gas and particulate) amounts of sulfate, nitrate, ammonium, sodium, and 

chloride. Ate ach t [me step, t he concentrations of N H), sodium, chloride, and sulfate 

change as a result of direct emissions. ill addition, sulfuric acid and nitric acid are 

fonned from chemical reactions in the gas phase. SCAPE2 calculates the thermodynamic 

equilibrium of the gas/particulate system based on time-varying inputs of temperature 

and relative humidity (RH). At cach limc step. SCAPE2 outputs thc gaseous 

concentrations ofNH), HNOJ, and HCl, and partieulate concentrations of sodium, sulfate, 

ammonium, nitrate, and chloride. 

Typical dry deposition velocities were derived for SOl, N01, OJ, HNOJ, H20 2, 

formaldehyde, higher aldchydes, and sulfate from the SARMAP air quality model 

(SAQM) and from Modcls-J for NH). The dry deposition Velocity of sulfatc was used 

for all particulate species in the simulation. Wet deposition was modeled when fog was 

present using an average particle deposition rate of about 3% per hour l3 
. 

Base case simulation inputs. Conditions during the 4-6 January 1996 episode 

l4were generally cool, calm, and s tagnant . Surface t cmperatures fluctuated between 7 

and 16°C. Surface wind velocities were below 0.5 m sol 40% to 50% of the time, and 

day time maximum mixing heights ranged from 450 m to 1250 m at several stations. Fog 

was prcsenl for an avcragc 12 hours per day during the episodel-t. PM2.5 concentrations 

Jrose from 35 flg m- to 80 fJg m-) in Fresno during the three-day episode. 

The box model requires emissions of ammonia, nitrogen oxides (NOx), and VOC, 

which are the precursors of PM nitrate and oxidants. The California Air Resources Board 

(CARB) prepared gridded emission inputs [rom the IMS95 inventories, which wcre 

evaluatcd by Magliano et al. 2 The emission flies obtained from CARB for a typical 
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weekday in the IMS95 domain contained gaseous species NOx , VOC (speciated), 1...,THJ, 

S02, and several particulate species including Na+, cr, S04=, organic carbon (OC), 

elemental carbon (EC), and a category representing all other particulate compounds. The 

diurnal emission profiles of NOx and VOC (point plus area sources) show strong diurnal 

variations, but that ofNHJ is fairly constant throughout the day. Eight classes of VOC (2 

alkanes, 2 aromatics, 4 olefins) were converted to the lumped CBM-IV structure groups 

(PAR, TOL, XYL, OLE) and isoprene for use in the box model. For the box model 

simulations, the emissions in the modeling domain were extracted from these files. 

Diurnal profiles of temperature, RH, and mixing layer height are needed to define 

the meteorological conditions used in the box model simulation. Temperature and RH 

are used in both the gas-phase chemistry and aerosol thermodynamics calculations. The 

mixing layer height is used to define the dilution and entrainment characteristics of the 

modeling domain. Meteorological data were downloaded [rom the CARB-maintained 

I1...fS95 data base (http://www.arb.ca.gov/themis). Very humid conditions were observed 

during IMS95; the average relative humidity was above 90% From 7 p.m. to 9 a.m. and 

minimum relative humidity during the day was about 65%. Mixing layer heights were 

determined from the vertical temperature profiles at four stations (Corcoran, EI Nido, 

Bakersfield, and Fresno) within the SJV for the January 1996 episode (Ajith KaduweJa, 

CARB, personal communication, 1999). Spatia!1y-averagcd mixing height profiles were 

used in this study to represent typical episode conditions. Due 10 limited data, an 

averaged profile was used for all days. The mixing layer height ranged from less than 

100 m during predawn hours to about 750 m in the lale afternoon. 

Observed concentrations were obtained from the IMS95 data base and were used 

to drive rhe box model as initial conditions (Table 1). Note that the model repartitioned 
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gas-phase and partiele-phase species that were not in equilibrium in the first time step. 

Based on Magliano et al.'z, the ambient NHiNO:\: ratio compared well with the 

emissions inventory values over a 25 km radius of the monitoring station (i.e., an area of 

about 2000 km2
). Therefore, a 44 km x 44 km area around Fresno was chosen for the box 

model simulations. Sensitivity simulations with domains of 4 km x 4 km (urban scale) 

and 216 km x 288 km (entire IMS95 domain) were also performed. These simulations 

showed chemical dynamics that were not characteristic of the ambient conditions in the 

SN. Because of high emissions concentrated over a small area without advection flow, 

the urban scale simulation resulted in signiflcant build-up of pollutants, such as NO:\:, 

VOC, and PM, and a depletion ofNH3 within a couple of simulated days, which was nol 

observed during IMS95. The chemical dynamics of the regional scale simulation 

indicated that the oxidant chemistry was too slow (because of the dilution of emissions 

over a large area) in rural areas to account for the observed PM nitrate and oxidant 

concentrations. 

A 3-day simulation was perfonned for the Fresno domain, based loosely on the 

conditions found during the 4-6 January 1996 episode. We assumed that pollutants are 

trapped and preserved aloR when the nocturnal inversion isolates the surface from the 

aloft layer. Therefore, the modeled aloR concentrations on eaeh day are equal to the 

concentrations of pollutants in the previous atlernoon at the time of maximum mixing 

height. Aloft eoncqntrations are also required for (he fIrst of the modeled days. Since 

aloft eoneentrations were not measured during IMS95. characteristic aged emissions (the 

concentrations on the third day of a simulation without initial conditions) were assigned 

as the initial set of aloft concentrations. 

Magliano et al. 2 found significant uncertainties in the emissions inventory (e.g., 
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underestimation by a factor of 4 for NMOCINO.,) based on comparisons of inventory 

ratios of VOCINOx;NH)INO;o;, and PMINOx to ambient values. Therefore, the emissions 

of organics were adjusted to obtain a base case that best malchcs the ambient 

concentrations. In the base case simulation, the organic emissions were doubled from 2.3 

X 106 mole C/day to 4.7 x lOb mole C/day within the modeling domain in order to 

produce 0 3 concentrations similar to those observed in the during IM"S95. Such an 

d" " I"" I" d" 151617 
J 

T 1 "" d" ha Justment IS commonp ace m alr qua lty stu les .. ota emlSSlons usc III t e 

simulations are listed in Table 1. 

Sensitivity Simulations. Simulations were conducted to test the changes in PM.z.5 

nitrate concentrations resulting from changes in the emissions of NOx and VOC within 

the modeling domain. The results are summarized in an isopleth plot (Figure 1). Since 

the responses of 24~hour average PM nitrate concentrations to reductions in VOC and 

NOx emissions are very consistent over a range of reduction levels, we only discuss in 

detail a sensitivity simulation with a 50% reduction in VOC emissions and another one 

with a 50% NOx reduction. 

RESULTS AND DISCUSSION 

Base Case Simulation. The first day is treated as a "spin-up" period, to minimize 

the effects of initial conditions on the results of the simulation. Therefore. only the 

results of the second and third days are compared against 24-hour average ambient 

concentrations in Table 2 to ensure that the box model captures the general dynamics of 

the fonnation of secondary pollutants. Figure 2 shows the average diurnal profiles of key 

secondary species, including 0), N02, PM nitrate and ammonium. Available 

observatious are also displayed to ensure that the box model provides proper 

representations of the physical and chemical processes in SlY. The 0 3 concentration 
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peaks at 2 p.m. on both the second Dnd third days, with values of 23 and 27 ppb, 

respectively (obscrved peaks of 20 to 35 ppb occurred between 2 and 3 p.m.). The 

simulated concentrations of OJ are within the range of values observed during the 

January 1996 episode of IMS95. 

The NO~ concentration profiles do not match the observed concentrations as well. 

The ambient data for NO typically display a pcak value (60 -. 100 ppb) bctwccn 8 and 9 

a.m. and high concentrations (30 - 50 ppb) throughout the night. A morning maximum 

concentration of about 20 ppb is predicted at about 10 a.m., and NO concentrations are 

typically low during the night. The diurnJI wnge of observed N02 concentrDtions is 

smaller than that of NO concentrations. N02eoneenlrations l1uetuate between 10 and 30 

ppb, with a midday minimum slightly before the time of maximum 0). The simulatcd 

N02 concentrations reproduced this profile well, although they are typically to ppb 

higher than the observed values. Model predictions of VOC compared reasonably well 

with the aftemoon VOC samples. However, the box model was not able to predict the 

peak m oming concentrations. T he simulated concentrations 0 ft he primary precursors 

(NO;< and VOC) were lower than the observations. Since alt emissions are well mixed in 

a box model, the size of the modeling domain is probably too large to rcprcsent the 

emission~driven variability in NOx and VOC observations at the Fresno core site. 

The 24-hour average conccntrations of PM2,5 and major PM 25 components arc 

summarized in Table 218
. The undcrprediction of PM2.5 was due 10 primary emissions. 

Schauer and Cass l9 analyzed the sourcc contributions of PM2.5 in Fresno and found that 

43% of the observed PM 2,5 was primary in origin. In the box model, the contribution of 

primary compounds is smaller. Secondary compounds are morc regionally distributed. 

Therefore, the model provides bctter estimates of secondary inorganic components and 
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the base case concentrations of sulfate, nitrate, and ammonium are quite similar to those 

F 18measured · .In resno 

The diurnal profiles of predicted particulate ammonium and nitrate, as well as 

their precursors, NHJ and HNOJ, are shown in Figure 3. The concentration of HNOJ 

predicted by the model is much lowcr than the IMS95 observations (Table 2). This result 

is consistent with the modeling rcsults of Kum:u et a1. 18 
, who alluded fo measurement 

difficulties for HNOJ _ Some PM nitrate seems lo bc fOffiled during the day; however, thc 

accumulation of PM nitrate and ammonium also takes place in the evening, probably as a 

result of favorable partitioning of inorganic nitrate toward the particulate phase (due to 

colder temperatures and higher RH). as well as ehemical production. The relatively high 

concentrations of NH) and [he build-up of NHJ during the night (especially early 

morning) indicate that the formation of particulate nitrate is limited by the availability of 

HNO). with a possible cxception at the end of the simulation when Nth is close to 

depletion. Since the incrcase in PM nitratc in the evening exceeds the available HNO) in 

the gas phase for partitioning (the day time peak ofHNOJ is about 0.3 ppb), we conclude 

thal the chemical production of nitric acid and PM nitrate is significant in the evening, 

Two chemical pathways exist for the production ofHNOJ. The OH pathway takes place 

primarily during the day, \\!hen OH is more abundant. 

OH + NO, -7 HNOJ (I) 

The NO) and N20 S pathways consist of Reaetions 2 to 5. Since NO) photolyzes rapidly 

during the day, these pathways take place primarily at night. 

(2) 

(3) 

(4) 
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N20, + H20 -7 2 HNO] (5) 

Reaction 3 is a heterogeneous reaction that takes place on fog droplets. Reaction 5 is 

favored when the RH is high and when lower temperatures increase the stability of the 

combination product N20S_ When fog is present, a heterogeneous mechanism of 

Reaction 5 is also viable. The conclusion that the N03 and N20S pathways play a 

signi ficant role in PM production is inferred from the predicted concentrations of the 

intermediates N20S and NO) during the evening. The production of PM nitrate via the 

N20S pathway ceased later at night when N20 S and N03 are depleted. because OJ, a key 

ingredient of NO) (Reaction 2) is depleted. Figure 4a shows the relative contributions of 

the two chemical pathways and initial and boundary conditions to the obsen'ed PM 

nitrate. As seen in Figure 4a, excluding initial conditions and boundary conditions, 80% 

of the da)1ime concentration of PM nitrate is attributed to Reaction I. While the PM 

nitrate formed from the OH+N02 reaction persists into the night, about 50% of the 

nighttime nitrate produced in situ is attributed to N03 reactions (Reaction 2 to 5). 

The presence of fog at night enhances the production of HNO~ (via [he 

heterogeneous reactions of N03 and N20 s). However, i[ also increases the removal rate 

of PM due to wet deposition. Compared to a sensitivity case where fog \-vas not 

simulated, it was found that the net effeet of fog was the removal of about 10% nitrate 

over a 24-hour period. PM nitrate removal as the net effect of fog is consistent with the 

fog modeling results of Lillis et al. 14 Because fog removes HOl radicals via 

heterogeneous reaction, daytime OJ ""'as also reduced \I,.'hen fog is present because of the 

reduced production ofOH from HO l and NO~ the next morning. 

VOC Emission Reduction. Figures 5a and 5b show the 03-NOx dynamics and 

the PM and precursor time series, respectively, for the sensitivity case with a 50% 

Scnsili.'il.I' ofPM ,.ii/nue Formalion 10 Precursor Emiuions In lilt' Ca/ifomin Sail Joaquin Valley II 



reduction in VOe. The key resull is that the 24-hour average PM nitrate concentration is 

reduced from 16.5 and 22.5 l1g1mJ on days 2 and 3 in the base case (Table 2) to 13.5 and 

14.5 l1g1mJ 
, respectively. Given that the initial condition is I 1. 7 l1g1mJ 

, the production of 

secondary PM is greatly reduced when the voe emissions are halved. Particulate 

ammonium, which is associated Wilh particulate nitrate, is also redueed (24-hour average 

concentrations are 5.0 and 5.5 l1g1mJ on days 2 and 3, respectively; down from the base 

case values of 5.9 and 7.8 l1g1mJ
, respectively). 

Figure 5b shows that, as in thc base case, NH) is abundant in thc system relative 

to RNOJ. In fact, the gaseous concentrations of HNOJ are lower in this sensilivity 

simulation than in the base case. The general features of Figure Sa are quite similar to 

those of the base case (Figure 3a). OJ concentrations are lower (maximum OJ 

concentrations reduced from 23 and 27 ppb on days 2 and 3 in the base case to less than 

20 ppb in this sensitivity simulation), and NOx concentrations are generally higher, 

consistent with s 10"Yer chemical removal 0 f N Ox by oxidation, T he concentrations 0 f 

NOl , the nitrogen-containing reagent in Reactions 1 and 2, are very similar in the 50% 

voe simulation and in the base case. The reduction in PM is therefore caused by the 

limited availability ofoxidants, OH and OJ. Figure 6 compares the concentrations of 

OH, 0 3, and NzO j between the base case and the 50% voe reduction casco A 50% 

reduction of voe emissions rcduccs peak OH and OJ concentrations by as much as 20%. 

The resulting N20 j concentrations are more than proportionately reduced, and 

consequently, the rale of HNOJ production by this pathway is considerably rcduced. 

Since the N10 j route contributes significantly to the production of HN03 in the base case, 

PM nitrate is similarly reduced. The change in the relative importance of Reaction I vs. 

Reactions 2 to 5 is reflected in the differcncc in the PM nitrate build-up pattern between 
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the base case and the 50% VOC casco The base case shows a relatively small increase in 

the nitrate concentrations following the day-time minimum that resulted from the 

entrainment of cleaner air, followed by "a substantial increase in PM nitrate after sunset. 

In the reduced VOC case, PM nitrate increased gradually from mid morning to the mid 

afternoon due to the N02 + OH reaction (see Figure 4b). On the other hand, little nitrate 

lonnation takes place at night because, by sunset, 0 3 has been nearly depleted; therefore, 

the N20 5 pathway for nitrate foonation (which depends on 0 3 to fOITn N03) is negligible 

in this ease. The smaller contribution of the NO) and N20s reactions to the evening 

concentrations of PM nitrate can also be seen in Figure 4b. This is a major difference 

from the base case. 

NO~ Emission Reduction. The results of the 50% NO, emission reduction case 

are presented in Figure 7. Figure 7a shows the dynamics of 0 3 and NO x. As is quite 

frequently the case with VOC-sensilive regimes, reducing NO, actually increases the 

formalion of OJ because less NO is available to titrate OJ. The maximum 0) 

concentrations are 28 and 38 ppb on days 2 and 3, higher than those observed in the SJV 

in the wintertime. The night-time N02 concentrations decreased from 35 to 37 ppb in the 

base ease to 27 and 22 ppb on the first two nights. NO concentrations are also low, even 

during the morning rush hour. 

Despite the lower concentrations of NO" more PM nitrate is formed, as shown in 

Figure 7b. Twenty-four hour average PM nitrate concentrations rose from 21.3 to 28.6 

from day 2 to day 3 , a 30% increase 0 vcr t he base case values. Although this result 

seems counter-inlUitive, it is easily explained if one considers the dynamies of the VOC

sensitive chemistry. 

The N02 concentrations are always higher in the base case than in the sensitivity 
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case. As shown in Figure 6b, the concentration of OH radicals during the day is about 

23% to 28% higher in the 50% NOx reduction casc than in the base case. The increase in 

[he radical concentration occurs due to increased production from the photolysis of OJ. 

As shown in Figure 7b, daytime formation of RNO j increased slightly with respcct to the 

base case because the decrease in N02 concentrations (Figure 7a) is compensated by thc 

increase in OH concentrations (Figure 6b). The concentration of N20~ is about 50% 

higher in the evening compared to the base cas,e. In the previous section. we have shown 

that a decrease in 0 3 results in a more than proportional reduction in N20 5. The converse 

is also true; the increase in 0 3 in the reduced NOx simulation relative to the base case 

triggers a more than proportional increase in N20 S in the evening (Figure 6c). fndeed, 

significant PM nitrate formation is observed at night in Figure 4c, indicating the 

importance of the NO) and N10S pathways in this system. The midnight increase of 

gaseous RNO) on the last day follows a depletion of NH), which is converted to 

particulate ammonium 10 neutralize the particulate nitrate. Once NH3 is depleted, the pH 

of the aqueous particles quickly drops (to 1.2 at the conclusion of the simulation), 

preventing further partitioning of HNO j from the gas phase into the particles. 

Photochemical Indicators. Several photochemical indicators have been 

proposed to detennine the sensitivity of 0 3 to VOC vs. NOx. These indicators include 

H,O,IHNOJ , NO" HCHOINO,> OJ/(NO, - NO,) and (NO, - NO,)INO,',5, They 

represent dominant products under VOC- or NOx-sensitive regimes or ratios of these 

products. or chain length in the radical reactions that produce 0 3. For example, the ratio 

H20 1IHN03 represents the competition of the HOl radical tennination product (H10 2 

dominant in NOx-sensitive regime) and the OH + NO l tennination product (RNa) 

dominant in VOC~sensitive regime). Since RNO j partitions between the gas and particle 
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phases, PM nitrate and H NOJ are considered together in the denominator of the ratio. 

NOy is the total oxidized nitrogen. (NOy - NOx) is a measure of the amount of NOx 

oxidation products (HNOJ, HN02, PAN, etc.). The ratio of OJ and (NOy - NOx) is an 

indication of the chain length of the radical reaction, i.e., the propagation reactions that 

produce OJ vs. the termination reaetions that remove radieals and NO:>; from the system. 

Lu and Chang5 proposed numerical thresholds for the above photochemical 

indicators to characterize between VOC-sensitive and NO,,-sensitive regimes (see Table 

3) based on a summertime modeling study using the three-dimensional model SAQM. 

There may be slight variations in the thresholds used to define VOC vs. NO" sensitivity 

for a winter vs. a summer simulation, but the underlying ehemieal trends should be the 

same. Our base case simulation shows that the wintertime OJ concentrations should be 

sensitive to VOc. The simulated indicator values (Table 3) are different enough from the 

thresholds that this conclusion is insensitive to seasonal variations in the thresholds. In 

the sensitiVity runs, OJ also decreases with decreasing VOC (and increases with 

decreasing NO>;). Sincc both OJ and HNOJ are formed from reactions involving radicals 

(H02 and OH) and NO", this result was further extended in our simulations to the fact 

that inorganic nitrate production (i.e., HNOJ) is also VOC-sensitive. 

Blanchard et al. J determined that there was no ammonia limitation in the S.JY 

during IMS95. We explore whether our results for the sensitivity of PM nitrate formation 

from its precursors, HNOJ and NHJ, are consistent with the generic analysis conducted 

by Ansari and Pandis6
. Ansari and Pandis defined five variables that govern the 

inorganic PM formation system, as shown in Table 4. Using these variables, the 

wintertime condition in SlY is characterized by low temperature and high relative 

humidity with sufficient free ammonia relative to total nitrate. According to Ansari and 
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Pandis6
, wintertime PM concentrations in the SlV should be very sensitive to a change in 

HNO] concentrations but should not bc sensitive to NHJ concentrations. This result is 

consistent with Blanchard et a1.J and with our simulation rcsults. 

Implications. Our box model simulations point to the fact that PM formation in 

the SlV during winter is HNOJ-sensitive, that HN03 formation is oxidant-sensitive, and 

that oxidant formation is sensitive to reductions in VOC emissions. In fact, a decrease in 

No.~ emissions leads lo an increase in PM due primarily to In increase in OJ 

concentrations. The conclusion that PM formation is HN03-sensitivc is also obtained if 

one uses the generic analysis of Ansari and Pandis6 
. The indicator species of Lu and 

Chang5 also indicate that oxidant formation is VOC-sensj{ivc. 

It should be noteu that the box model reprcsents some domain-averaged chemistry 

but cannot characterize the locally specific chemical regimes. Other assumptions include 

stagnant conditions and aloft carry-over of gaseous and PM pollutants. Further work 

should extend this box model analysis to a three-dimensional modeling study so that 

transport processes can be simulated and the spatial variability of the response of PM to 

precursors can be addressed. However, In extensive reliable database is needed for the 

application of a 3-D model. The forthcoming California Regional PM Air Quality Study 

(CRPAQS) database may provide such an opportunity. 
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Table 1. Base case emissions and initial conditions for box model simulations. 

Chemical Species 

NO, 

NH] 

SO, 

VOC 

Isoprene 

Chemical Species 

NO 

NOz 

0, 

NH) 

SO, 

CO 

HNO! 

VOC 

PM ehlocide 

PM sulfate 

PM ammonium 

PM nitrate 

Emissions 

9.3 x 10' mol/day 

4.3 x 105 mol/day 

5.0 x 105 mol/day 

2 x 2.3 x 10' molC/day 

2.2 104 mol/day 

Initial Concentration 

36 ppb 

22 ppb 

8 ppb 

4 ppb 

1.6 ppb 

1.9 ppm 

1.2 ppb 

218 ppbC 

0.32 ppb (0.49 ~g1m]) 

0.54 ppb (2.2 ~g1m]) 

5.5 ppb (4.3 ~g1m3) 

4.4 ppb (11.7 ~g1m') 
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Table 2. Daily average measured concentrations m lhe Fresno Area January 4-6, 

1996 (Souree: Kumar et a1. 18) and results of base case simulation. 

Chemical species 

0, 

NO 

NO, 

HNO] 

NH] 

VOC (I) 

PM nitrate
 

PM ammonium
 

PM2,5 

Average concentration Predicted concentrations 

Day2 Day 3 

7.5 ppb 7.9 10.3 

56.4 ppb 7.6 6.5 

27.0 ppb 30.4 31.3 

1.9 ppb 0.Q7 0.09 

6.6 ppb 8.0 6.0 

0.46 ppmC 0.29 0.36 

19.5 pg/mJ 16.5 22.5 

6.3 ~glmJ 59 7.8 

55 ~glmJ 30 40 

(I) Average ofmoming (6-9 a.m.) and afternoon (3-6 p.m.) samples. 
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Table J. Indicator thresholds and San Joaquin Valley simulation results. 

Indicator Speeies Thresholds SJV \Vioter Simulation 

H,O,/(HNO, + PM nitrate) 0.9 (I) H,O,/(HNO) + PM nitrate) 

always substantially less than 0.9 

NOy 4.5 ppb (2) NOy > 40 ppb at all times 

0.6 (1)HCHOINOy HCHOINOy is less than 0.1, 

because of the abundance ofNOy 

O,/(NOy - NO,) 27.5 (I) O)/(NOy - NOx) < J.5 because 

0) is typically quite low 

(NOy - NO,)INO y 0.55 (1) (NOy - No.d/NOy ratio less than 

0.3 throughout simulation 

(1) high values = NO, sensitive; low values = voe sensitive. 

(2) high values = VOC sensitive; low values = NO;>: sensitive. 
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Table 4. Range of PM sensitivity variables for IMS95 (base case simulation results). 

Sensitivity variables 

Free ammonia (NH/) (I)
 

Total nitrate (HNO/) (2)
 

Gas ratio (GR) ~ NH,'/ RNO)T
 

Temperature
 

Relative humidity (RH)
 

(1) total ammonia - 2 x sulfate 

(2) sum of gas- and particulate-phase inorganic nitrate 

Range or values
 

9 to 20 ppb
 

3tol4ppb
 

1.1 to 4.5
 

279 to 289 K (low)
 

65 to 95%, (high)
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FIGURE CAPTIONS
 

Figure 1. Isopleths of24-hour average PM nitrate (ppb). 

Figure 2. Predicted and observed average diurnal profiles of key secondary species 

(a) N02 and OJ (b) PM amonium and nitrate. 

Figure J. Base case simulation: (a) OJ, NO, and N02 concentrations, (b) PM 

ammonium and nitrate, and gaseous NHJ and HNOJ concentrations. 

Figure 4. Contribution of the OH + N01 reaction, the NO] and N20~ reactions, and 

initial and top boundary conditions to PM nitrate for the (a) base case, (b) 

50% VOC case, and (c) 50% NO,,- case. 

Figure 5. Sensitivity Simulation, 50% VOC Reduction: (a) OJ, NO, and N01 

concentrations. (b) PM ammonium and u itrare, gaseous N HJ and HNOJ 

concentrations. 

Figure 6. Comparison the base case simulation and the sensitivity cases: (a) OJ, (b) 

OH, and (c) N20 S• 

Figure 7. Sensitivity simulation, 50% NO", reduction: (a) 0], NO, :.lI1d N02 

concentrations, (b) PM ammonium and nitrate, and gaseous NH] and 

HNOJ concentrations. 
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Figure 1. 
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Figure 2. 
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Figure 3. 
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Figure 4. 
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FiglJre 5. 
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Figure 6. 

40 ,r---=-----=,-----l,-~~-~____,-~-~~-__, 

\ 

- Base Case 
50% vac CaseD 

- - - 50% NOx Case2: 30 
c 
a 
~ 
c " 
8 
~ 

0" 

Hour 

60x10--6 

:0 50
2: 
c 40a 
~ 

, 
l-

AI- ... . 

-

/ \ J 

,fI
.' 
' .30 , .', \ 

u 
~ 
E ,: .. 

8
c 20 '. '. 

6 10 

o 

• " 
I 

.\ 
I , 

(' . ,fl'.,, .'. ,
 

,:: ", \ 

J 
) 

'. 
\ 

o 24 48 72
 

D 
~ 6 
~
 

c 5 a 
'ffi 4 
c " 
~ 3 
c 

8 2 - I 
.\ 

o· - . 
\ 

,£ A- , " o 

Hour 

I, 

,\. 
I' . \ 

. \ 

,!~I\ . I , I 

, ,I .~ 

, 
-- t'( \:". '. ---

, 
--.' ".go'''-.-. .

o 24 48 72 

Hour 

29Sensilivily ojPM Nllrale Fornrnlion 10 f'reCIlI'SOf Emissiolls in llie Califomin Son Joaquil/ Yolley 



. 
, 

..  \ /
,.-

, . .. , 

24 48 72 

Hour 

2518 
----- Ammcmium ,16 Nitrate I 

2.0NH, .. ". 
, .~ .14 

,
-' .-

/

\ 

HN03 \ ", ~ : .,/12:0 .. \ ",~ ":, 1.5~ .. " r z
10 .' I 0 n :'1 \ ". 

/ 

,
r 

r .. w 

rz 8 : / /, ~: 1.0 
~ 

,r ~::f .' /0- 6 ,
4 0.5/ r 

\I2 / \ / 
I/ \ /

0 0.0 
0 24 48 72 

Hour 

Srmsili,';I)' ojPM ,vi/mil!: FOn1ll11fOll to Prccr".or EminlQ"l in ,he California Sail Joaqlllll Vn/fey 30 



EXHIBIT 175
 



SUPPLEMENTAL TESTIMONY OF DUANE MCCLOUD AND SCOTT BUSA 

WATER RESOURCES 

COMMENT 1 

Applicant shall provide el.'idellce on where TPP will obtai" potable water for domestic 
uses. 

RESPONSE I 

Ifreclaim water was to be used for the projeet, restrictions on its use would prevent us 
from its utilization for domestie requirements. Accordingly potable water would need to 
be transported to the site by bulk truck from Tracy or Livennore and stored in a potable 
water storage tank for sanitary uses. An average potable water usage of 1.0 gpm 
translates into a 3000 gallon delivery once every other day. which represents a minimal 
impac[ on traffic. 

Drinking water would be bottled in either scenario. 

COMMENT 2 

Ti,e record does IIof indicate whetlrer the Cit)' of Tracy will indude dellitrifieatioll ill ils 
tertiary treatment process or whether the TPP would illstall water treatmeut tee/urology 
at the site or whether the TPP would install water treatmellt technology at the site or 
whether the biocide treatmellt required by Coudition Public Health-l would result ill 
sufficiellt denitrification to ellsure effective removal ofmicroorganisms in the cooling 
tower. TIre parties shall provide testimony that would resolve this issue. 

RESPONSE 2 

The City of Tracy upgrades for Title 22 include activated sludge nitrification and 
selecti ve anoxic denitrification, in addition to much higher levels of disinfection and 
tiltration. 

The presence of ammonia in water is a primary factor effecting disinfection effeetiveness 
in an aerobic system. This is due to ammonia's tendency to combine with free oxidants, 
especially halogens, rendering them less effective. Nitrification is the process through 
which ammonia is converted to first nitrites and then nitrates. It is virtually impossible to 
meet Title 22 standards for disinfection with high levels of ammonia present, and 
accordingly nitrification is almost always employed as a part of advanced wastewatcr 
treatmcnt processes. 

Denitrification is conversion of nitrates to oxygen and nitrogen. As gases both of these 
products are then generally removed from the water. Denitrification is often employed 
based on the scnsitivity of the receiving stream. While nitrates are generally not good 



bacterial food in an aerobic system, they can function as algae food in an open body of 
water creating environmental impacts. 

The expected impacts on thesc constituents from thc Tracy upgrades are a significant 
reduction in ammonia, from an average of 15 mg/I to 0.5 mg/I, and a modest increase in 
nitrate from 5 mg/I to 10 mg/I. Denitrification will account for a significant nitrate 
reduction (83%) in this case, as the theoretical nitrate level, after ammonia conversion, 
would have been around 58 mg/I. 

As indicated above, the primary drivcr for nitrification is disinfection effectiveness. 
Meeting thc Title 22 requirements through the processes outlined above will result in no 
additional trcatment required at TPP to address nitrogen balance in the water. A 
complete disinfection program, based on industry and CTI guidelines, will be utilized in 
the plant water systems to cnsure that microorganism control is maintained once thc 
water gets 10 lhc project. 

The above rcferences and numbers are from the Final ElR for the Tracy Wastewater 
Treatment Plant Expansion, dated Scptember 2002. 

COMMENTS 

Applicant estimate.'! the capital cost ofits proposed coolblg tower installaticm w(Juld be 
about S18 million. Tlds appears to be a 10k' estimate compared witll the cost oftire 
cooling tower installation for a power plant project halfthe size oftile TPP. Applicant 
sllall provide evidence confirming that i(s cost estimate for file cooling tower is 
accurate or provide a corrected e:itimafe, ifappropriate. 

RESPONSES 

Thc values provided in Table 3.10~5 of the AFC arc not total system costs for either a wet 
or dry system. Thcyare instead installed costs for just the major components that would 
dilTcr bctween the three options. The total sys{em costs of any of the three options would 
be higher, although likely by a fairly constant amount across the list. For example while 
the wet tower would have more feet of piping and pumps, the dry cooling would have 
much larger piping and structural support requirements. Civil and landscaping needs 
would also be greater for the larger dry cooling layouts. We believe that the cost 
difference in the options shown to be accurate, even though we acknowledge that the 
absolute values given are too low for a total system cost. 

Table 3.10-5 however docs not capture the difference in water treatment capital and 
infrastructure costs .. For example the ZLD system costs would increase for a larger water 
usage, similar to the increase being debated for the higher TDS impact for reclaim water. 
In the case ofa completely dry cooled plant, water demand would be much lower, on the 
order of 10% of a wct plant, for boiler makeup and inlet air cooling. However that 10% 
would still require both a supply pipeline and ZLD system, however much smaller. 
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Whether that supply comes from the Aqueduct or Tracy most of the pipeline costs being 
considered for a wet cooled plant would still be incurred. This \1,'us reflected in Stuff's 
summaries. The ZLD system would also be much smuller and different in nature, 
primarily processing a straighl RO reject instead of a cooling tower sidestream as 
currently envisioned. As a result it would consist only of an evaporator~crystallizer and 
dewatering equipment, ofa size similar to the system currently envisioned for the 
aqueduct water supply. Ins lead of the total capital cost range of $19MM to 22MM being 
carried for the wet system ZLD a number in the $4-5 MM range is more likely. These 
capital numbers arc consistent with analysis in the FSA Appendix Table 5. As indicated 
previously we believe that the lost revenue number associated with dry cooling is much 
higher. 

COMMENT 6 

Applieallt shall provide testimollY Oil tile status of IIegot;atiolls with the City ofTracy 
for all agreem('1Il to supply tertiary treated recycled water to tile TPP 

RESPONSE 6 

Midway Power and .lhe City of Tracy have been negotiating for the reclaimed water 
supply to be delivered by the City of Tracy. The City of Tracy did provide a draft 
agreement in December 2003 to Midway Power. The draft agreement included 
provisions such as interpretability, additional costs, no provision for backup supply and 
other provisions that pose substantial issues for the project. A meeting was held in 
January 2004 and Midway Power has been preparing modiflcatLons to the draft 
agreement. Midway Power is committed to negotiating ..m agreement with the City of 
Tracy. 

Toward that end, Midway Power is willing to accept Condition of Certification SOIL & 
WATER 11 which requires the Project Owner to secure a User Agreement for 
Reclaimed Water from the City of Tracy at least 60 days prior to project opera60n. 
However, we request some additional clarifying language to ensure that the User 
Agreement can encompass interim and backup supply water in addition to the Reclaimed 
Water. Therefore we propose SOIL & WATER 11 be modified as follows: 

SOIL & WATER II The Projeet Owner shall secure a User Agreement 
for Reclaimed Water and allY interim and backup water from the City of 
Traey for the TPP's process and cooling water supply. 

Verification: At east 60 days prior to the start of Project operation, the 
Project 9wner shall submit to the CPM a eopy of its User Agreement for 
Reclaimed Water and allY iltterim altd baekup water from the City of 
Tracy 10 supply reclaimed water and alty illterim and backup water to the 
TPP for power plant cooling and other industrial processes. 
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Additionally, Midway Power accepts Condition ofCcrtification SOIL & WATER 12 
which would require the use ofrec1aimed water as the IPP's primary water supply source 
for cooling and Jandsc<Jpe irrigation. Midway Power also <Jccepts Condition of 
Certification SOIL & WATER 13 with the following modification: 

SOIL & WATER 13 In the event the IPP is constructed prior to 
the availability of recyeled water and an interim water supply is to be 
used, the Project Owner shall submit a sehedule ofprojected monthly 
water demand to the City of Tracy for review and commenl and to the 
CPM fer appro ..·al. 

The reason for the proposed modification is that neither the City of Tracy nor the CPM 
should be required to approve the projeeted monthly water demand. The interim water 
supply would be supplied according to any User Agreement with the City ofTmcy under 
Condition of Certification SOIL & WATER 11. 

Midway Power disagrees that Condition ofCertifieation SOIL & 'VATER 14 is not 
necessary to ensure compliance with LORS or to mitigate any potential impaet associated 
with the use of City of Tracy Reclaimed Water for the TPP. 

Mid\\!ay Power accepts Condition ofCertifieation SOIL & WATER 15 with the 
following modifications. 

SOIL & WATER 15 The Project Owner shall cOII.'ert from use 0f-flet 
use-the interim water supply to reclaim water withill for more than 45 
days Gftee of the tertiary-treated water supply fl.as.-bccomeing available. 
This does IIot preclude tile use offresh water on an emergency basis 
should tile reclaim water be ullavailable after the illitial switcll to 
reclaim water. 

With the acceptance orthese conditions, Midway Power believes that it is not 
necessary for the Committee to explore or require the TPP to employ dry-cooling 
technology to ensure eompliance with its recent water resource policies. 

COMMENT 7 

ApplicalJ/ sllall provide testimonJ! Oil tile issue 0fwhetlrer tl,e dry coolirrg alternative 
described in the record would be all i'ecollomically ullsound" optioll for tire life oftlte 
project compared witlr tire Aqueduct fresll water proposal or tile Tracy reC}'c1ed water 
alternative. 
RESPONSE 7 

Midway Power does not believe that an "option" for dry cooling adds any value to the 
Final Decision. While we disagree somewhat on the details and assumptions that have 
gone into Staffs analysis, we agree that an air cooled project would have a significant 
cost disadvantage over an evaporative cooled facility. Reasonable estimates, based on 
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today's market would place that disadvantage on the order of$6-8 million/year in lost 
income due 10 lower output, coupled with a capital cost comparable to thc rcclaim water 
option being considered. 

As to the issue of "economically unsound," the phrase is ambiguous. Certainly if the 200 I 
California power crisis situation were to repeat itsclf, a dry cooled project \\!ould be very 
economically uttractive. Even a very poor efficicncy, outda1ed leclmology projcct could 
prosper in such an cnvironment. However the current situation is thai numerous projccts 
relying on evaporativc cooling have been permitted in the last several years, and those 
projects have inherent cost and efficiency udvantages over a dry coolcd facility. 
Undertaking the incremental construction of a dry cooled TPP in that market against an 
advantaged competition would be a poor business dccision, unless a severe market' 
condition could be essentially guaranteed. Likewise we would not envision a situation in 
which a long term offtake agreement eould be struetured for a higher cost, lower 
efticieney facility in a market in which lo\...·er east alternatives are readily available. 

Duc to our lack of ability to totally rule out the return of a long tern1 power crisis 
situation in California, we' therefore cannot say the project would be "economically 
unsound." However we believe all evidence to date would suggest that such a project 
would be significantly economically disadvantaged. 

As a result of the above, Midway Power believes that should final contractual 
arrangements with Tracy not work out, we would need to reopen the TPP siting process 
through a fonnal amendment. Such amendment would need to evaluate an alternative 
water supply and subject to a review of its impacts and legal compliance. 
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ABSTRACT 
A thermodynamic equilibriUJ!'1 model was u,ed to inve~ti· 

gate the response of aerosol NO, to changes in concentr<l

tiOIl~ of HNO" NHy and 1115°4" Over a range of temper<ltures 
<Iud rcl<ltive humiditie~ (RHs), t~"O parameters provided sur. 
ficient inlorm<llion for indic<lting the qU<llit<ltive response 

of <lerosol NO,. The first was the excess of <lerosol NH; plus 

g<ls-phase NH, over the sum of HNOy particulate NOli and 
particulate 50/- concentrations. The second was the r<llio 

of partiC\.llate to total NO, conccntr<lttons. Computation of 
these qU<lntities from <lmbient measurements provides a 

means to rapidly analyze large numbers of samples <lnd iden

tify cases in which inorg<lnic aero:>ol NO j formation is lim
ited by the avail<llJility of NH,. Example calC\.llations are 

presenled using d;lta from three field studies, The predic
tions of the indicator variables and the equilibrium model 

are compared, 

INTRODUCTION 
Elevated concentrations of partitles of less {hdn lO-!lm 

aerodynamic diameter (PM ,.) have been linked with daily 

mortality."" Some evidence suggests that health effects 

may be preferentially asmciatet.l with particl~~ of lc~s than 
-2.S·J.lm aerodynamic diameter (I'M1),' and new U.S. 

IMPLICATIONS 
A new method ror analyzing ambienl measurement dala 
permits ef1icffinl estimation of the qualitative response 01 
aerosol NO, to reductions of NH, or NO. emissions. Aero
501- lind 'ilas-phase measurements from one long-term 
and two shorHerm studies in Calirornia showed that, for 
most samples, aerosol NO, formation was not limited by 
the availability 01 NH,. 

Environmental Protection Agency (EPA) ambient air qual. 

ity standards have been promUlgated for both PM" and 
PM , In California, a substantial fraction of both PM

1
.,

IO

and Pll,f", mass can consist of aero~ol NO, t1uring Win
ter...·' Thus, ret.luction of aerosol NO, may be necessary 
for meeting EPA ambient air qnality standards fnr par

til.::ulale matter in some areas. 

Aerosol NO, derives from emissions of 1'\'0" but in a 
highly nonlinear m<lrlr\('r, Gas-phase oxidation of NO l 

yields HNO,; aqueous· phase reactions arc unimportant 
by comp'Hi~un.' During the day, HNO, is produced by 

reaction of NO, with OH: 

(R 1) 

Al night, the (allOWing rC<lctions become relatively more 

important: 

(R2) 

(R3, R4) 

(RS) 

The rate of I-1NOJ production, via reactions R1 through 

RS, is a nonlinear function of NO, cOIKentratiOll.' When 
reaction Rl is limited by OH r<lJk:al wrl(-entrations, de· 

creases in the nonlirniting reactant, N01, will not decr~ase 

the rate of HNO~ formation untii OH becomes 

non limi ling. Reaction R1 becomes limited by radical con
centrations <IS NO, concentration~ increase," but whether 

the limiting react<lnt in reaction Rl is OH radical or NO~ 

depends on the r<:ltes of emissions of NO and NO
l 

, the rate 

of con\ler~ion of NO to N0 , and the rates of production
2
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and de~truction of OH,h Reaction RI is a sink for OH radi

(ai, wherea~ the competing reaction of OH with hydro
carbon ~pecies (RH) regenerates OH radic<ll:" 

HOl -+ t\'0 -+ 0, -+ OH -+ NO, (RB) 

HNO

The ratio of hydrocarbon ~p~cie~ concentrations to NO, 
concentrations is, therefore, a key determinant of which 

reactant in reaction RI limits the rat~ of production of 

j
. 

HNO, and NH) establish the following equilibrium: 

HNO) (g) -+ NH, (g) H NH.NO, (a) (R9, RlO) 

where "g" and "a" denote the gJS and <lero~ol !Jhases, re
spectively. The formation of aerosol NO, via reaction R9 
may be limited by the concentrations of either Hl\;O) or 
NH,.9.,o Concentrations of NH" in turn, are affected by 

concentrations of H,SO, and HSO,,- via dissociation of 

aqueous H,SO, and reaction of HSO,- or SO/- with NH,: 

H2SO. (a) H W -+ HSO; (RIO, RII) 

HSO,,- H H' -t SO/- (RIZ, R13) 

HSO; -+ NH) (g) 'l-+ (NH)HSO. (RI6, RI?) 

NH
j 

may become limiting in reaction R9 becJuse it reacts 

preferentially with H,SO. or HSO.-aewsol to forlll either 

(NH.),SO, or NH,HSO; (reactions Rl4 and RI6).t..' Reduc

tions of SO" while resulting in decreases of aerosol 50,<-, 
can then leJd to increases in aerosol NOy as the NH) freed 

br the reverse reactions RIS and RI? becomes availabie 

to react with HNO, in reaction R9. NaNO] mar also be 

generated via reaction of HNO, with NaCl in marine aero
sol.ll-I] Whereas NH.NO, is typically found in the fine 

(PM,) aerosol fraction, NaND, is more likely to occur in 

the coarse fraction (PM,n less PM ), lUI Concentrations
ll

of NH" HNO" and NH.NO, (a) are frequently consistent 
with predictions based on the assumption of thermody
namic equilibrium. I. However, departures from eqUilib

rium have been shown to correlate with the time constants 

of equilibration, thus indicating that transport can limit 
aerosol N0, formation under ~ome condilioll5. l : 

Because of the nonlinear relation of aerosol N0, to con· 
ccntrJ.tiom of N0, and other gas-phase species, and the 

possibility of nonequilibrium partitioning of NO, 

between the I,'as <lnd aerosol phases, complete prediction of 
the effects of reductions of NO, or SOl emissions on aerosol 
N0, concentrations requires coupling ga~-phase with aero

sol mod~b and treating nonequilibriulll situations. Some 

equilibrium aerosol models haV(~ been incorporated into 
gridded elllissions-dri"',"n a trllosplleric-chembtlY 1110dl:I s. 11.1" 

/\iso. aerosol models capabli: of tr('ating botll equilibrium 
anLl lrall.\(Jorl have been developed';'.I" and in some caSi:S 

incorporated into 3-dimensional mode15.'~~o However, ill 

most ca~es, emissions and other data neeLled for driving and 
teHing gridded, emissions-Jriven aerosol mocleh are lilck
ing or inaccurate; emissions ofNH are especially uncertlin.z,

J 

Procedures for rigorously evaiuating 3·dimensional aerosol 
model applications have not been developed. 

When the assumption of thermodynamic equilibrium 

is warranted, thermodynamic eqUilibrium models can b" 
used to pre(lict the e!Tects of change~ of NH and HNO,

J 

eoncenlrations on aerosol NO, levels. '" Such modcl~ p~r

mit evaluation of NH, limitation (reaction R9), but do 

not incorporate the gas-phase reactions leading to HNO) 
production (reactions HI through RS) and 50 cannot ad
dresl the response of HNO, to changes in NO, concentra

tions. EqUilibrium models are nonetheless useful for 
predicting where and when aerosol NO, might exhibit 
little or no tesponse to reduCtions in liND, a~ a result of 

NH,·limiting conditions. SEQUlUB!! has been used to 
predict th~ effects of emission reductions On aerosol N0, 

in PhoelllX, AZ, by constructing model-pr,"dicted implclhs 
of particulate NO) concenlration as a function of total 

(aerosol plus gas-phase! NO, and NH) concentrations for 
two samples." \Vhil" it would be generally desirable to 

evaluate a large number of ~amplcs over a lengthy period 

of time, the construction of such isopleth plots for each 
sample involves substantial effort. 

In the present ...,'Ork, the response of aerosol NO
J 

to 

changes in concentrations of HN0J' NHJ' and SO/- is in

vestigated using a thermodynamic equilibrium model. It 
i~ shown that, over a range of temper;Jtures and relative 

humidities (RHs), simple parameters determined from 

ambient measurements mar be useu to indiCJte if an aero

~ol is sensitive to HNO, or NH" without haVing to empioy 

tile thermodynamic model to construct detailed isopleth 

piots for each sample. Computation of 1'\'110 parameters from 
ambient ml'asurements thus proVides a means to rapidly 

anaJrle large numbers of samples and identify cases in 
which aermol N0, formation is limited by the availability 

of NH" proVided thermodynamic equilibriulll holds. The 
approJ.ch is illustr<:lted using data from three field studies. 

SIMULATION OF EQUILIBRIUM AEROSOL 
COMPOSITION 
The model "Simulating Composition of Atlllospheric Par
ticles at Equilibrium" (SCAPEZ)"J07 was used to simulate 
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th<'rmodyn<lmic <'guilibrium reactions affecting particu
l<lte NO

J 
concentrations, F..arli<'r <'quilibrium model5 of the 

SO/--NO,-NH, system, such as SEQUILlB,I~ have been 
superseded by SCAPF2.2J.2l A version dated October 1996 

was used; it incorporates crustal elements'" and c<lrbon
ates'" in addition to the SO.2-, NO" NH;, and N<I' specic~ 

in the original model. 
Simulations with SCAPE2 were carried out here by 

varying humidity, temperature, and the concentrations 
ofSO,2-, HCI, Na', K', Ca'"', Mg2., and Cn,2-as follows: (I) 
COl concentration wa~ ~et at 360 ppmv (the model then 
establishes equilibrium between the gas- and aqueous

phase CO2concentrations, with the assumption that gas

phase COl concentrations are much larger than, and 
therefore un.1ffected by, the solid-phase CO/,- concentr.1
tions); (2) total ct- (as HCI), Na', K', Cal., and :/I.1g2' con

centrations were each Sl't to either 0.2 or 2 ~g/ml; (3) lotal 

50/- concentration (as H,SO.) was set at 3, 10, or 25 ~glm.l; 

(4) temperature was set at 273 K (0 0c), 278 I< (5 0q, 2B3 
K (10°C), 288 K(15°C), 293 K (20 "C), 29B K (25°C), 303 
I< (30 0C), or 30B I< (35 °Cj; and (5) RH wa~ set at 20, 40, 

60, 80, or 95%. The spel'ies connmtratiollS were selected 
to cover ranges that occurred in .1mbient samples (sec later 
discllssion), while the temper.1ture and RH settings were 

chosen to cover a r.1nge of values typical of ambient con

ditions. For each of the 240 combinations of the preced
ing conditions, 100 simulritions were carried out by 

varying thc total NOJ from I to 91l-\g/mJ in increments 
of 10 I-\g/mJ and by varying total NHJ from 2 to 38llg/m' 

in incrcments of 4 ~g/m'. Isopleths of particulate NO
j 

concentration as a function of total NO
j 

and .1S Nil J con· 

centrJ.tions were constructed for each case. Functions thJ.t 

delineated the transition from NH
j

- to HNO,-limited re
gions of each isopleth plot were then identified, 

A second series of simulations was carried out in 

which tor.11 NO, and SO,2- we[e each varied from I to 

91 ~g!mJ in inncmellls uf 10j.lg!m'. Model results were 
obtained for.1 range of v<:ilue~ ofNHJ (4,16,28, and 40 

~g/m') at e.1ch of the preceding combinations of tem
perature, RH, .1nd 5pecie~ concentr<:itiolls, amounling 
to 320 ~e1S of condition~. A total of 100 simulatiuns 

were used to construct i~opleth di<:igrams for each 

combination. 

Indicators of AmmlJnia- and Nitrate-

Limited Regimes
 

For a range of temperatures and nHs, isoplelils of particu

late NOJ concentrations as a function of total NO, and 

total NH.1 are approximately L-shaped, with a fairly sharp 
transition between horizont.1l.1ml vertical contours (fig
ure 1). Each plot can be divided apprOXimately into HNO

j


and NHJ-Iimited regions. Where the isoline~ are horizon

tal, aerosol NO) formation is not NH,-limited, nearly all 

Blanchard et al. 

the I\'OJ exists in th~ particulate ph<:ise, and reductions of 

total NO
j 

yield ilpproximately equal reductions of par

ticulate NO" Where the isolines arc vertical, aerosol NO, 
formation is NH,-limited, less NO., exists in the particu

late phase, and reductions of total NO, do not yield re

ductions of particulate NO" Qu~iilatively similar results 
are obtained for intermedi.1te Rlls (40 <:ind 60%), lower 

concentrations of SO/- (3 .1mllO I-\s/m), and lower con
centrations of HCl, Na', Cl-, K', Mg", and Ca" (0.2I-\g/lnJ), 

Locations of the isopleths shilled .1S the concentrations 
of SO.j:l--and otlu'r species were \'Jricd, [JUt tIle shapes of 
the isopleths were simii.1r to thme plotted here. 

Two indic<ltors of the transition hcrween the NH,

and NO,-limited portions of the isopleth plots can be idell
lified, and tllese <lre shown in Figure 1. The first indicator 

is a quantity defined here as "excess NH/ 

I'.x.cess NH == INH, (g)] -+ [NH; (a)J - 2
J 

(SO,:l-- (a)]- (NO,- (a)J -IUNO) (g)J - (HCI (g}]-+ 

2IC<lI.] -+ 2lMg:!'] -+ (Na'] -+ [I<'J -ICI-] (1) 

where ail concentrations are in units of ~molJm1. Equa
tion 1 incorporates the key aerosol- and g.1,-pll.1se species 
needed to delineate the transition between the two respome 

regions shown in Fib'llre 1, As indicated, the line of zero 

excess NH, approximately divides <'ach subplot into HNO,
limited and NHJ-1imited regions. The effectiveness of eq 1 
in demarking this division is a f<,flection of the importance 

of SO42- and NH, (re.1ctions R9, R14, ami R16) in determin
ing aerosol NO, corlCentrations; eq 1 <llso incorporates other 

~I)\,:cies (I.',g" Na') whose concentrations affect tile eqUilib

rium concentration of aerosol NO
J 

. The thermodynami

cally preferred forms of SO,:l-- are aqueous or solid Na2SO, 

and (NH')2S0" and a key determinant of the equilib
rinm state is the molar ratio of total NH l' and Na' to 

SO,:l--.2-1 Systems in which [NH, (gl] -+ [I\'H: (all -+ {Na·J

2 [SO,2- (a)] > 0 are SO/--poor, and the exccss gas-pllase 
NH, drives HNO, and HCI into the parIicul<:ite ph<.J~e.2' 

As shown in Figure 1, the linc,)1 zero exces~ NH , de

linea te~ the tr<:imilion bct'~'l,;erl NH, and 1INO, limitation 
ullller all conditions, but the trJllsitiorl is nut very sharp 

for a temperature of 303 Kand an RH less than 80%. Even 
at temperatures from 293 to 303 K, the contours are less 

strictly vertical and horizontal thall thcy are at 283 Kand 

an RH of 80% or less. Where the contours are rounded al 
the tr.1nsition, reductions of either HNOJ or NH

J 
concen_ 

trations produce reductions of aerosol NO, on both sides 

of the line of zero excess NHr However, in the NHJ-]jm
ited region, reduction of NH, produces a greater reduc

tion of aerosol NO l th<ln docs an equivalent reduction 01 

total NO,; in tile HNO,-limited l'egion, reduction of HNO, 
produces a greater reduction of aeroml NO, than does iln 

eqnivalent reduction of NH,. 
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2076 Journal ollheAJr & Was/e Manag<rnenl AssOClillion Volume 50 Oecember 2000 



A second departure from L.shapcd contours is evi

dent at an RH of 95% and temperaturcsless than -283 K, 
wh!;'r", particulate NO, concentration responds to HNOJ 
concentration even in the NH~-limltedregion (sec Figure 1). 

The departure of the NO) isopleths from vertical in the 
NH,-limited region at an RH of 95% implies that more 

r,:Oj eXists in the aerosol phase than woult! be the case if 
the isopleths were verticaL TIle shape of the NO, iSop

leths at 9S'l'f, RH closely resembled the sh~pe of is('plcths 
of aerosol liquid-water content (not shown), implying that 
the greater the liquid-waler content, the more gas-phase 

NO, can be brought into the aerosol phase. We also ex

amined NH,' isopli:ths, which do not deviate from the 
L-shaped patrern at an RH of9S%. The NH: isopleths are 

vertical in the NH,-Iimited region became essentially all 
NH, is found in the aerosol phase, so higher liqUid-water 
coment cannot bring in more NH] from the gas phase. 
These results illustrate the need for exercising caution 
when considering samples haVing an RH of 95% or more; 

in the example analyses described later, samples haVing 
an RH of 95% or more arc excluded. 

The second indicator of the tramitiul\ between the 

NHJ- and NOJ-limited portions of tbe isopleth plots is the 

ratio of particulate to total NO" The transition between 
the vertical and horizontal contours of particulate NO] is 

appro;r;imated by a value of this ratio of 0,9 for tempera
tures less than 293 K. At higher temperatures, a ratio of 
particulate to total NO, exceeding 0,9 conservatively 

demarks the region of horizontal isopleths (HNOJ respon
siveness). 

Example simulations in which SO.2_ con centra tions 

were varied for fixed total NHJ and RH are shown in fig

ure 2.lsoplcths for the other NHj concentrations (4,16, 

and 40 jJ.g/m') were similar in shape but differed in their 

specific locations, Negative excess NH] occured to the 

right of the line of zero excess NHjand delincated the 
region ofNHj limitation. In this region, decreases in to

tal SO/- concentration increased particulate NO, con

centrations by amounts that slightly exceeded (on a mass 

basis) the SO/" decreases. [n such SO/--rich systems, most 
NO] exists in the gas phase as HNOJ; removal of 50.'

frees NH, to react with HN0l' yielding aerosol N01 (re
actions RIS and R17). [n contrast, for excess NH greater

l 

than zero, changes in total SO/- have no effect on par

ticulate NO l . Such systems are SO/--poor and the excess 

NH, has already driven most of the Hl\'O) into tbe par
ticulate phase, so SO/- reductions cannot increase aero

sol NO) concentrations any further. 

Estimation of Uncertainties In Cah:ulllting the
 
Two Indicators
 

The variance in the ~stimate of excess NH, is the sum of the 
variances of the measurements that comprise excess NH] 

\t>1u-ne 5(] O.cemb.... 2000 
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(2) 

where units :tre UlfilOl/m')' (the factors of 4 appear for 
divalent )peciesj, If excess NH is approximated in terms 

J 

of SO,1-, NOy and NH.1 :ipecies only, the last six variances 

on the right side of the preceding equation arc dropped. 
If variances represent laboratory measurement precision 
rather than accuracy, the formula above giv~:i a lower 

bound. Letting R denote the molar ratio of particulate to 

total NOv error propagation methods ba)ed on Taylor's 
series expamions2~ give 

(3) 

where CV refers to the coefficient of variation (the ratio 
of th~ ~t~ndard deviation to the concentration). The un
certainty in the cumputed ratio becomes smaller as R ap

proaches either 0 or 1 and is otherwise dominated by the 
measurement haVing the larger uncertainty. 

APPLICATIONS TO FIELD PROGRAMS 
To illustrate the potential application of the indicator in
dices for NH,NO

J 
formation, data were obtained from the 

follOWing major air LjuaJity studies, all of which w~re car
ried out in California under the auspiccs of the California 

Air ReSOUfl'es Board and other sponsors: the 1988-1994 
California Acid Deposition Monitoring Program 
(CADMPj/"-J' the 1987 Southern California Air Quality 
Study (SCAQS\: ",H ttl~ 1990 San joaquin Valley Air Qual

ity Study (SjVAQS);"" and the 1995 Integrated Monitor
ing Study (IM595).l6..Jl These studies were initially selected 

because their databases included measurements of all spe

cies needed. However, the SjVAQS and summer SCAQS 

data were notused, since those mea5Urements were made 

when secondary particulate concentrations w~r~ gener

ally low. 
The SCAQS and IM595 were short-term studies, while 

The CADMP data cover a multiyear period. The 5CAQ5 

measurements were obtained with a 4· to 6-hr time reso
lution on 6 d;tys at six sites in the Los Angeles area: Ana

heim, Burbank, downtown Los Angeles, Hawthorne, Long 
Beach, and Riverside, The CADMP databasel~-J' provides 

a long-term record (mid-1988 to September 1994, with 

sampling once every 6 days) uf gas-phase species (NO~, 

NH" SO" and Ht\'O) and major inorganic constituent~ 

of both PM," and PM2,1 size fractions at 12-hr resolution 
at 10 locations: four in Southern California (Santa Bar_ 

bara, Long Beach, downtown Los Angeles, and Azusa); 
one in the San Francisco area (Fremont); two in the Cen

tral Valley (Sacramento and BakenfieJd); two in the Sierra 

Nevada (Yosemite and Sequoia National Parks); and one 
along the coast near Oregon (Galquet). The IMS95 data 
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0180%, and lour temperatures. 

include extensive, short-term .measurements with a 3-hr 

time resolution on 10 days in Dcccmbcr 1995 and Janu

ary 1996 at four core monitoring sitcs in central Califor

nia. The sites were in Bakersfield and Fresno, the tWO 
largest cities in the San JoaqUin Valley, and the Kern Wild

life Refuge and Chowchilla, which are nonurban locations. 

Previous studies have shown that the concentrations 
of the gas and aerosol phases of most SCAQS lampies """ere 
l'Ollsistent with thermodynamic equilibrium. ll.,. However, 

many summer SCAQ5 samples from Long Beach were not 
at equilibrium," am! measurements (not used here) from 

2078 Joomfl/a( l!Ie Air & WasleManag<'rn91t AsSOCiation 

San Nicolas bland, located -100 km offshore, were also 

not consistent with thermodynamic equilibrium. '" In the 
prelent study, only the winter SCAQS data are used, and 

no data are used from San Nicolas Island. The SCAQS PM 

concentrations .....'ere higher during winter than during 

summer, so the winter samples are of more interest from 
a regulatory perspective. The better agreement between 

SCAPE-predicted and measured gas-aerosol partitiom fur 
winter than for summer SCAQS 5ampll'~ is prob<lbly be

cause the winter samples were more concentratedJ" ilnd 
their relative measurement uncertainties were lower. The 
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deviations bem'een predicted and measured values for 

some samples were such that more aerosol NO, was mea
sured than predicted, which has been attributed to varia

tions of temperature and humidity \~·ithin the 4- to l-hr 
periods during which SCAQS samples were collected, and 
possibly to the presence of supersaturated water:'" The 

measured and calculated concentrations also showed bet

ter agreement for PM~! than for PMlO'J' which may be a 
consequence of longer equilibration times for larger par
ticles.12•.lII Only the PM>! l/lcamrements are used in the 

present study. 
SCAPE2 was used here to calculate the equilibrium 

partition ofNO
j 
and NH; at all CADMP and IMS95 sites, 

as has been done preViously for the SCAQS data.'" Only 
data that were not flagged in any way a~ 5Il5p~Ct and that 

.also had accompanying meteorological measurements 
were used, The inputs to the calcniation were tempera
ture, RH, the measured total NO] (denuder-difference 
HNO 

j 
plus the particulate NO] downstream of the de

nuder), total NH; (NH plus particulate NH;), SO/-, Cl-,
J 

Ca'., Mg2', Na', and K' concentrations. All aerosol mea
surements were taken from the PM2.., portion of the data. 

For each sampling period (3- to 12-hr duration), meall 
tcmp.:ratures and d('w-point temperatures were computed 
from which the mean RH was determined. 

In each case, the output of the calculation was a pre
diction of the partition between the aerosol and gas 

phases, For nearly all samples, the differences between 
predict~d and actual partitions were not significantly 
greater than measurement uncertainties, which varied 

from -1 to ] 0 ~g/m " depending on species and concen
tration. The measurement uncertainties were estimated 

from the replicability of two collocated samplers, which 

docs not reOect possible measurement biases, but does 
provide some indication of the potential significance of 

the deviations between predicted and measured values. 

Filter_pack measurements ofaermol NO., and HNO] arc 
known to be biased low and high, respectively, due to the 

temperature-dependent dissociation of aerosol NO, on 

filters aftel collection.",J" Conversely, the CADllP de
nuder-difference HNO measureJnents arc thought to be 

J 

biased low, though the total NO] concentrations are likely 

accurate."!,Jl ..'" When sampling replicability ilnd possible 

bias~s are considered, the eqUilibrium assumption is not 

refuted for the CADMP data. 
For IMS9S data, the largest deviations between pre

dictions and measurements were associated with samples 
haVing RHs in excess of -95%. During IMS9S, many days 

had some illllount of precipitation, and RHs greater than 
-95% were usually associated with illg or rain. When fog 
or cloud droplets are present, the total NH, and NO 

j 
con

centrations determined from the gas and <leroso] phases 

cannot be assumed to accurately reflect <Iqueous-phase 
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concentrations, since mas I fog, elond, or rain droplet, 

would be excluded by thc P~l,o and PM2.~ cut points of 
the samplers. The equilibrium a5sumption was not refuted 

for other samples. 
For all data sets, samples ha\ing RHs exceeding 95C)f, 

were excludl"d from subsequent calrulations. As preViously 

noted, the SCAQS summer data were also e;>;c1uded./n ad
dition, samples haVing aerosol NO, concentrations of less 
than I flg/mj or aerosol NH.+concentrations of le~s than 

0.3 j.Jg/m' we!C not subsequently analyzed, ilS such low con
centrations are of lesser interest and approach th0 lower 

quantifiable limits of the laboratory measurements.'"" The 
number of samples for cach site and their mean con("('n

trations of selected spt>cics arc 5ummarized in Table 1. 

Criterion of Equilibrium 
It is expected that more routine application of th~ meth
ods describ~d earlier would be carried oul without con
comitant application of a thermodyndmic eqUilibrium 

model. Th"refore, it 15 desirable to have available a data
driven method for characterizing the adequacy of assum
ing th~rmodynall1ic equilibrium, An indicator of 

equilibrium (Co) may be computed when 5ize-segrcgalClI 

data are avallablc J2 

lJp..... 

C•• = 1- (1/2) JIMn(Dp)/M,,' -M/D)/M; I dD (4)p 
0.0.\ 

where D is aerodynamic particle lIiam, M" is moles of 
f 

NO], and M a is moles of NH;. The C." Is determined by 
integration oYer the size rangc from O.OS pm to Df,w where 

Dp,.... is the size beiow which the number of moil'S of Na+ 
is less than one-tenth the number of moles ofNH/,'2 The 

C..,varies from 0 to 1 and characterizes the degree of simi

larity in the sile distributiotls of NH; and NO, (the value 
of 1 is obtained (or identical size distributions). It serves 

as an indicator of equilibrium based on the finding that 

Ihe size distributions of NH; and NO) must be the same 
for equilibrium to prevail. '< 

For the winter 5CAQS samples, Illost of the C,", valucs 

excl'"ded -0.8, indicating sample~ close to equilibrium." 

No Size-segregated samples wer~ availabl(' in the CADMP 
data. In thl' IMS95 study, 12 samples, each of 12-hr dura

tion, wcre obtained at Bakersfield u,ing a micro-orific~ 

uniform J~posit impactor (MOUDI),2 haVing 9 jize ranges. 

A discrete equivalent of the C"" equilibrium ,'ndicatorLl was 
computed, yielding values of 0.94---0.98 (indicating ll('ar

equilibrium conditions) for 9 of the 12 samples. The re
maining three samples, which had the lowest 

concentrations of particulate NO 
j 

and NH;, had imlica
tor values of 0.88, O.7I, and 0.52. Although the latter two 

atc suggestive of departures from equilibrium, mcaSUTe
mentuncertainties exceeded the recorded concentrations 
Oil about half th(' size ranges (aerosol NO] con(elltrations 
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Table 1. Mean concenlralions 01 selected species. by networ~ and sHe, for samples used in the analyses (see te~l), 

Network Sile' Sample Collecllon Sample Number 01 Mean Concentration (J-lutml 
) 

Period Duration (hr) Samples 
HNO I, NH, NO', NH·• 

SO~, 

IMS95 Bakerslield Dec 95-Jan % 3 34 1.5 59 15.9 53 1.5 

Fresno Dec 95-Jan ~ 3 17 1.7 5.a 16.3 V 13 

Kern Wildlife Dec 9S-Jan ~ 3 14 7.1 4.9 20,5 sa 1.1 

Chowchilla Dec95-Jan % 3 11 1.1 6.1 165 53 I.' 
CADMP 

""~ May BB-Sepl 94 11 161 61 53 5.0 1.5 39 

Bakmsfield Ma~ BB-Sept 94 11 129 35 138 14,B 4.3 31 

Fremonl June B8-Sepl 94 11 115 1.7 4.1 9.1 1.1 19 

Los Arogeles Ma~ BB-Sept 94 11 263 7.0 6.3 5.0 15 40 

Long Beach May B8-Sepl ~ 11 m 42 5.7 7.9 1.5 42 

Sacramento Del B8---Sepl94 11 51 1.1 95 60 1.' 1B 

sanla Barbara Apr BB-Sept 94 11 16 1.7 1.7 4.5 1.a 41 

SequoiaN,P. Ma~ BB-Sepl 94 11 7 1.1 1.4 35 09 1.4 

Yosemite N,P. May BB-5epl 94 11 3 OS 39 34 oa 1.1 

SCAQS Anoheim Nov a7-Dec a7 4-6 15 10 91 346 14,9 4.5 

Burbank Nov 87-Dec 87 4-6 17 73 70 2a.9 11.0 4.1 

CentrelLA No~ 87---Dec 87 4-6 15 1.a 7.7 31,5 11,9 50 

Ho\lllhorne No~ a7-Dec 87 4-< 15 1.1 7' 24,4 9.6 5.a 

Long Beach No~B7---DecB7 4-< 15 1.6 60 111 101 4.a 

RiverSide No~ a7---Dec 87 4-< 17 0.3 38,0 32,3 17,6 40 

'CADMP slleel Gasquet had nosamples with aerosol NO) e~ceeding 1J1g/m): IBy denuder difference lor IMS95 and SCAQS and by lmer-pock for CADMP; 'Denuded lor IM595 and 

SCAQS: nondenuded lor CADMP: 'Denuded lor 5CAOS; nondenuded lor IMS95 and CAOMP. 

were less than 0.4 I-lg/m1 on all size ra~ges of the sample and generally exceeded 0.9 for particulate NOJ concen
with C." = 0.52). Thus, measurement errors, rather than trations in excess of 10 ).Ig/ml • These analyses agree with 
departures from equilibrium, might account for the lower theSCAPE-predicted partitions and the MOUDf-based C"" 

indicator values. While PM,-" rather than MOUD!, samples values in indicating that most of the samples were close 
were used for subsequent analyses, the MOUD! data do to equilibrium. 
reinforce the need to restrict data analyses to samples for 
which measurement uncertainties are not greater than the The Limiting Real:tants 
recorded concentrations. As previously noted, samples hav Two approaches were used for identifying which reactant 

ing particulate NO, concentrations of less than 1 ).Ig/m' (Hl\:O, or NH,) limited the formation of aerosol NO,. First, 
were excluded from analyses. SCAPE2 was used to predict aerosol NOJ concentrations 

Computation of the C." indicator reqUires size-differ after either total NH., or total NO., concentrations were 
entiated samples, which typically are not available. A sim reduced. These predictions were compared with current 
plified version of C." is next considered here, calculated aerosol NO, concentrations, as predicted by SCAPE2, to 
using concentrations from the PMZ,\ and PM,o size frac determine the aerosol NO) reduction. Calculations were 
tions. The speciated PM2.5 and PMIQ concentration data made for mass reductions of either total NO) or lolal NH J 

from the SCAQS were used to compute the value of the of 10, 20, and 40%. Second, excess NH) (as previously 
simplified C."' which was then compared to published defined) was computed for each of the monitoring loca

values of Can for the same dataY Although the correla tions in each dalabase using the PMz..1 size fraction mea
tion was modest (r2 = 0.41), both C." and the simplified surements of ull inorganic species and the Jl\l'a~urements 
version tended to exceed a value of -0.8 together or to of the gas-phase sp~cies, HNO" and NH

j
. Measurement 

fall below that value together. l.acking other means for uncertainties were also used to compute an uncertainty 
evaluating the equilibrium assumption, computation of in each value of excess NH

j
. 

the simplified Ca" could be used as a screening test, with The results indicated that the majority of samples 
values less than -0,8 indicating samples for which an eqUi had excess NH exceeding zero (Figure 3). The model

l 

librium apprOXimation might be inappropriate. Surrogate predicted fractional NO, reductions, also shown in fig
C." values were computed for the CADMP and lMS95 sites ure 3, are the ratios of the decrease in aerosol NO] to the 
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Flglire 3. Fractional reductiOll in aerosol NO, following reduction 01 erther 100ai NO, or lola! NH, vs, excess NH, lor data trom lhe SCAOS, IMS9S, 
and CAOMP SITes, The decreases in aerosol NO, were computed by epptying SCAPE2 10 the available data (base case) and comparing lhe 
predicted base-case aerosol NO, to the aerosol NO, lhatwas predicled afler reduCing eITher lhe lolal NO, concenlratlon (HNO, precursor reduction) 
or lhe Iota! NH, concentration (NH, precursor reduction) of eaCh samp'<l by 20% of ITS base-case value. T~le 'ractlonal reduction is base-case NO, 
concentration minus reduced·precursor NO, cencenlretion, divided by base·cese NO, concenlration, The CADMP dala are splil inlo temperatures 

belOW' or above 290 K. 
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base-case total NO} concentration (base-case NO] con
centration minus r('duced-precursor NO1 concentration, 

divided by base-case NO) concentration), Since a frae
tion<l! NO reduction .....as computed for each sample by

l 

running the model with redw.:ed concentrations of ei
ther total NH] (precursor decreased: NH,) or total NO

J 

(precursor decreased: HNO,l, the outcomes of the two 

different precursor reductions may be compared. The 
modd prcdictcd that the majority of samples having 
positive excess NH, would show greater reductions of 
aerosol NO if total NO, rather than total NH, were re

l 

dU(l;'u (see Figure 3). The results for 10 and 40% reduc

tiuns of total NO] or total NH] arc qualitatively similar 
to those shown in Figure 3 for 20% reduCtions. 

The CADMP data im:ludc more ~ample~ and more 

~ites than do the 5CAQS or IMS95 data (see Table 1). The 

CADMP data also exhibit a greater range of temperatures 
(272-303 K, mean 289 K) and RHs (13-94%, mean 51%) 
than do the data from 5CAQS (281-299 K, mean 289 K; 

RH of 26-93%, mean 60%) and IMS95 (276-290 K, mean 
283 K; RH of 41-95%, mean 79%). The greater number of 

samples and larger range of conditions lead to more vari
ability in the results for the CADMP samples (see Figure 
3). In part, ~ome of the variability is attributable to mea

surement uncertainties: among all three data sets, the stan
dard deViations of the measured exeess NH, (eq 2) were 
typically in the range 01 0.05-0.2 flmol!mJ. However, some 

variability is also related to temperalure and RH condi

tions. The CAD1I.fP data arc splil inlo temperatures below 
or above 290 K to jlJu~trate the dfeCt~ of temperature (see 

Figure 3). At temperatures bdow 290 K, the distinction 

between model-predicted NO) reductions follOWing either 

NH) or HNO, precursor reduction i~ ~harper than at tem
peratures above 290 K (~ee Figure 3). A~ previously dis

cussed, the distinction between the NH}-limited and 

HNO,-I imited regi riles is 1I0t a.~ ~harp for temperatures of 
293 and 303 Ka~ it i~ for temperatures of 273 and 283 K 
when RH is les, than BO<}h (sec Figure 1). 

The transition between NHJ limitation and Ht\0J 

limitation occurred when e.'(ce~s NH) was zero in the 

model simulations (see Figure 1), At the transition, re

duetions of either precursor reduee the aerosol NO, con

centrations with approXimately equal effectiveness (see 
Figure 1). [n the ambient SCAQ5, IM595, and lower-tem

perature «290 K) CADMP data, the fractional aerosoll\'O, 
decrease occurring when total NO, was reduced was ap

proximately equal to that occurring when total NH~ was 
reduced for samples with excess NH, of -0 to 0.1 flmollmJ 

(see Figure 3). For CADMP data with T <: 290 K. tlle vari

ability of the results in Figure 3 prel:1udes identification 
of a definitive value of excess NH, at which the precursor 

reductlons yielded equal NO] reductions, though the 
equal-reduction value nearly always oCLurred [or excess 
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NH, in the range of -0 to O.2I.unol!m'. Thus, in all data 

sets, the transition between NHjlimitation and HNO, I1mi
tation occurred for samples haVing values of excess NH, 

slightly above zero, rather than at zero. The small differ
ence may be an artifact of our calculation of excess NHJ, 

which excluded HCl, for which measurements werc Ull

available (see eq 1). 
The consistency between the model predictions and 

the value of excess NH j may be evaluated quantitatively 

as follows. We define samplcs a~ NH,-Iimited when ex
cess NH, is less than zero, as HNO,-limiled when excess 
NHJ exceeds 0,1 jJ.mol/m', and as transitional for ex

cess NH, of 0-0.1 flmol/mj (Table 2). The' transitional 
region represents the samples for which reduction uf 
either precursor reduces particulate NO j concentrations 
(it is not symmetric around 0 because our values of ex

cess NH, may be high rJue to the absence of HCI data). 

The model predicted that 39 of the 40 NH,·limited 
samples \"oulll show greater reductions of aerosol NOJ 

whell NH, was reduced than when total NO was re
J 

duced (see Table 2), It also predicted that 167 of the 
168 SCAQ5 and [MS95 HNO ,-limited samples, and 931 

of the 986 CADMP HNO,-!irnited samples, would show 
greater reductions of <lerosol NO) when total NO" was 

reduced than when total NH was reduced (see Table 2). 
J 

The e.'(cess NH,criterlon was, therefore, higlily consis
tent witll model predictions. 

Of the 25 transitional SCAQ5 and IM595 samples, 21 

were HNOJ-Iimited, so for thme two studies, the transi
tion between the NH,-limited and HNOJ-limited regions 

was vety sharp at zero excess NH), However, the greater 
variability observed in the long-term C,\J)MP data set may 

be more typical of ambient measurements than the lesscr 

variability of the short-term SCAQS and 1:>1595 llat~1, so, 

in general. it is more appropriate 10 usc the execs, NJ-i; 

criterion to divide the data into three subsets, which in
clude a set of transitional values, The largesl group 01 

misclassifications were the 55 CADMP samples with ex

cess NH exceeding 0.1 flmol/mJ that were predicted by 
J 

the model to show greater reductions of particulate NO) 

in response to NH, reductions th,m in response to HNOJ 
reductions, However, 40 of these 55 samples had aerosol 

t\'Oj concentrations of 5 flg/m' or lCH, and all I\Jd pre
dicted NO, reductions less than 0.4 jJ.g/m J (temperatures 

\"erc 288-302 K and the RH range was IB-G5'Ji'1, so most 
had concentrations close to the levels of measurement 

uncertainty. III comparison with model predictions, the 
overall excess NH rnisclas~ification rate was less than 5'>t..

J 

In the 5CAQ5 database, excess NH, was cunsistently 

positive at Riverside, exceeding about 1 flmol/mJ over a 
wide range of particulate t\'0.1 concentrations. [n contrast, 

excess NH I was negative over a range of particulate NO" 
concentrations at Burbank. Thus, Riverside h·<iS generally 

Volume 50 Oecember 2000 



Table 2. Comparison 01 aerosol NOl precursor limitation pltllicied ~y me I~elmo

dynamic equilibrium model and by the criterion 01 e~cess ~1H1' 

E_un NH~ [fimol/m~) 

Study Model lHl.l ",0.1" Preditlion' INumber 01 (Number 01 (Number 01 

S~mpleliJ Samples) Samples) 

SCADS 1 1N", 
HN0 " 0 9 991 

IMS95 NH, 10 J 0 
HNO 1 11 68I 

CADMP NH 16 53 55 
.1 

HNO 0 61 931
j 

'The precursor whose reduclion led to the larger reduction 01 aer~ol NO)" 

NH,-rich while Burbank was usually NH,-Iimiled, The 
other SCAQS sites showed a mix of conditions. Mmt of 

the CADMP data showed only positiVe excess NH and
I 

no evidence of NH) limitation. Mo~t of the [MS95 mea
~urements had positive excess NH j concentrations; about 
one-third of the samples from Kern Wildlife Refuge had 
near-zero or negiltive excess NH.,. For the IM.595 data, ex_ 

cess NH, determined for the 3-hr samples was compared 
with excess NH J computed after aggregating the measure

ments to 24-hr averages. Excess NHJdetermined from each 
24-hr average reproduced the mean of the exces~ NHJ 

computed from the constituent 3-hr samples, but did not 

renec! the full range of variation, 
Our computation of excess NH) used all species listed 

in eq t except HCI (for which no mea~urement~ werc 

available). Other databases may lack measurements such 

as aerosol Cl-, Ca~', Mgl+, K', or Na". We recomputcd ex

cess NH, without these five species and obtained values 
nearly identical to the excess NH concentrations used

J 

here. For example, the 1116 CADMP measurements 

yielded a regression of the full excess NH, (eq I, without 

HC!) against the recomputed excess NH), haVing param

eters as follows: full excess NH.,= 0.019 + 0.997" recom
puted values, r2 = 0.996, Thus, the mean difference was 

less than 0.02 fig/m'. For application to typical PM.,! data, 

five measurements, therefore, suffice for computation 
of excc~s NHJ: aerosol NH; plus gas-phase NIi, minus 

the sum of HNO, (gas), particulate NO" and particulate 

sot roncentrations. 
Samples were also classified as NH,- or HNOJ-lim

iled using the ratio of particulate to total NO]' Samples 
having ratios of particulate to total NO, in excess of 0_ 9: 1 

showed model-predicted fractional aerosol NO, decreases 

that were 5ubHantially greater when total NO) was re
duced than when total NHJ was reduced, Conversely, 

for riltios of particulate to total NO, less than 0.3: 1-0.5:1, 
the model-predicted fractional aerosol NO decrea~es

J 
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were greater for reduction of total NH J than for reduc

tion of total NOy 

CONCLUSIONS 
The response of aerosol NO) to changes in concentraciom 

of HN0l' NH , and HISO. was invrstigated using a ther
J 

modynamic eqUilibrium model, Over a range of tempera
tures (273-303 K) and Rlis (20-95%), two parameters were 

found to proVide sufficient information for indicating the 

qualitative respome of <lcrosol N03 concentrations to 
changes in concentrations of tile gas-phase species, The 
first paramCler is the exce~s of aerosol NH; plus gas-phase 

NH) over the sum of HNO, (gas), particulate NOl , and 
particulate 50/- cOllcentrations. The second is the calio 
of particulate to tolal NO) concentrations. Computation 

of these quantities from ambient measureme.nts provides 
a means to rapidly analyze large numbers of samples and 

identify cases in which inorganic aerosol NO, formation 

is limited by the availability of NH,. 
For application to any specific ~ituation, the accu

racy of assuming equilibrium should be asses~ed. Proxim

ity to equilibrium may be evaluated by showillg agreement 
between the predictions of a thermodynamic equilibrium 
model and measurements, or by using an indicator ra

tio, '2 which requires size-fractionated measurements. 
\Vhen neither of these approaches can be carried out, 
computation of the equilibrium indicator ratio using only 

PM", and PhlB NOJ and NH/ concentrations proVides 
some indication of departures from equilibrium. 

Computation of excess NH, reqUires accurate mea

surements of total NH, (NH:, gas and fine-fraction aerosol 

NH.·j, lotal NO) (HNO
J 
gas and fine-fraction aerosol NO.1), 

and aerosol 50.1-. Computation of the ratio of aerosol to 

total NO, reqUires accurate measurements of HNO, gas 
and aerosol NO

j 
While computation of excess NH., re• 

quires more meJsurements than does the computation 

of the ratio of particulate to total NOy excess NH, was 
the more reliable indicator according to simulation re

sults and example applications. Measurements of tempera

ture and RH are reqUired to confirm the applicability of 

the criteria to specific cases. Measurements of r-:O, and 

NO 
y

' though not reqUired, could prOVide useful ~uppOrt
ing information, 

The indicator approach has been illustrated using data 
from three California field slUdies, Limiting precursors 

were identified using both the indicators and a thermo

dynamic eqUilibrium model. The cwo methods yielded 
consistent results, and the majority of samples examined 

did not show evidence of NH, limitation. 

ACKNOWLEDGMENTS 
Support for this work was proVided by the Western Slates 
Petroleum As~ociation. 

JoI.Jtnal ollheAir & Wasle Managfnlerl/ ASSOCoJ/OO" 2083 



Blanchard et al. 

REFERENCES 
Schwartz, J Air Pollulion amI Daily Morlalily: A Ilevitw b'ld M~ta_ 

analv,i,; Em'''m. R~,'. 199~, 64. 36-52. 
2.	 Fairley. D. TIle Ilelbliornhip of Daily Mortalily 10 Su,ptnl1ell Pb,liCU

lalelln Sanla Clara County, 19B()...1 9B6; Envirun. Heal/II P~'P<',t 1990, 
M.159_16B. 

3.	 Srhwallz, J.: Doc~ery, D.W.; "eal. L.M. 15 Dally Monalily AI""cbl""" 
Spel'ilirally w,lh Fine rarlicl~s? f. Air"" Wa,u M,m~g~. A,,~'. 1996, 
46. 9Z7·9~i9. 

~. Chuw, J.e.; Wallon. J.G., wl"enlhJ/, D.H.; Solomon, P,A.; Magliano. 
ICL.: Limon. S.D.; IlkhJrd', L.W. PM,o Source ApponJomuenl in 
Call1omia·~5auJOiIquinValley; Armm. Environ, 1992.26.4..3335-3354. 

5.	 Chow.J.C, Wal}OIl./ G.; l<J ....~nlhal. D.H.; Solomon, P.A.: Magliano. 
K.L.; liman. S.D.; Ril"ha,dl, L.W. PM,. and PM,., Compmiliom in 
CalifOlnia·~ S.'n/oaquin Valley: AerQ,nl Sd. Tedmnl. 1993, 18, 105
lZH. 

6.	 Selnf~l<L I.H.' I'amll" ~.N. A",wIplieric CI,emiury ~"d 1'I')"Iics; Fro'" 
Air PoJl/uUon fU Cli'/I"I~ CI,o"J~; WiI~y: l':ew Yor~, 199H. 

1.	 M~"g, Z; Dabdub. D.: Sdn(c1d. j.H. Chemkal Coupling I.>elwt~n ,\1
mmphe,icOz'lne onll Parliculale Mall~r; 5d""" 1991, 277. 116_119. 

~.	 Sillma.., S. TIle U... of t\Q ,H Q,; H"O al lndicalorl for Ozone_NO,_ 
Hyd'<Jo.-~r~,,:m S"l1.ilivily:n Drban Lo~alion,; l- G,opllys, Res. 1995, 
1I)(J.1417S_HISS. 

9.	 W.Lt".m, I.G,; Chow. J.C; Lurmann, EW.; Mmarr~, 5.1'. Ammonium 
Nilr~I"; :-:itri( Mid; Ammonia Equilibrium in Wintertime Phoenix, 
Arizona; j. Air & IV",le Mm,age. Am", 1994.44, 40S·412. 

10.	 Amali, A.S.; Pandil. 5.N. Re'pomeo! Inorganic PM to Precurlor Con
c<.'ntration,: En""",- Sci. Technol. 1998,32, 2706-2714. 

11.	 Martens, CS.; Wesolowski. J.J.; Harri', R.C.; Kaifer, R. Chlurine Lo,s 
from Puerto RIcan and San Frandsco Bay Area Marine Aew,oll; 
l- Ceophys. Re,. 1973. 78, 11778·8791. 

12.	 Wexler. A.S.; Seinfeld, J.H. AnalYlis of AelOlol "mrnonium Nitrale: 
DI'parlurel from Equilib'ium durin~ SCAQS; AtmO-'. Enl'irun, 1992, 
26A,579.591. 

J3.	 Gard, E.E.; Kleeman. MJ.: Gro". DS; Hughe" LS.; Allen. J.O,; 
Morrical, B,D.; Fergemon, D.P.; Diene', T.. Galli. M.K.:]ohmon. TI,/.; 
Ca", G.R.: Prather. K.A. biterl Ob,en-·Jlion of Helewgeneou, Chem
istry in Ihe AtmO\pher~: S,;t"'~ 19\1B. 279, 11 B~_1187 

14.	 Olll~y, I',j.; Ilarrilon, R.M. The 5pJI Jal !Ji'l ribulk.o and PaJlirle Sile 
of Some Inorganic Nitrogen: 5ulphu<; Chlmi ne .~I"'cie, ow, Ihe ,,"uflh 
Sea; Almo>. Emirr"', 1992. 2M. 16B9_1&99. 

15.	 Finnlay",n-l'il tl, B.: Pil Is. J. 111"'''.'p!,~,; .. 0",,,,,,1')', {,,,,,I,,,,,e,,wI> "",I 
uperimml,,1 Tedr"iq~~I: ~'Y'iley, };ew Yor~. 19B6. 

16.	 Iliidemann, L.M., Ilm<ell. A.G.; Cass. G.TI. Ammo..ia and Nilric Acid 
Concentration., in EquWblium Wilh Alm(Jlpheril" MrolOIl: E.~peri
m~1ll ~ Theory; AtmO-'. Em-iron. 198-1. 18. 1737·1750. 

11.	 Lormann, F.W.; WnJN, AS: l'a"oJ;;. S.".: Mu'arra. S.; Kuma" ~.; 
5elllfeld. ).H. Modelling Urba.....d Regiaual M'mah: II Applica
lion to California', Soulh Ca." Air B~,i ..; Almo,. [n"i,o,," I'J'J7, J I, 
2695-2715 

18.	 Menl(, Z.; Oahdub. D.; Selofeld. J.H. ~ize·Il.~';Olv~d and Chemically 
1l~\Olved Modd of Almo'phNlc Aerm,,1 Oy..amic>; I. G~ul'/JYs. R~s. 

1998,103,3419-343S. 
19.	 Jacobson, M,l.; Tabazadeh, A.: TutC", R.1~ Simubli"g Equilihrium 

within Aerosol' and I\onequil'lbrium bNween Ga'e' Ami AewlOl,; 
,. GroplJy>. Re,. 1996. 101, 9079-9091. 

20.	 Lu, Il.; Turco, R.P.;Jacob'on, M.Z. An Integrated Air l'oilutLon Model
ing SY'tem for Urban and Regional Scales: I. Structure and Perfor
mance; ,. GflJplJ)",. R~l, 1997, 102, 6063·6079. 

21.	 Chlllki n, L. InWul Ammulli" Im'emory (or rfle Sail /oo,/"ill l'~lIey; Tech
nical Support Study IS; Calilol'lla Regional PM,. Air QUJlily Stud,-; 
CaiJfornia Air RCloulc<.'1 Board. Technical Support Division: SJtTa
mento. CA, 1996, 

22.	 Pilini" C; 5emfeld. J-11. umtinu""" Developmenl 01 a GClleral E~"i· 
librium MOliel for Inorganic Multicomponelll AtmospheriC ,\om,ol" 
Armos, Errl1nm. 19117, 21, 2453-2466. 

23.	 Kun, Y.I'.; Seinfeld,).H.; Saxena, 1'. AtJnolpheric Gal-Aero,ol [quilit>
rium I. Thermodynamic Model; Aerulu! S<:i. Ter'lmo!. 1991. 19. 157_ 
IB J. 

2~.	 Kim, Y.P.; 5einfdd.J.H.; Saxena, P. Alm'l'ph~rlc Gal-i\tro<oIIAuiht>
rium 11. Analysis o( Common Approximalion, and Acmi\y C""U,_ 
denl CalCUlation Melhod~: AerosuIS,,-i. Teo/mol, 1993. 19. 11l2-19l!. 

2S.	 Kim, Y.I'.: Seinfel<J, ).H. AlmOlph~rlc GaH\~ro,ol Eq"ilibrtum III. 
Thermodvnamic' of Cru'lal Elemem, Ca'·; K'; Mg'·; AtfO-'ol Sol. 
Techllol. t"995, 22, 93_110. 

26.	 Meog, Z.; Sdnfeld,].H.; Saxena, P.; Kim, Y.P. Atmo'pheric Gas--Aeru.
'01 EquilibriUm IV. Thermodyoamic> of Ca,h"n31e', Arralol S" 
];.111101.1995,23,131-154. 

Z7.	 M~ol(. 7..; $~mfeld, PI.; $a"ena, P; Kim, Y.P. Ga,r\ermol Di<lribu
lion of Formic and Ac<.'tic Acid,; Aero'ol Sci. T~dJlwl. 1995. .!3, Sol
Si/). 

2B.	 Bevington, P.R.; Ilc>bimon, D.Ii. 1J<Jr~ Redumoll and Error 04",,11"" for 
rllf Phy>ic,,1 5e"",...'. 2nd ed.: M,C,aw-HiIL N~w York. 1992. 

29.	 Wmon. jG.: Ch" ..... j.C.. [gami, R.T.; Bowen,j.L.; Frazier. CA; Genler, 
.... IV.; Lowenthal, D H., Fung, K.K. Me""""",mrl o(Dry [Jep"-,iciu,, Pn_ 
,,,mere,, (u, ,I,~ C~li{i;mi~ ,1('hi D"f""irion MOllitorillg hugr"",: Co,,
I'Jl"1 No. ,\6_016_32: CaMorIlia Air Resource' Boanl: Sacramenlo. CA. 
f991 

30.	 Blanchar<J. e.L.; Michael!, H.M. ReXio",,1 E,ti",aleI ~(Acld Depolirio" 
FI,...) i" C()Ii(Qmi~: Comract No. A132_J49; Caliiomia Air RelOurn; 
BO~rd: Sacramento, CA, 1994. 

3 f. RIJochan:J, e.l.. Michaels, H.M.; Tanenbaum, S. ReXio"ol EIUm~l", o{ 
Acid Depa,iriall Flux", in C"'i(umi~ (or /985-1994; Canlracl 1':0. 93
~32; C'lilmnia Air RelourceJ Boord: SacramenlO, CA, 1996. 

32.	 l:!WIll", D.R. TheSoulhem California Air Quality Study; I.Air& l\'~,le 

M""".f" A,,,,,. 1990.40.156--165, . 
~~.	 SOlllh~m C~mornia ,\ir Quality Study. Data Anal,·,i'. In Proce<'<I",S' 

ofw,I"I~nwriu""15p.'d"'tyCn"frr",ce, [o,Allgele" Cali/omia. lulr 1992; 
A&WM,\: !'ittsburgh, PA. 1993. 

3-1,.	 PI~"nins ~nd AI"""Si"S Resi""ul Ai, (~"a;;ey MiJ(leling ",:d Mra~II"·"'WI 
Silidiel: A P""pccti"e rilro"xll Ihe 5"" /'J<lq"i" \",'Iey A" Qr",I,1y 5r"d)' 
",,<1 AUSI'EX; $nlomon, 1'.A., Silver. T.,I,. Ed,; lewL\; Boca 11.110", fl. 
199~. 

3S.	 Chow. 1.C; WO"<>n. J.G.; Lu. Z,; Lowenlhal. D.I[.; Fra!ler, C-A.; 
Solomon. I'.A.: TI'ulllie,. R.H.: Ma~liano, K. Delail'ti"e '\nalY'il of 
PM" and PMlD~,llc~LonallyTIel-'"·,,·nt,,li"e l.ocat,onI durillg.'jVAQS/ 
AUSPEX: ,11"'0'. E"v",,,,. 199.~. om, ;:0;9·2112. 

36.	 Solomon.!'.A.; l-t'gli'no. K.L The 1995-Iol,·pated ~l<Jnilon"g_~lucly 

(IMS95) 01 lh~ Calif[o!lli~ R~givn,lI PI,IIO'PM" Air Q~'l",-~Siudy 
(CRPAQS), Siudy OverView: Ar"m,. [""'/11'1. 1999, JJ. 4i~7~, S6, 

31.	 Magliano. K.L; Hughes. \'.M" Chlnkln, L~ __ Coe. 1)L .. H""~, T.L.; 
Kumar, N.; Lurman", t.W. Spallal and TemJX',ai \"~ri"liolll in PM,. 
and I'M" Source ContTibuliulll,lnd C,)mp."jlorl lO Fm",wlll dur_ 
ing the 199~ lniegrJ\ed Mo:>nilorlng St"dy; ;Hmo,. ["w"",- 1999. 33, 
4757_4173. 

38,	 Meng.l.: 5cinkld. j.H; .~"co'" P.• Kim. V.P. COJlI,iulllion of Waler 
10 Particula\c Mass in eh" Soulh UJall,'i, Ha;ln: ,Ie"""i Sci. Ted",,,I. 
1995. .!.!. 111-12J. 

39.	 Iltllng, S,~·.; I.a",·,o ... D.R.; ,>'Jiegrini. I.; Feuu, A.: Perrino. c.: 
I'o"amioi. ~t; Slc~fc'.lE.. 11; Anlauf. K.G.: Wi.l.>e, A.; Ap~l, B.Il.; 
)01111. W.; O"do. J.; Waif. S.• Braman. R,S.; Sutton, R.: Call, G.R.: 
Sofum".. , r.A .. i::.ltOLtglt. ll.].; l-:Ill,. E.C.; Glmj,'"n, D.; Hicks, B.n.; 
Womack, j.[); Ilorroc:~" ].; Knapp, K.T; fllellad, T.G.; Pam, Il.J,; 
MitChell. W-j.; Plea'J,It. 10.-1.; !'~J~~. £.; Macl."an, A; Pierson. W.R.; 
Ilra,hacrek, W; Schiff. H,I.; "·I",lay. G.I.: Spl<:er, C.W.: SI~dman, DJ!.; 
Winer. A.M,; Bierman, H.W.; 1'U3-20". r.C- The t\itnc Acid Shootoul: 
Field Compa"~on of Mea,urement MelhodJ: Almu,·. E,wiN"'. 1988, 
22 (B), 1S19-1539, 

~O.	 Tnawn, E.e.; Blanchard, CL.; IJeClllg. S.V.. Luca.', D,; Mackay. G.l. ,} 
RC>'iew of Nim, Acid MellllrM"~'1!5 !Jy T,,,,,,iJ1,, Di",!e ["S'"' AblorplioM 
spn·rnJlcnpy (T[)lA~l; Contraci 1\0. 93-3~O; Calilomi" Air Relourcel 
Board: Sacramento. CA, 1995, 

41.	 Wallon. J.G.; Chow.J.e.; Lu, Z.; Genler, i\.W. 1'~"jc"I"1f ,,"d C"-",,,,,, 
O,g""ic Receptor Mude!;,t~ for rile Sc",rll~m Calif""';" All Q""lily Swdy; 
Conlracl 1':0. A8.1Z-JJ2; CaJifomia Au RelOurce< Roal'Ll: SJCrJmelllo, 
CA.. 1993. 

42.	 Marple, VA; Rubow. K.L.; A""nth, G.l'.; FJ,I,n, 11.). Micm_O'ifice 
Uniform Depo,il Impactor: ,. Ae"'.«>1 Sci, 19B6. J 7. ~B9·--I9~ 

About the Authors 
Dr, Charles L Blanchard and Dr. Philip M. Roth arB principals 

of Envair. an unincorporated aSSOCiation 01 scientists provid

ing 'esearch and consulting seNjces in the en~·ironmental 

and earth sciences: and Ms. Shelley J. Trlllenbaum is a staff 

scientist with Envair. Dr. Blanchard can be reached by phone; 

(510) 525-6231; fax: (510) 526-2634; e-mail: c1b@Wenet.net; 

and ma~: 5:26 Cornell Ave., A1beny. CA 94706. Dr, Rolh is 
currently co-principallnvestigatof lor the Celifomie Regional 

PM"IPM Ai, Quality Study. Dr. Steve D. Ziman is senior,o 
stal( scienlist for air Issues wilh the Health, Environment and 

Safety Group of Chevron Reseerch end Technology Co. Pro

fessor John H. Selnfeld is the Louis E. Nohl Professor at Ihe 

California Institute at Technology. His researd1 interests are 

in atmospheric chemistry and aerosols. 

Volume 50 December 2000 



I 

EXHIBIT 176
 



STATE OF CALIFORNIA 

Energy Resources 
Conservation and Development Commission 

In the Matter of: DOCKET NO. 01-AFC-21 

Application for Certification for the
 SOCIOECONOMICS TESTIMONY OF
 
Tesla Power Project MANISHA KOTHARI 

I, Manisha Kothari, declare as follows: 

1.	 I am presently employed by URS Corporation as an Environmental 
Planner. 

2. A copy of my professional qualifications and experience been 
previously submitted and docketed. 

3.	 I prepared the attached supplemental testimony relating to 
Socioeconomics for the Tesla Power Project (California Energy 
Commission Docket Number 01-AFC-21). 

4.	 It is my professional opinion that the attached prepared 
supplemental testimony is valid and accurate with respect to issues 
that it addresses. 

5.	 I am personally familiar with the facts and conclusions related in the 
attached prepared testimony and if called as a witness could testify 
competently thereto. 

I declare under penalty of perjury, under the laws of the State of California, that 
the foregoing is true and correct to the best of my knowledge and that this 
declaration was executed at Oakland, CA on March 31, 2004. 



TESTIMONY OF MANISHA KOTHARI
 

SOCIOECONOMICS 

Comment #1: 

The parties shall identify the school districl(s) where the TPP site is located alld provide 
testimony on whether the school impact/ee required by Condition SOCIO-I should he 011 

suhject to an agreement between Alameda and San Joaquin Coullties to ensure thar die 
impact fee is distrihuted appropriately 10 the affected school districts. 

Response #1: 

The TPP site is located on Midway Road in Livermore. The plant site falls under both 
the Mountain House Elementary School Dis[rict (K-8) and the Tracy Unified School 
District (for grades 9-12), which are in Alameda and San Joaquin counties, respectively. 

By state law, sehoal districts are authorized to assess developer impact fees to offset the 
cost of providing facilities for students resulting from new development. These fees are 
used to fund the construction aCne\\' school facilities and the reconstruction of, 
modernization of, and/or addition to existing school facilities made necessary by 
development projeets. 

In the case oflhe TPP site, the assessment of the developer impact fee would be 
determined based on the square footage of the prospective plant. Before Alameda 
County issues a permit for the plant, the developer would have to obtain a signed 
Certificate of Compliance from each of the two relevant school districts. Based on the 
resolution in place [0 adopt a developer impact fee. the Mountain House Elementary 
School District would receive 3/4of [he total developer impact fees, and the Tracy Unified 
School District would receive ~ of the fees. Once these fees are paid, the developer can 
obtain the required signatures on the Certificate of Compliance from the two school 
districts. 

No new agreements are needed to ensure the fee distribution between the school districts. 

References: 

Highlander, Lou. Alameda County, Office of Education. Personal communication. 
March 12,2004. 

Nolan, Dorris. Tracy Uni fied School District. Personal communication. March 11, 2004. 

Stay, Susan. Alameda Coumy, Office of Education. Personal communication. 
March 16, 2004 



Comment #2: 

The recordfails to address whether the impact ofAB 81 011 County property tax revenues 
could affect the anticipated $6 million per year properlY taxfrom the TPP. The parties 
shall provide evidence ofan agreement and/or another method that would insure a 
minim/wI property tax payment to Alameda County in the el'cnt thallhe BOE 's property 
assessmentfor TPP is reduced (Cf Socioeconomics, Revised PJ!PDfor Morro Bay 
Power Plant Project, CEC Docket No. OO-AFC-12.) 

Response #2: 

As an eleetrie generation faeility larger than 500 MW, the proposed TPP would fallundcr 
the State Board ofEqualizalion's assessment jurisdiction. The TPP site would be subject 
to AB 81. The value of the TPP would be assessed annually using a number of value 
indicators including eurrcnt cconomic conditions (the supply and demand for electricity 
in the area. for example). The power plant would be eonsidered a wasting asset; as sueh, 
the value would be likely lO depreeiate annually, subject to economic eonditions. 
According to the State Board of Equalization, there is not likely to be any significant 
differenee bel\'ieen its valuation and a valuation earried out by the County. This is 
because properties that full under the County's jurisdiction are subject to Proposition 13 
and Proposition A, \'ihich provides upward and downward valuation protection for 
properties in California. 

Alameda County would be responsible for collecLing revenues based On thc State Board 
of Equalization's assessment. No other agreements would be required for the tax 
assessment or collection from the proposed plant. 

RefereJJces: 

Lee,Octavio. Principal Property Appraiser, Valuation Division. California Stale Board 
of Equalization. Personal communication. March 16,2004 

Loza, Dan. Alamcda County Assessor's Office. Personal Communication. March 11 
and March 16, 2004. 



Manlsha .Dlbarl 
Environmenta! Planner 

AREAS OF EXPERTISE 

•	 Socioeconomic 
analysis 

•	 Environmental 
Documentation 

•	 Project Planning / 
Coordination 

•	 Political Risk 
Assessment 

EDUCATION 

Georgetown University; 
M.S., Foreign Service, 
1998 

University of California,. 
Berkeley: B.A., Political 
Science, B.A., 
Communications. 1996 

PROFESSIONAL 
HISTORY 

URS, Environmental 
PlaMer, July 2002-Present 

U.S. Trade and 
Development Agency, 
Country Manager for 
South and Southeast Asia, 
January 1999 - March 
2002 

lntemational Equity 
Partners, LLP, Associate, 
January 1997 - May 1998 

LANGUAGES 

Hindi (native), Thai 
(fluent), and French (basic 
level) 

REPRESENTATIVE EXPERIENCE 

Ms. Kothari has extensive experience with the oversight. 
planning, and coordination of environmental projects 
internationally. She has experienee writing and reviewing 
environmental documentation and working with technical 
contractors to draft scopes ofwork for small and large-scale 
infrastructure projects. Ms. Kothari has actcd as a facilitator 
for multi-national project coordination with various 
government institutions throughout South and Southeast Asia. 
She also has experience in budget preparation and 
management. 

•	 San Bernadino Vegetation Management Project; San 
Benadino, CA 
Prepared socioeconomic analysis report for Federal 
Emergency Management Agency (FEMA). The report is 
part of an Environmental Assessment for a vegetation 
management project to reduce the risk ofwildfire in the 
foothills of the San Bernadino Mountains. Tasks for the 
project included collecting and analyzing data, preparing 
environmental documentation, and conducting interviews. 

•	 Interstate 80 I State Route 4 Interchange Improvement 
Project; Contra Costa County, CA 
Principal author of the Community Impact Assessment 
(socioeconomic analysis) Report for the project's 
Environmental Document. Tasks included collecting and 
analyzing socioeconomic data and preparing reports. Also 
coordinating technical reports to produce comprehensive 
Environmental Document. 

•	 Richmond Field Station Remediation Project; 
Richmond, CA 
Task Leader for the Initial Study and Mitigated Negative 
Declaration for a hazardous materials' remediation project 
on a University of California, Berkeley-owned research 
facility. Tasks included: conducting socioeconomic 
analysis, preparing project schedule, coordinating 
preparation of technical reports, preparing summaries, and 
authoring environmental document. 

•	 Chuuk Housing Programmatic Environmental 
Assessment; Federated States of Micronesia 
Principal author of a Programmatic Environmental 
Assessment and Finding of No Significant Impact for the 
Chuuk Housing Project. The environmental document 

URS G;IOOCUME-1\DASTEI-I.OO2\l.DGALS-1\Tel1VlG.Nc(es,DaLaIKcI~an,5OCJCO'W01cmCJdco::'(.l:Y31K>4\DAK 
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lIaDllbalDlbari 
Environmental Planner 

was prepared to establish National Environmental Policy 
Act (NEPA) compliance for a project to rebuild 230 
homes following a devastating tropical stonn on the 
islands ofChuuk, in the Federated States of Micronesia. 
Tasks included: reviewing field notes, analyzing data, and 
preparing NEPA document for client. 

•	 Toomes Creek Mitigation Area Project; 
Tehama County, CA 
Co-authored the Initial Study and Mitigated Negative 
Declaration for environmental compliance for a mitigation 
project to develop habitat for the threatened Valley 
Elderberry Longhorn Beetle. Also served as Task Leader 
for the preparation of the Draft Habitat Management and 
Monitoring Plan Tasks included the preparation ofrepons 
and assistance with project planning and coordination. 

•	 Fuels Quality Upgrading and Hydrocracker Project; 
Gujarat, India 
Worked with a local private sector developer to defme the 
scope of work and budget for an economic and technical 
feasibility study. The project involved developing a 
Hydrocracker and additional processing units at a refinery 
in Gujarat, India. 

•	 Mangalore IGCC Project Technical Assistance; 
Mangalore, India 
Worked with India's Birla Group and Indian financial 
institutions to structure a Technical Assistance project for 
a 448 MW power plant in Mangalore, India. The Technical 
Assistance was to prepare a Detailed Project Report (OPR) 
that would enable the project to obtain government 
clearances and financing. The project was designed to use 
environmentally~sound Integrated Gasification Combined 
Cycle (IGCC) technology to deliver power in an 
ecologically sensitive region. 

•	 Arsenic Water Treatment Project, Dhaka, Bangladesh 
Worked closely with the Government of Bangladesh and 
the World Bank to develop a pilot program testing 
technology applications for the removal of arsenic from 
groundwater throughout Bangladesh. Carried out site 
investigations and coordinated preparation of final 
environmental documentation for the project. Regularly 
reviewed progress reports and test data from 250 
locations. Managed the project schedule and budget. 

C,\DOCUME-1\DASTEI-l.DO"'lOCAlS-I\Tel11>\C.N~les.DaIa\l<Dlhan_sodoecM""'e<.do<:\O.1I311{I410AK 2 
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surrLEMENTAL TESTIMONY OF DUANE MCCLOUD AND SCOTT BUSA 

WATER RESOURCES 

COMMENT 1 

Appliwllt shall provide evidence 011 where TPP will obtain potable waterfor domestic 
uses. 

RFsrONSE 1 

If reclaim water was to be used for the project, restrictions 0\1 its use would prevent us 
from Its utilization for domestic requirements. Accordingly potable wuter would need to 
be transpOlicd to the site by bulk trllck [rom Tracy or Livermore and stored in a potable 
water storage lank for sanitary uses. An average potable water usage of 1.0 gpm 
translates into a 3000 gallon delivery once every other day, which represellts il minimal 
impact on traffie. 

Drinking water would be bottled in either scenario. 

COMMENT 2 

The record does not indicate wlletller tile City oJ Tr{fcy will include denitrificatiol1 ill its 
tertitlJy trcatmelll process or whether the TPP would i"stall waler treatment tech1lology 
at the site or whether the TPP would i"stall water treatment tech"ology ttt the site or 
""hether the biocide treatment required by Co"ditio" Public Health-] would result i" 
sufficient denitrification to ensure effective remol'lIl ofmicroorganisms in the coolillg 
tower. Tile parties shall provide testimolly thlll won'd resolve tbis issue. 

RESPONSE 2 

The City of Tracy upgrades for Title 22 include activated sludge nitrification and 
selective anoxic denitri ficatiol1, in addition to much higher levels of disinfection and 
filtration. 

The presence of aml110nia ill \valel· is a primary faclor effecting disinrr..:ctioll cffccllveness 
in an aerobic system. This is due to aml1lonia's lemlem;y to combine WIlh free oxidants, 
especially halogcns, rendering thcm less cffcctivc. Nitriflcation is the process through 
which ammonia is cOllverted to flrst nitrites and then nitrates. It is virtually impossible to 
Illeet Ti tie 22 standards for disinfection wi [h high levels 0 rammonia present, and 
accordingly nitri flcation is almost a]w8Ys employed as a part of advanced wastewater 
treatmcnt processes. 

Dcnitrification is conversion of nitrates to oxygen <lnd nitrogen. As gases both of these 
products ~lre then generally removed rrol11 lhe \VaLet". Denilriflcation is onen employce! 
based on the sensitivity of the receiving stream. Whi Ie nitrates nre generally not good 



bacterial food in an oerobic system, they can function as algae food ill an open body of 
water creating environmental impacts. 

The expectcd impacts on these constituents from tlte Tracy upgrades are a signifIcant 
reduction in ammonia, from an average of 15 mgll to 0.5 mg/I, and a modest increase in 
nitrate from 5 mg/I to lO mg/1. Denitrification will account for a signiflcant nitrate 
reduction (83%) in this cose, iJS the theoretical nitratc level, after ammonia convcrsion, 
would have been around 58 mg/l. 

As indic<Jtcd above, the !nimary driver for nitrification is disinfecLion effecLiveness. 
Meeting the Tille 22 requirements through the processes outlined above will result in no 
additional treaLment required at TPP La addrcss nitrogen balance in the water. A 
compleLe disinfection program, based on industry and CTr guidelines, will be utilized in 
[he plant water sysLems to ensure that microorganism control is maintained once tbe 
water gets to the project. 

The above referenees and numbers are frolll tbc Final EIR for the Tracy Wastewater 
Treatment Plant Expansion, dated Septembcr 2002. 

COMMENT S 

Applicant estimates tile capital cost ofits proposed cooling tower instull{/tioll would he 
about $ I8 million. Tlu"s appears to he a low estimate compured witll tile cost 0/ tile 
cooling tower illstallation for a pmver plantproject hal/tile she oftile TPP. Applicant 
shall provide evidence confirming that its cost estimate for the cooling tower is 
aCCllrate or provide a corrected estimate, ifappropriate. 

RESPONSES 

The valucs provided in Table 3.10-5 of the AFC are not total systelll costs for either a wet 
or dry system. They are insLead installed costs for just the major components that would 
differ between the three options. The total system costs of any of the three options would 
be higher, although likely by a fairly constant amount across the list. For example while 
the wet tower would hove more feet of piping and pumps, the dry cooling would have 
much larger piping and structural support requirements. Civil and landscaping needs 
would also be greater for the larger dry cooling layouts. We believe that the cost 
dirrerence in the options shown to be accurate, even though we acknowledge that the 
absolute valucs given are 100 low for a total system cost. 

Table 3.10-5 howcvcr docs noL capturc the difference in water LreaLmcnt capital and 
infrastructure costs.· For example the ZLD system costs would increase for a larger waler 
usage, similar 10 the increase being debated for the higher TDS impact for reclaim water. 
Tn the case of a completely dry cooled plant, watcr demand would be mLlch lower, on Lhe 
order of 10% or a we! plant, for boiler makeup and inlet air cooling. However lhat 10% 
would still require both a supply pipeline and ZLD system, however much smaller. 
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Whether that supply comcs from the Aqueduct or Tracy most of the pipeline costs beIng 
considered for a weL cooled plant would still be incuned. This was rctlccted in Staffs 
summaries. The ZLD system would also be much smaller and different in nature, 
primarily processing a straight RO reject instead of a cooling tower sidesIream as 
current]yenvisioned. As a rcsult it would consisl only of an evaporator-crystallizer and 
dewatering equipment, of a sizc similar to the systcm currently cnvisioned for the 
aqueduct water supply. Instead of the total capital cost range of $] 9MM to 22MM bcing 
carried for the wet system ZLD a number in the $4-5 MM ronge is more likely. These 
capital numbers are consistent with analysis in the FSA Appendix Table 5. As indicated 
previously we believe that the lost revenue number associntcd with dry cooling is much 
higher. 

COMMENT 6 

Applicant shaUprol'ide testimony all the SWIllS 0fl/egoliafiom,' with the Ci(J' of Trl1(}' 

for (fIl agreemellt to stlpply tertiary tl'cflIed recycled water to the TPP 

RESPONSE 6 

Midwny Power and the City of Tracy have been ncgotiating for the reclaimed water 
supply to be delivered by the City of Tracy. The City of Tracy did provide a drnrt 
agreement in Deecmber 2003 to Midway Power. The draft agreement included 
provisions such as interpretability, additional costs, no provision for backup supply and 
other provisions that pose substantial issues for the project. A meeting was held in 
January 2004 and Midway Power has becn preparing modifications to the draft 
agreement. Midway Power is committed to negotiating an agreement with the City of 
Tracy. 

Toward that end, Midway Power is willing to accept Condition of Celiification SOIL & 

'VATER 11 which req llires the Project Owner to secure a User Agreement for 
Reclaimed Water from the City of Tracy at lenst 60 days prior Lo project operation. 
However, we request some additional clarifying languagc to ensure that Ihe User 
Agreement can encompass interim and backup supply water in addition 10 the Reclaimed 
Water. Therefore we propose SOIL & WATER 11 be modified as follows: 

SOIL & 'VATER 11 Tile Project Owner shall secure a User Agreement 
for Reclaimed Water amI any interim and backup water from the City of 
Tracy for the TPP's process nnd cooling water supply. 

VerHication: At east 60 days prior to tbe start of Project opcration, the 
Project Owner shall submit to the CPM a copy of its User Agreement for 
Reclaimed Water aud au)' intcrim IIlId backup wafer [rom the City of 
Tracy to supply reclaimed water aud lIuy i"terim alltl backlljlll'(ltCI' to the 
TPP for power plant cooling and other industrial processes. 
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Additionally, Midway Power accepts Condition of Certiflcation SOIL & WATER 12 
which would require thc use of reclaimed water as the TPP's primary water supply source 
for cooling and landscape irrigation. Midway Power also accepts Condition of 
CertifIcation SOIL & WATER 13 with the following modifIcation: 

SOIL & WATER 13 In the event the TPP is constructed prior to 
the availability ofreeyc]ed water and an interim water supply is to be 
uscd, the Project Owner shall submit a schedule ofprojectetlmonthly 
water demand to the City of Tracy for revievr-a-nd commenl und to the 
CPM for <lppro~·al. 

The rcason for the proposed modification is that neither the City of Tracy nor the CPM 
should be required to approve the projected monthly water demand. Thc interim water 
supply would be supplied according to any User Agreement vlith the City of Tracy under 
Condition of Certification SOIL & WATER 11. 

Midway Power disagrees that Condition of Certification SOIL & 'VATER 14 is not 
necessary to ensure compliance with LORS or to mitigate any potential impact associated 
with the use of City of Tracy Reclaimed .....Vater for the TPP. 

Midway Power accepts Condition of Certification SOIL & WATER 15 with the 
following moditications. 

SOIL & WATER 15 The Project Owner shall com'ertjrolll use oJ-ttet 
u-se-tbe interim water supply to reclaim wafer wi'"i" for more than 45 
days eH£e oJthe tertiary-treated water supply lta5-becomeiug available. 
This does 1I0t preclude the use ojJresh water on au emergency basis 
sllOuhl the reclaim water be Ifllflwtilable aJter the il/itial switch to 
reclaim watero 

With the acceptance of these conditions, Midway Power believes thut it is not 
necessary for the Committee to explore or require the TPP to employ dry-cooling 
technology to ens life compliance with its recent water resource policies. 

COMMENT 7 

Applicant slHllIlJloOlIide testimony on tile issue oJwllether the dl)! cooling 1Iltertlllti",e 
described ill tile record lIlould be all "ecollollliclllly unsolllJd" option Jor 'lie "fc oJllle 
project compared witll tile Aqueductpesb water proposal or tile Tracy recycled water 
altentatille. 
RESPONSE 7 

Midway Power does not believe that all "option" for dry cooling adds any v;l!ue to the 
Final Decision. While we disagree somewhat all tl,e del~lils und assumptions thaI [Hive 
gone into Staff's analysis, we ugree that an air cooled project would have a sigJlitic:ull 
cost disudvantage over an evuporative cooled facility. Reusonable estimatcs, based 011 
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today's market would place that disadvantage on the order of$6-8 million/year in lost 
income due to lower output, coupled with a capital cost comparable to the reclaim water 
option being considered. 

As to the issue of "economically unsound," the phrase is ambiguous. Certainly if the 2001 
California power crisis situation were to repeat itself, a dry cooled projeet would be very 
economically attractive. Even a very poor efficiency, outdated technology project could 
prosper in such an cnvironment. However the current situation is that numerous projects 
relying on evaporative cooling have been permitted in the last several years. and those 
projects have inherent cost and efficiency advantages over a dry cooled facility. 
Undertaking the incremental construction of a dry cooled TPP in that market against an 
advantaged competition would be a poor business decision, unless a severe market 
eondition could be essentially guaranteed. Likewise we would not envision a situation in 
which a long tenn offtake agreement could be structured for a higher cost, lower 
efficiency facility in a market in which lower cost altemativcs arc readily available. 

Due to our lack orability to totally rule out the return ofa long leml power crisis 
situation in California, we therefore cannot say the project would be "economically 
unsound." However we believe all evidence to date would suggest that such a project 
would be significantly eeonomically disadvantaged. 

As a result of the above, Midway Power believes that should fmal contractual 
arrangements with Tracy not work out, we would need to reopen the TPP siting process 
through a fornul amendment. Such amendment would need to evaluate an alternative 
water supply and subject to a review of its impacts and legal compliance. 
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