
 

Equity 

INSTITUTE 

Building a healthy and sustainable global community for people 
and the plants and animals that accompany us on Earth 

September 3, 2013 

SENT VIA OVERNIGHT MAIL 

Gina McCarthy 
r n EPA Administrator 
c::Mail Code 4101M 


USEPA Ariel Rios Building (AR) 

1200 Pennsylvania Avenue N.W. 

Washington, DC 20004 

RE: 	 Petition Requesting EPA Object to the Major Facility Review Permit for Gateway 
Generating Station, LLC under Title V of the 1990 Clean Air Act Amendments, the 
Federal Operating Permit Program, and the Bay Area Air Quality Management 
District's Regulation 2, Rule 6 - Major Facility Review. 

Dear Ms. McCarthy: 

Pursuant to 42 U.S.C. 7661d(b)(2) and 40 C.F.R. 70.8(d), I submit this petition requesting that 
you object to Gateway Generating Station, LLC's ("Gateway") Title V Major Facility Review Permit 
('Title V Permit" or "Permit"), because, as explained below, the Permit fails to ensure that Gateway 
satisfies all applicable pollution control requirements. 

In particular, the EPA has failed to obtain incidental take authorization for listed species affected 
by Gateway's ongoing and proposed air pollution. Because Title V requires every major facility 
review permit to include all "applicable requirements," 42 U.S.C. § 7661d(b)(1), and because CAA, 
its regulations, and governing agreements between EPA and BAAQMD make such incidental take 
authorization from the Service an applicable regulation, you must object to this Permit until the 
incidental take authorization is obtained and incorporated into the Title V Permit. 

The Wild Equity Institute raised this objection during the public comment period on Gateway's 
Permit. But to date no incidental take authorization to pollute listed species and/or their habitats 
has been obtained by the EPA-despite the Service's express request that EPA reinitiate 
consultation over Gateway. 

Incidental take authorization may be obtained either through an Incidental Take Statement and 
Biological Opinion issued through consultation with the U.S. Fish and Wildlife Service ("Service"), 
or through an Endangered Species Act ("ESA") Section 10 Incidental Take Permit. 

Brent Plater, Executive Director 474 Valencia St., Suite 295 San Francisco, CA 94103 
O: 415-349-5787 C: 415-572-6989 bplater@wildequity.org http://j wildequity.org Page 1 of 7 
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This petilion discusses the areas and species affected by Gateway's operation, the interplay 
>etween the ESA's incident.ll take provisions and the Title V and the PSD program, and the ways 
Gateway's Permit application falls short of Tit le V requirements. 

The Antioch Dunes Nationa l Wildlife Re fu ge. 

During an inter-glacial period approximately 140,000 years ago a network of sand dunes and 
desert environments stretched from the location of the modern-day Mojave Desert across the 
Central Valley to the San Joaquin River. As the climate changed, the deserts retreated, but left 
behind a stretch of .s.1nd dunes in Antioch. California, known today as the Antioch Dunes. These 
dunes were subsequently nourished, at least in part, by sandy soils scrubbed from the Sierra 
Nevada Mo untains by retreating glaciers. T hese sandy soils were de livered lO the Dunes by the 
Sacramento and San Joaquin River Systems. 

The isolalion of this area in Antioc h fron1 other desert systems allowed species found at the 
Antioch Dunes to evolve inlo unique forms of life found nowhere else on Earth. Today the Antioch 
Dunes National Wildlife Refuge (Antioch Dunes) in Contra Costa County protects the remnants of 
these habitats, upon which three federally protected .species depend: the Contra Costa Wallflower, 
the Antioch Dunes Evening Primrose, and thL' Lange's Metalmark Butterfly. 

Prior to European settlement, the Antioch Dunes were pr obably sever al hundred acres in size. 
Curre ntly, because of past sand min in g, agricultu r e, and urba n development, only about 70 acres 
of the sand dune habitat remains, all within the Antioch Dunes National Wild lite Refuge. 

T he La nge's Metalmark Butterfly. 

The Lange's Metalmark Buttertly (Apodemia mormo langei) is a brightly colored, fragile, and highly 
endangered butterfly th.ll has been protected by the Federal Endangered Species Act since 1976. 
41 Fed. Reg. 22,041 (June l, l 976). The species is endemic to the Antiotlt DunL'S. which contains 
the only known extant population of the species. 

Between 50 to 100 yea rs ago, the population size o f the La nge's Metal mark Butterf1y a t the 
Antioch Dunes is estimated lo have bee n approximately 25,000 individuals. l lnwever. by 2006, 
the number had plummeted to a total of 45 adults. For the past seven years, the number ofadults 
observed in the wild has continued to remain at critically low levels. 

The sole food plant for the larval (caterpillar) stage of the butterfly is the naked-stemmed 
buckwheat (Eriogonum nudum ssp. auriculatum), which grows best in areas with good drainage 
and nutrient-poor soils. The Lange's metal mark butterfly is entire ly dependent on the population 
of naked-stemmed buckwheat at the An troch Dunes, and there is ad irect positive correlation 
belwee n the pop ul at ion size of this pla nt a nd the population of the butterfly. 

However, today the buckwheat is only found in a limited portion of the Antioch Dun es National 
Wildlife Refuge, and this remaining area is threatened with extirpation due to the p rolific 
overgrowthot non-native, invasive plant species, none of which provide food for the butterfly's 
caterpillar stage. Although the naked-stemmed buckwheat is not threatened with global 
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extinction, the loss of the plant at the Ant1och Dunes National Wildlife Refu ge will surely lead to 
the extinction of the Lange's Metalmark Butterfly 

The An t ioch Dunes Evening Primrose a nd the Con tr a Costa Wallflower. 

The Antioch Dunes Evening Primrose (Oenothera deltoids ssp.howellii) is a beautiful perennial 
plant. It has white flower petals with long yello w stamens, and is host to a rare sweat bee species.  
Tlw Contra Costa Wallllower (E1ysimum COflilCltum v.1 r. ongustutum) I S .t lragran t a nd high ly 
structur ed wildl1ower w1th yl'llow petals. Both -.;pec1es have heen pnHetled as endangered under 
the Federal Endange red Spec1es Acl since 1978, '13 Fed . Reg. 7,972 (Apnl 26. 1978), and cntic.tl 
habitat has been protected for both species since l 978 as well. 43 Fed Reg. 39,0·12 (Aug 3 1, 
1978). 

Like the Lange's Metalnwrk Butlerlly, th e Cont r:t Cosl;l Walll1ower .md the Antioch Dunes Eve ning 
Primrose are endemic to the Antioch Dun es Nalional Wildlife Refuge. Although the population 
s izes of these pla nLs tlu ctuale greatly, the long-ter llltrend indi cates hnth species :1re in decline. In 
both cetses. the overgrmv th o f invasive non -11 ~1ti vP plant species is r educing the f\va ila hl e area for 
colon1zcttion ~uul growth of lhc's(• endangered <>p~nes 

The Enda nger ed Species Act. 

St>ction 7 ofthl? ES/\ descnl>es EPA's con-;ult.ttion reqwr elllents. Sl•c llon 7(<t)(2) states: 

Each Federa l age ncy s hall, in consu ltdlion wilh and with the assis tan ce ol the 
Secretary Ior the In terior or ComnH:!ret.!l, insure thal any action authonzed, 
funded or c:1rn ed out hy such agency ro; not likely to jeop:m.lize the 
contmued l.xistence of dny e ndangered spenes or threatened spe~res or result 
111 (he destruction or adve rse nwdlllc,lllon ol 1cnt11.:alj hab1tat ... 

16 U.S.C. § 1536(a)(2). "Its very words affirm<Hively command all feder<~l ,1gencies to insure that 
a~tions authorized, funded, or GIITied out by th em do not jeo panllzc th e contmucd existence of 
endangered species." TVA v. Hill, <137 U.S . 153, 173 ( l978). Reinitiation of wnsu llationts required 
and mu st he requested by EP/\ wh e re discre tion.uy federa l involve menl or contro l over the action 
has been retained or is authorized by bvv. a nd new rnformat1on reveals eflects of the action tiJ ,Il 
m<~y a fi'ect listed species or critical habitat in d m.rnne r not previously co nside red during 
consultauon. 50 C.F.It ~ 402. 16(h) . 

Title V. 

Title V was enJcted to nmke th e CAA perrmtting process more transparent. See Com. of VA v. 
Browner. 80 r .3d 869. 873 (4th Cir. lq96) ("Th\.• permit i-.; crun.1t lll tlh' impkn1cnt.1llon of the Act : 
il l onl.lm~ . 1n ,1 -.; ingk. ~onlprl'ltL' IlS I Ve ~dol doLtlllH' il lS, all CAl\ rl'quin·nwnts rc lt•v;lnt \o til t• 
p~nllcular pollul1 11g soun.: l' ") (citations removed). It c1 pp lics to l.1ci l1 ties like Gateway. See 42 
U.S.C. §§ 7602 (defi ning m<t jor sl<tllonary source) and 766Ll(a) (apply ing T1tle V Lo ma jor 
sources). Th e Perm1L mu s t con tain, interalw, "appli cable requirements" ol the Clean Air Act. 42 
lJ.S.C. § 766ld(b)( 1) (rcqutnng the EPA l\dmlnl 'itrator to object to a perm II 1f 1t does not contai n 
the rem11rements of the C/\t\) ; Bt\AQMD reg~ 2-C>-202 (Dclining "Applic.thle Reqlllrements" as 

http:cntic.tl


·:aJir quality requirements with which a facility must comply pursuant to the District's 
-e~utalions. codes of California statutory l.1w, a nd th e federal Clean Air Act, includ 111g a ll ;1pplica blc 
·et~uJrem~m~ as defined in 110 C. F.R. 70.2. "). 

:he PSD program is one of the "a pplicabl e requirements" ot the Title V program. ·+2 U.S.C. §§ 
7470-7479 and 766la(t)(3): 40 C.F.R. ~ 70.2 (derining applic.1bl e requirements to include 
Subchapter I, Part C - the PSD program); sre o/so Sierra Club 1'. john:;on 5 '1 1 F.3 d 1257, 1261 ( J llh 
Cir. 200B) ("1\mong th e many <lir quality n•qu1remcnts inrluckd in an opL•r;lling permit, if 
applicable, ,1re [PSD] lim its."); 57 Fed. Reg. 32250, 32250 (July 21, 1992) (Till e V nenmts mus 
contain all pollution control obligations. mcludmg those in St,ltc lmpl ementdliOn Plans. as wel1.1s 
New Source Performance Standards. such as PSD). As a major s ta tionary source, Gateway is 
<;ubiectto the PSD program. 40 C.F.R. § 52.21 (b)(l ). Both EP/\ .1nd BAAQMIJ recognize that the 
PSD nrogr.un dppli es to Gatew.~y. See e.,<J., Complaml, U.S. 1' Pacific Gas & h'lec, 776 f7.Supp.2d I 007 
fN.IJ . Cal. 20 II) ell 9 (" P(~&E constructed IGate\Vay] . . . without first obtaining a n ap propriate PSD 
permit. .. .") : BAAQM D, Permit to Oper:.1te, Gateway Gener<'!lJJJg Station, Condi lion No. 18138 
(PTO) (llstlllg conditions ol opera tion , notin g wh e re PSD limits app ly). 

While BAt\QMD 1ssues PSD perm1 ts in the Bay /\red, it docs so under a del eg<lllon t1greement. 
where the EPA Admini s tr;1tor delegates res ponsibility to a st,1te age ncy to 1ssue PSD permits \oVhile 
the Federal PSD program is in effec t. 40 C.F.R. 52.21 (u); Agreement for Parti RI De((~gation of th e 
Federa l Prevention of Significant Deterioration (PSD) Progr<llll SeL Forth In '10 C. F. H. Section 52.21 
by the United Sta les Environme ntal Protection 1\gency, Reg1on q tolhe Bay An!.t 1\ ir Quality 
Mandge111ent District (DelegtltJon Agreement). EPI\ cons1ders such perr111ts EPA-1ssued. See, e.g., In 
re: Uusse/1/:'neryy Center. 2010 WL 5573720, 7 ( E.P.A.) (Nov. lB. 201 0). Pe r the delegation 
agreem ent, BAAQMD mus t "notify (the Service! a nd EPA wlwn a submilled PSD permit application 
has been deemed complete, 111 order to tlSSJs t EP/\ in carrying out its non-d eleg,1blc 
respon si bi lities to cons ult vvi lh FAS unde r section 7" of th e ESI\. 1Jelegat1on/\gn~ement at 7 
(Section V1.2.h ). 

This provl'>ion makes 1t clear that EPA lllUSll.Oilsult w1th the Service over potential effects to 
e nda ngert'd s pecies during th e PSD application process. II , during consultfltio n, th e agencies find 
that th e rlction wi ll likely .l dVt?rsely affect ,m endangered spCCIL'S- :IS Lhe lh e Service believes will 
occur he re - th e Service lll,lY iss ue nn ''lnmlent,tl T~1ke St<lle nwnt" (ITS). 16 U.S.C. § 1536(h)('l): 
Arnona Collie Gr01vers Ass'n v. U.S. Fish and Wilcl!tfe, Burea u ofLond Manag em ent, 273 fo'. 3d 1229 
(9th Cir 20tH). The ITS may, among other things, <1ttach conditions to the activity in a n ;-tre<l 
where endangered species are present and lllllllllnizes th e actor for any hMmful :1ctivi ty Jncidemal 
(0 the flCtiVIl)' Oil that land. In u.s.c. § lS:~n(o); Arizona CuUie (;/'0\V«.'r\, 273 F3 cl .H 1239. ThcSL' 
statements are pe rmits. !Jenn ett v. Spear, 520 U.S. 154. 170 ( 1997) ("Thus, the Biological 
Opinion 's Incidental Ta ke Statement constitutes a permit nulhorizing the C\Ctio n agency to " take'' 
the endangered or threatened species so long as It respects th e Service's "terms an d conditions."). 

The ITS I~ .I f...t:'y part oltlle p <; l) progralll clllll rl po<;sible COill)HIIlelll or EPA\ llOll·delegable dulles 
under the ES1\ that must be performed be fo re .t Federal agency (or delegated loca l authority) m.ty 
issue<'~ PSD permit. Since the PSD program IS an ''applicahlc requirement" ot the Tille V per1111t , 
the ITS is .1lso (I ll ~pplic;1hiP requircmcnl. 42 II S.C. 7nnld(h)( 1). 
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Previous Consultation Efforts. 

In 2001. when this project was known <1S Conti <1 Cos t,\ Power Pldnt Ulllt B. Pacific Gas & Electric .' 
(PG&E) predecesso r, Mirant, r ece ived a PSD frum B/\1\QMD, issued und e r a prior deleganor 
ag reement. U.S. v. Pucijic Cas & £lee., 776 F.Supp.2d J00 7. 1013 (N.D. Cal. 20 11 ) . Since the PSD 
n ermi t issuance was <1 r:ed e ral action, EPA e ngaged in informal co ns ulta tion w ith the Se rvi ce a nd 
·11e U.S. Army Corps of Engineers. SERVfCE l.eller ;,t 2. llowever, thi s consultatio n co nclu ded tha t 
there would be no adve rse el fects on those -;pecit>"i . See Letler from Ger<tr<lo Rms, t\ cling Chief. 
PL'rmits Office, Air DiviSion, EPA Region IX to jan Kn1ghl, ChieC Endangered Spec1es Division, FWS 
(30 May, 2001) at 2 (" ... the lollowing spec1es t~re Identified as ... not likely robe adversely 
<tffected by the project: ... La nge's metal ma rk hulterllv ... Contra Costa Wallflower ... Antioch 
Ounes evenin g pri111rose ....") 

The faci li ty did not beco111e operati ona l unt il 2009, and in the inte rv e nin g lime the PSD permit 
expired beca use of a lapse in co nstruction . SPe Seco nd Amended Consent Decree, U.S. v. Pacific Gas 
&F:tec., 776 F.S upp.2d 1007 (N.D. Cal. ~011) al 1-2. (N.D. Cal. 2011). After receivmg a pprov<tl for 
the consent d ecree, PG&E applied for the agreed ;:unendments to the Permll to Operate from 
3AAQf\lD, which it granted on September 13,2011, and subsequently renewed in November 2012. 
U.S. v. Pacific Gas & f:'lec:., 776 F.Supp.2d 1007 (N.D. Cal. 20 11 ): see also BJ\i\QMD, 2012 PTO; 
BAAQMD, 2011 PTO. 

The Service has Requested EPA Consultation Regarding Enda ngered Species in Antioch 
Dunes. 

Since 2001, the Ser vice h;1s learned of "new sc ie ntifi c informatio n relating to the adverse effects of 
nitroge n deposit ion on listed spec ies a nd natu ral ecosystems . . .." ld In <I letter to EPA, the 
Service raised th ese new concerns, specifically r eq uesting EPA to reiniliatc LOnsultation with the 
Service in order to dcterlllin e the effects that operatiOn of Gateway \\'ill have on the endangered 
o.;pecies in Ant10c h Dun es. 

The Gateway Ge nerating Statio n will have s ignifi cant nitroge n e miss ions. Le tt er from Cay C. 
Goude, Assi s tant Field Supervisor of th e Jii sh ;1 nd Wildlife Service to ja r ed Blumenfeld, Region g 
Rt>gion al Aclmini s trdtor a t 2-3 (June 29, 20 11) (FWS Le tt er) . /\s d esc ribed in Tht• FWS Letter, the 
long-term chron ic adverse biological effects of nitroge n de positi on on nt~live ecosystems and 
assoc iate animals h,we been d escribed in a number of scie ntific pa pers. See e..CJ., Brooks, Matthew 
1.., "Effects of increased soi l nitrogen on the dornmance of alie n a nnual plants in the Mojave 
Deser t" 40 J. of Appl1ed Ecology, 344-353 (2003). S.md dunes like the Antioch Dunes a re nitrogen 
deficient, and the ch,lllge<; in plant and microh1~1l commtmities resulti ng from mcreased amounts 
of the rtirbome deposition of Lhis chemical hc~s been documented to cause c.tscdding negative 
effects on ecosystem processes and lh e species th cll depe nd up on the na ti ve plant connnunity. 
One of the primary adverse effects is the e nh ance me nt of enviro nm ental co nditions for th e 
invasion of non -na ti ve weeds, whi ch outconl JH:te nati ve plants . .<;ee Pe1 dgel l l' l <1!., '' Differential 
rt•sponscs to nitrogen krliliz.ltion in n;1 tin: ')hrul>:-. and c'\otic aliiHid l~ CO illllWn to Mediterran ean 
costa l SLlgt:' scrub of Cali l'01 nia '' 144 Plant ElOiogy 93-10 I ( 1999): ,\lien et al .. "The Effects of 
Organic Amendments on the Res toration of .1 Disturbed Co;:Jstal S<1ge Scrub ll.tbi lal'' oRestorc1t1on 
Ecology, 52-58 ( 1 99B) 
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Currently. the Antioch Dunes Wi ldl ife National Refuge receives nitrogen deposition from tht-
surroun ding atmosphere c1t ,, rate of 6.51 ktlogr.1 ms per hectare per yr<lr. This is above the~ 
kgjhafyr. threshold at win ch nit r ogen de posit ion t' lfecls can resu lt in ;tdversl' impacts to nauv~ 

plc1nt communities, <tnd tlwrefo r e when leve ls are this high there must be an Jssessment oftiH 
landscape to dete rmi ne th e exte nt of th e impac ts on s pecies a nd ecologi cal com muniue:-.. 
Californ ia Energy Commission, Revised Staff Assessme nt of the Ma rsh Landing Generating Station 
(08-AFC-03), Sacra mento, California (201 0); Weiss, S. B. 2006. Impac ts o f nitroge n deposition on 
California ecosystems and biodiversity. Californicl Energy Commission. PIER Energy-Related 
Environmental ReseMch, CEC- 500-2005-165 (M.1y 2006). Gatevvay is roughly Y-1 of a mile from 
the Antioch Dunes and its operations deposit nitrogen into the Wild life Refuge. FWS Letter at 1. 

The Lange's Metalmdrk Butter fly, the Antioch Dunes Evening Primrose. a nd the Conlra Costc1 
Wallflower are all highly e ndangered, a nd even s m;tll cha nges in the pl,ln l dislnbution a L th e 
dunes could ta ke these speues. J dv e rse ly modil y crilica l hab itat, imped e recovery. <md even cause 
the species to go exlincl. In particular. th e Lange's Mcti"\lmark Butterfly is so critically e nd a ngered 
tha l J s ingle fa ilu re in Lit e productivity of th e species host plant could lead lo Lhe permanent 
ex tinction of the specJC~. The Service believes that "nitroge n deposition i-.; likely to res ult in 
adverse affects'' to the~e species. FWS Lellcr .ll ]. 

The Service 's Request fo r Consultatio n Shows tha t All Applicable Re quire m e nts Have Not 
Been Dem o ns trated in t he Titl e V Permit. 

The Service reques ted co ns ulta tion over th e Antioc h Dunes' e nd <:mgered s pecies based on the 
settlement agree me nt and co nsenl decree be tween EPA and PG&E. Des pite th e ag reement's 
purpose of bringing Gateway in compliance with whal is "thought to represent" PSD requiremenls, 
lhe Service believed it should he consulted on the e ffects of the allowed enmsions on endangered 
species. i FWS Letter at 2. 

The FWS Lette r shows lhdt the actions clea r·ly meet Lhe ESA's "may affect" thr·eshold requiring 
co ns ult ation. California ex rei. Lockyer v. U.S. Dept. ofAgriculture, 575 17.3d 999, 1018-19 (9th Cir. 
2009) (noting thal "any po::;sible effect" triggers the "rnJy affeLL" th res hold) (cil,H ions and 
quot<~tion removed) ; f-WS LcltE!r Jl 3 (" . . . nitroge n dPpnsili o n at [Anlioch DunesJ is likely to res ul l 
in adverse effecls ....") (ern ph<1sis added). \tVithou t consultation, lhe Till e V permit will be lacking 
a key pa rl of Lhe PSD permitting program, lit e ITS lor the e ndangered species at Antioch Dunes. 

Eve n without the FWS l. curr, t:: I)A wo uld still be required to cons ult w ith th e Service. eithe r because the 
co nse nt dt>cree is ;1 nt'w fcde r,t l ,tct ion, or becausE' h ' d eral 1\gt>ncit>s arC' recpr ired to re ini tia te when ne\-v 
•:cientiflc in formation beccHnes ava ilable (hC'r·e, ni t rogen deposition) or whe n an <1ct ion is modifi ed (here, hy 
thp new lt'rmo.; oftllC' IJ$1) permr l induded in Lhe 2ll11 l'<'rmrtt o Ope rate). SO C.F.R. SS 401.16 (h),(c). 
Under the terms o f the co nsent decree, PG&I:: rNJlH'Sied modificiltion of its appii L.ilions tor i ts permit to 
operate and Title V operati ng permit on Apri l 4, 20 II, in a letler to 13rian Lusher. Since dll pctrties to the 
co nsent decree agree th.1t the old permit exprred, the .tmended l'errnit to Oper<tte necess<t rily contains ,1 

new PSO permit, a Fedt'ra l .l<.tron n'qui ring sl'ction 7 < onsult.ttJon. 
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The PSD permit has been issued without consul tation and an incidental take statement in violation 
of the ESA and is invalid.2 As such, the Title V Permit does not meet all applicable requirements. 
and you must object to the issuance of the Permit. 

Proposals. 

To cure the d efects specif1ed here and noted in any objection you issue in response to this petition, 
yo u s hould ( 1) object to Gateway's Title V Permit for failure to include a PSD permit that has been 
issued in conformity with the consultation requirements of the ESA under BAAQMD Regula tion 2 
Rule 6. section 313; (2) order EPA to initiate consultation with the Service over the Permit; and (3) 
order 81\AQMD to refrain from issuing the Permit unless and until the PSD provisions retl ect the 
findings from an ESA consultation between EPA and the Service. 

Sincerely, 

Brent Plater 
Executive Director 

cc: 	 Brian Lusher 
Senior Air Quality Engineer 
Bay Area Air Quality Management Distri ct 
939 Ell is St. 
San Francisco, CA 94109 

David Kreskas
 
PG&E 

Law Dept. 

PO Box 7442 
San Francisco, CA 94120 

2 Additionally, Gateway operatio ns likely violate section 9 of the ESA, which prohibits the take of any 

species. 16 U.S.C. § 1538(a)(1)(b). ''Take" is defined as "to harass, harm, pursue, hun t, shoot, wound, kill. 
trap, capture, or collect, or to attempt to engage in any suc h conduct. /d. 532( 19). The Service "is 
concerned that the indirect and cumulative effects of the deposition of additional nitrogen at ADNWR 
resu lting from operatio n of [Gateway a nd other stations] will result in adverse effects to the Contra Costa 
wallflower and the Antioch Dunes eveni ng primrose and the ir critice~l habitat and in take of the Lange's  

metalmark butterfly." FWS Letter at 2. 
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BAY AREA 

AtRQhJALITY 

MANAGEM~NT 

DISTRICT 

SINCE 1955 

ALAMEDA COUNTY 
Tom Bates 
(Cha,person) 

Scott Haggerty 

..ennifer Hosterman 


Nate Miley 


CONTRA COSTA COUNTY 
John Gioia 

(Vrce-Chairpersonl 
David Hudson 


Mark Ross 

Gayle B U1lkema 


MARIN COUNTY 
Harold C. Brown, Jr. 

NAPA COUNTY 
Brad Wagenknecht 

SAN FRANCISCO COUNTY 
John Avalos 


Edwin M. Lee 

Eric Mar 


SAN MATEO COUNTY 
Carole Groom 


Carol Klatt 


SANTA CLARA COUNTY 
Susan Garner 


Ash Kalra 

(Secretary) 
Liz Kniss 


Ken Yeager 


SOLANO COUNTY 
Jim Spering 

SONOMA COUNTY 
Susan Gorin 
Shirlee Zane 

Jack P Broadbent 
EXECUTIVE OFFICERJAPCO 

September 13, 20 II 

Gateway Generating Station 
3225 Wilbur Avenue 
Antioch. CA 94509 

Attention: Ron Gawer 

Applicat ion Number: 
Plant Number: 
Equipment Location: 

!000 
18 143 
same as above 

Dear Applicant: 

Enclosed is your Permit to Operate the following: 

S-41 
S-42 
S-43 
S-44 

Combustion Turbine Generator (CTG) #l 
Heat Recovery Steam Generator (HRSG) #I 

· Combustion Turbine Generator (CTG) #2 
Heat Recovery Steam Generator (HRSG) #2 

The equipment describ~d above is subject to condition no. 18 13 8. 

S-47 Fire Pump Diesel Engine (evaluated under application 21296) 
The equipment described above is subject to condition no. 25057. 

In accordance with Regulation 2-1-411.2, you must sign your Permit to Operate. All Permits should be posted 
in a clearly visible and accessible place on or ncar the equipment to be operated, or kept available for 
inspection at any time. Operation of this equipment in violation of District Regulations or any permit 
conditions is subject to penalty action. 

In the absence of specific permit conditions to the contrary, the throughputs, fuel and material consumption, 
capacities, and hours of operation described in your permit application will be considered maximum allowable 
limits. A new permit will be required before any increase in these parameters, or change in raw material 
handled may be made. 

Please include your permit number with any correspondence with the District. If you have any questions on 
this matter please call Brian K Lusher, Senior Air Quality Engineer at (415) 749-4623. 

Very truly yours, 

Jack P. Broadbent 
Executive Ofticer/ APCO 

Engineering Division 

Cc: Craig Hoffman, CEC 

BKL .. ~1 .
Enclosure /IH 
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BAY AREA PERMIT TO OPERATE 
AIR Q!dALITY 

PLANT No 18143 
V\ANAGEM E N f 

SOURCENo. _4~1~--------
01STRIC T 

SINCE 1955 Gateway Generating Station 
3225 Wilbur Annue, Antioch, CA 94509 

IS HEREBY GRANTED A PFRMIT TO OPERATE TilE FOLLOWING EQUIPMENT 

Combustion Turbine Generator (CTG) # l 
General ElectriC Frame 7FA.03 (Model PG 7231), 1872 MM Btu/hr maximum rated capacity, 
natural gas fired only 

abated hy 
A-ll Selective Catalytic Reduction System (SCR) and 
A-12 Oxidation Catalyst 

Subject to attached condition no. 18138.1 

JACK P. BROADBENT 
EXECUTIVI~ OFF!CI,RfAI'CO 

Permit Issue Date September 13, 2011 
Reported Start Up Date November 1, 2008 
Permit Expirfltion Dale _,__0-'c-'-to-'-b-'-e""'r_3'-l"','-'l'-O""J""'J___ By 

Right of Entry 
l'hc Air Pollution Control Officer of the Bay Area Air Quality Management District, the Chairman of the Califomia Air Resources Board, the Regional 
Administrator of the Environmental Protection Agency, and/or their designees, upon presentation of credentials, shall be granted the right of entry to any 
premises on which an air pollution source is located for the purposes of: i) the inspection of the source ii) the sampling of materials used at the 
source iii) the conduction of an emissions source test iv) the inspection of any records required by District rule or pem1it condition 

Permit Expiration 
l n accordance with Regulation 3-408, a Permit to Operate is valid for 12 months from the date of issuance or other time penod a~ approved by the 
t\PCO. Usc of this Permit to Operate is authorized by the District until the later of: the Pem1it Expiration Date or the Permit Renewal Date. Permit to 
operate fees w ill be prorated as described in Regulation 3-402 when the permit is renewed. 

rhis permit does not authorize violation of the rules and regulations of the BAAQMD or the Health and Safety Code of the State of California. District 
regulations may be viewed on line at •nH• .haagmd.::"'. This permit is not transferable to another person without approval from the District. It is the 
rcsponsibiliy of the permit holder to have knowledge of and be in compliance with all District Rult:s and Regulations. 
/. Complhmce with co11ditimrs cmrtai11etf i11 tlris pemrit doe.•· 1101 mea11 that tire permit lloltler is curre11tly ill compfia11ce witlr Di.,·tri~t Rules atUI Re~:ulatiolls. 

Permit Holder Must ~i_gn !:je.r,~ _..,., _,,..,.. .;_,,.,...,..,,,..., _____________ ~1,.....__ 
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BAY AREA 
PERMIT TO OPERATE 

AlRQ,vALITY 
PLANT No. _:....::....: 4.::..18 1..:..: 3 ____ 

MANAGEMEN7 

SOURCE No. _4..:..:2"--------
DISTRIC ~· 

SiNCE 1955 Gateway Generating Station 
3225 Wilbur Avenue, Antioch, CA 94509 

IS HEREBY GRANTED A PERMIT TO OPERATE THE FOLLOWING EQUIPMENT 

Heat Recovery Steam Generator (HRSG) #I, 

~·i th Duct Burn er Supplemental Firing System, 395 MM Btu/hr maximum rated capacity 


abated hy 

A-11 Selective Catalytic Reduction System (SCR) and 

A-12 Oxidation Catalyst 

Suhjcct to attached condition no. 18138.1 

JACK P. HROADUENT 
EXECUTIVE OFFICER!AI'CO 

Permit Issue Date September I3, 20 II 
Reported Start Up Date January 2, 2009 

Permit l!xpimtion Date October 31, 2011 


Right of Entn 
rhc A1r Pollution Control Officer of the Bay Area Air Quality Management District, the Chaimmn of the California Air Resources Board, the Regional 
Adm inistrator of th<: Environmental Protection Agency, and/or their designees, upon presentation of credentials, shall be granted the right ofentry to any 
prcm1ses on "hi.:h an air pollution soun;c is located for the purposes of: i) the inspection of the source ii) the sampling of materials used at the 
source iii) the wnduction of an emissions source test iv) the inspection of any records required by District rule or penn it conditwn. 

Permit Expiration 
In accordance with Regulation 3-408, a Permit to Operate i~ vahd for 12 months from the date of issuance or other time period as approved hy the 
AI'CO. Usc of th1s Permit to Operate is authorized by the District until the later of: the Pennit Exp1ration Date or the Permit Renewal Date. Pt:nnit to 
operate fees will be prorated as described in Regulation 3-402 when the permit is renewed 

This permit docs not authorize violation of the rules and regulations of the BAAQMO or the Health and Safety Code of the State of California. District 
regulations may be viewed on lme at """"·haaumd.gov. This permit IS not transferahlc to another person without approval from the District. It is the 
responsihiliy of the permit holder to have knowledge of and be in compliance with all District Rules and Regulations. 
I. Cmnpliunce with conditions cmrtained in tlris permit doe• not mean tlrut tire permit holder i~· currently in compliurrce witlr District Rule.> urrd Regulations. 

939 ELLIS STREET • SAN fRANCISCO CALIFORNIA 94109 • 415.771.6000 • WWWBAAQMD.GOV 
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BAY AREA PERMIT TO OPERATE 
AIRGllALJTY PLANT No. .....:1:....:8:....:1....;.4.::..3____ 
MANAGEMENT 

SOURCE No. 43 
~~-----DISTRICT 

SINCE 1955 Gateway Generating Station 
3225 Wilbur Avenue, Antioch. CA 94509 

IS HEREBY GRANTED A PERMIT TO OPERATE THE FOLLOWING EQUIPMENT 

Combustion Turbine Generator (CTG) #2 
Gt!ncral 'lectric Frame 7FA.03 (Model PG 7231), 1872 MM Btu/hr maximum rated capacity, 
natural gas fired only 

abated by 
A-13 Selective Catalytic Reduction System (SCR) and 
A-14 Oxidation Catalyst 

Subject to attached condition no. 18138.I 

JACK P. BROADBENT 
EXECUTIVE OFFICER/APCO 

Permit Issue Date September 13,2011 

Reported Start Up Date November 4, 2008 

Permit Expiration Date --= By
O;..;:c;.;:.to~b~c::.:r'-'3~1::.:,:...:2::.:0;..;:1;..;:1~--

Right of Entry 
!he Air Pollution Control Officer of the Bay Area Air Quality Management District, the Chairman of the California Air Resources Board, the Regiona! 
Administrator of the Environmental Protection Agency, and/or their designees, upon presentation of credentials, shall be granted the right of entry to any 
premises on which an air pollution source is located for the purposes of: i) the inspection of the source ii) the sampling of materials used at the 
source iii) the conduction of an emissions source test iv) the inspection of any records required by District rule or permit condition. 

Permit Expiration 
In accordance with Regulation 3-408, a Permit to Operate is valid for 12 months from the date of issuance or other time period as approved by the 
AI'CO . Usc of this Permit to Operate is authorized by the District until the later of: the Permit Expiration Date or the Permit Renewal Date. Permit to 
operate fees will be prorated as described in Regulation 3-402 when the permit is renewed. 

This permit does not authorize violation of the rLJics and regulations of the BAAQMD or the llealth and Safely Code of the State of California. District 
regulations may be viewed on line at ""'"·haaqmd.gll\. This permit is not transferable to another person without approval from the District. It is the 
responsibiliy of- the permit holder to have knowledge of and be in comp.liance with all District Rules and Regulations. 
I. Compliance with conditions contain<'d in this permit doel· not mean that till' permit lwltlt'r if current(\' in compliance with District Rules am/ Rl'gulutions. 

939 ELLIS STREET • SAN fRANCISCO CALIFORNIA 94109 • 415.771.6000 • WWWBMQMD.GOV 

http:WWWBMQMD.GOV


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

BAY AREA 


AtRQ\dALJTY 


• 

PERMIT TO OPERATE 
PLANT No. 18143 

MANAGEMENT 
___;_...::_______ _ SOURCE No. 44 

DISTRICT 

SINCE 1955 Gateway Generating Station 
3225 Wilbur Ave nue, Antioch, CA 94509 

IS HEREBY GRANTED A PERMIT TO OPERATE THE FOLLOWING EQUIPMENT 

llcat Recovery Steam Generator (HRSG) #2, 

with Duct Burner Supplemental Firing System, 395 MM Btu/hr maximum rated capacity 


abated by 

A-13 Selective Catalytic Reduction System (SCR) and 

A-14 Oxidation Catalyst 


Su bject to attac hed condit ion no. 18138. 1 

JACK P. BROADBENT 
EXECUTIVE Ori'ICERJAPCO 

Permit Issue Date September 13, 20 I I 
Reported Start Up Date January I2. 2009 
Permit E."l:pirlltioll Dme October 31, 2011 

Right of Entry 
The Air Pollution Control Officer of the Hay Area Air Quality Management District, the Chairman ofthc California Air Resources Board, the Regional 
Administmtor of the Environmental Protection Agency, and/or their designees, upon presentation of credentials, shall be granted the right of entry to any 
premises on which an air pollution source is located for the purposes of . i) the inspection of the source ii) the sampling of matcrials used at the 
source iii) the c,mduction of an emissions source test iv) the inspection of any records n:quired by Distrio.:t ru le or pcrmit ~:onditiun. 

l'ermit EAuiration 
In a.:.:urdance with Regulation 3-408, a Permit to Operate is valid for 12 months from the date of issuance or other time period as approved hy the 
APCO. Use of this Permit to Operate is authorized by the District until the later of: the Permit Expiration Date or the Permit Renewal Date. Permit to 
operate fees will be prorated as described in Regulation 3-402 wh.::n the penn it is renewed. 

This permit does not authoriLc violation of the rules and regulations of the BAA(.)MD or the Health and Safety Code of the State ofCalitornia. District 
rcgulauons may be viewed on line at ""'"·haa<Jmd.go'. This permit is not transferable to another person without approval from the District It is the 
rcsponsibiliy of the pern1it holder to have knowledge of and be in compliance with all Distn.:t Rules and R.:gulations. 
1. Complimra with condition.• contllill!!cl in thi.\ permit does trot mearr that tire permit holder is curr<'ntly in compliance with District Rule.• and R<'gulations. 
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Plant Name: Gateway Generating Station 
Condition No. 18138 Plant No. 18143 Application No. 1000 

Gateway Generating Station Permit Conditions 


5/7/02 Revised Conditions 6 and 47 

9/13/11 Revised Conditions to be consistent with 

CEC license amendments (August 2009 and Sept. 2011)

and to incorporate the approved consent decree 

r equirements (Civil Action No. 09-4503 SI) 


Definitions: 


1-hour period:

Any continuous 60-minute period beginning on the hour. 


Calendar Day:

Any continuous 24-hour period beginning at 12:00 AM or 0000 

hours . 


Year: 

Any consecutive twelve-month period of time. 


Heat Input:

All heat inputs refer to the heat input at the higher

heating value (HHV) of the fuel, in Btu/scf. 


Rolling 3-hour period:

Any three-hour period that begins on the hour and does not 

include start-up or shutdown periods. 


Firing Hours: 

Period of time during which fuel is flowing to a unit, 

measured in fifteen-minute increments. 


MM Btu: 

million British thermal units. 


Gas Turbine Start-up Mode: 

The lesser of the first 256 minutes of continuous fuel flow 

to the Gas Turbine after fuel flow is initiated or the 

period of time from Gas Turbine fuel flow initiation until 

the Gas Turbine achieves two consecutive CEM data points in 

compliance with the emission concentration limits of 

conditions 20(b) and 20(d). 


Gas Turbine Shutdown Mode: 

The lesser of the 30 minute period immediately prior to the 

termination of fuel flow to the Gas Turbine or the period of 

time from non-compliance with any requirement listed in 

Conditions 20(b) and 20(d) until termination of fuel flow to 

the Gas Turbine. 


Specified PAHs: 

The polycyclic aromatic hydrocarbons listed below shall be 




- -----------~ -----------------------, 

Plant Name: Gateway Generating Station 
Condition No. 18138 Plant No. 18143 Application No. I 000 

considered to Specified PAHs for these permit conditions. 
Any emission limits for Specified PAHs refer to the sum of 
the emissions for all six of the following compounds. 

Benzo[a]anthracene

Benzo[b]fluoranthene

Benzo[k]fluoranthene

Benzo[a]pyrene

Dibenzo[a,h]anthracene

Indeno[1,2,3-cd]pyrene 


Corrected Concentration: 

The concentration of any pollutant (generally NOx, CO, or 

NH3) corrected to a standard stack gas oxygen concentration. 

For emission point P-11 (combined exhaust of S-41 Gas 

Turbine and S-42 HRSG duct burners) and emission point P-12 

(combined exhaust of S-43 Gas Turbine and S-44 HRSG duct 

burners) the standard stack gas oxygen concentration is 15% 

02 by volume on a dry basis. 


Commissioning Activities: 

All testing, adjustment, tuning, and calibration activities 

recommended by the equipment manufacturers and the GGS 

construction contractor to insure safe and reliable steady 

state operation of the gas turbines, heat recovery steam 

generators, steam turbine, and associated electrical 

delivery systems. 


Commissioning Period: 

The Period shall commence when all mechanical, electrical, 

and control systems are installed and individual system 

start-up has been completed, or when a gas turbine is first 

fired 1 whichever occurs first. The period shall terminate 

when the plant has completed performance testing, and is 

available for commercial operation. 


Precursor Organic Compounds (POCs):

Any compound of carbon, excluding methane, ethane, carbon 

monoxide, carbon dioxide, carbonic acid, metallic carbides 

or carbonates, and ammonium carbonate. 


CEC CPM: 

California Energy Commission Compliance Program Manager. 


GGS: 

Gateway Generating Station. 


Conditions for the Commissioning Period 


1. 	 The owner/operator of the GGS shall minimize 

emissions of carbon monoxide and nitrogen

oxides from S-41 and S-43 Gas Turbines and S-



Plant Name: Gateway Generating Station 
Condition No. 18138 Plant No. 18143 Application No. 1000 

42 and S-44 Heat Recovery Steam Generators 
(HRSGs) to the maximum extent possible during
the commissioning period. Conditions 1 through
12 	 shall only apply during the commissioning
period as defined above. Unless otherwise 
indicated, Conditions 13 through 44 shall 
apply after the commissioning period has 
ended. 

2. 	At the earliest feasible opportunity in 
accordance with the recommendations of the 
equipment manufacturers and the construction 
contractor, the S-41 & S-43 Gas Turbine 
combustors and S-42 & S-44 Heat Recovery Steam 
Generator duct burners shall be tuned to 
minimize the emissions of carbon monoxide and 
nitrogen oxides. 

3. 	At the earliest feasible opportunity, in 
accordance with the recommendations of the 
equipment manufacturers and the construction 
contractor, the A-11 and A-13 SCR Systems and 
A-12 and A-14 CO Oxidation Catalyst Systems
shall be installed, adjusted, and operated to 
minimize the emissions of carbon monoxide and 
nitrogen oxides from S-41 & S-43 Gas Turbines 
and S-42 & S-44 Heat Recovery Steam 
Generators. 

4. 	 Coincident with the as designed operation of A-
11 & A-13 SCR Systems, pursuant to conditions 
3, 10, 11, and 12, the Gas Turbines (S-41 & S-
43) and the HRSGs (S-42 & S-44) shall comply
with the NOx and CO emission limitations 
specified in conditions 20(a) through 20(d). 

5. 	The owner/operator of the GGS shall submit a 
plan to the District Permit Services Division 
and the CEC CPM at least four weeks prior to 
first firing of S-41 or S-43 Gas Turbines 
describing the procedures to be followed 
during the commissioning of the gas turbines 
and HRSGs. The plan shall include a 
description of each commissioning activity,
the anticipated duration of each activity in 
hours, and the purpose of the activity. The 
activities described shall include, but not be 
limited to, the tuning of the Dry -Low -NOx 
combustors, the installation and operation of 
t he SCR systems and oxidation catalysts, the 
installation, calibration, and testing of the 
CO and NOx continuous emission monitors, and 



Plant Name: Gateway Generating Station 
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any activities requiring the firing of the Gas 
Turbines (S-41 & S-43) and HRSGs (S-42 & S-44)
without abatement by their respective SCR and 
CO Catalyst Systems. 

6. 	 During the commissioning period, the 
owner/operator of the GGS shall demonstrate 
compliance with conditions 8 through 11 
through the use of properly operated and 
maintained continuous emission monitors and 
data recorders for the following parameters:

firing hours for each gas turbine and each 
HRSG 
fuel flow rates to each train 
stack gas nitrogen oxide emission 
concentrations at P-11 and P-12 
stack gas carbon monoxide emission 
concentrations P-11 and P-12 
stack gas carbon dioxide or oxygen
concentrations P-11 and P-12 

The monitored parameters shall be recorded at 
least once every 15 minutes (excluding normal 
calibration periods or when the monitored 
source is not in operation) for the Gas 
Turbines (S-41 & S-43) and HRSGs (S-42 & S-
44). The owner/operator shall use District-
approved methods to calculate heat input 
rates, NOx mass emission rates, carbon 
monoxide mass emission rates, and NOx and CO 
emission concentrations, summa rized for each 
clock hour and each calendar day. All records 
shall be retained on site for at least 5 years
from the date of entry and made available to 
District personnel upon request. 

7. 	 The District-approved continuous emission 
monitors specified in condition 6 shall be 
installed, calibrated, and operational prior 
to first firing of the Gas Turbines (S-41 & S-
43) and Heat Recovery Steam Generators (S-42 & 
S-44}. After first firing of the turbines, 
the detection range of these continuous 
emission monitors shall be adjusted as 
necessary to accurately measure the resulting 
range of co and NOx emission concentrations. 
The type, specifications, and location of 
these monitors shall be subject to District 
review and approval. 

8. 	The total number of firing hours of S-41 Gas 
Turbine and S-42 Heat Recovery Steam Generator 
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without abatement of nitrogen oxide emissions 
by A-11 SCR System and/or A-12 Oxidation 
Catalyst System shall not exceed 500 hours 
during the commissioning period. Such 
operation of S-41 Gas Turbine and S-42 HRSG 
without abatement shall be limited to discrete 
commissioning activities that can only be 
properly executed without the SCR or Oxidation 
Catalyst Systems fully operational. Upon
completion of these activities, the 
owner/operator shall provide written notice to 
the District Permit Services and Enforcement 
Divisions and the unused balance of the 500 
firing hours without abatement shall expire. 

9. 	 The total number of firing hours of S-43 Gas 
Turbine and S-44 Heat Recovery Steam Generator 
without abatement of nitrogen oxide emissions 
by A-13 SCR System and/or A-14 Oxidation 
Catalyst System shall not exceed 500 hours 
during the commissioning period. Such 
operation of S-43 Gas Turbine and S-44 HRSG 
without abatement shall be limited to discrete 
commissioning activities that can only be 
properly executed without the SCR or Oxidation 
Catalyst Systems fully operational. Upon
completion of these activities, the 
owner/operator shall provide written notice to 
the District Permit Serv1ces and Enforcement 
Divisions and the unused balance of the 500 
firing hours without abatement shall expire. 

10.The total mass emissions of nitrogen
oxides, carbon monoxide, precursor organic
compounds, PM10, and sulfur dioxide that are 
emitted by the Gas Turbines (S-41 & S-43) and 
Heat Recovery Steam Generators (S-42 & S-44)
during the commissioning period shall accrue 
towards the consecutive twelve-month emiss1on 
limitations specified in condition 24. 

11.Combined pollutant mass emissions from 
the Gas Turbines (S-41 & S-43) and Heat 
Recovery Steam Generators (S-42 & S-44) shall 
not exceed the following limits during the 
commissioning period. These emission limits 
shall include emissions resulting from the 
start-up and shutdown of the Gas Turbines (S-
41&S-43). 
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Pollutant Daily Mass Limit 
(lb/calendar day) 

Maximum Hourly
(lb/hour) 

NOx(as N02) 
co 

8,400 
13,000 

400 
584 

POC(as CH4)
PM10 

535 
624 

S02 297 

12. 	 Prior to the end of the Commissioning
Period, the Owner/Operator shall conduct a 
District and CEC approved source test using
external continuous emission monitors to 
determine compliance with condition 21. The 
source test shall determine NOx, CO, and POC 
emissions during start-up and shutdown of the 
gas turbines. The POC emissions shall be 
analyzed for methane and ethane to account for 
the presence of unburned natural gas. The 
source test shall include a minimum of three 
start-up and three shutdown periods. No later 
than twenty working days before the execution 
of the source tests, the Owner/Operator shall 
submit to the District and the CEC Compliance
Program Manager (CPM) a detailed source test 
plan designed to satisfy the requirements of 
this condition. The District and the CEC CPM 
will notify the Owner/Operator of any 
necessary modifications to the plan within 20 
working days of receipt of the plan;
otherwise, the plan shall be deemed approved. 
The Owner/Operator shall incorporate the 
District and CEC CPM comments into the test 
plan. The Owner/Operator shall notify the 
District and the CEC CPM within seven (7)
working days prior to the planned source 
testing date. Source test results shall be 
submitted to the District and the CEC CPM 
within 30 days of the source testing date. 

Conditions for the Gas Turbines (S-41 & S-43) and 
the Heat Recovery Steam Generators (HRSGs; S-42 & S-
44) 

13.The Gas Turbines (S-4 1 and S-43) and HRSG 
Duct Burners (S-42 and S-44) shall be fired 
exclusively on natural gas. (BACT for S02 and 
PM10) 

14.The combined heat input rate to each 
power train consisting of a Gas Turbine and 
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its associated HRSG (S-41 & S-42 and S-43 & S-
44) shall not exceed 2,227 MM Btu per hour, 
averaged over any rolling 3-hour period. (PSD
for NOx) 

15.The combined heat input rate to each 
power train consisting of a Gas Turbine and 
its associated HRSG (S-41 & S-42 and S-43 & S-
44) shall not exceed 49,950 MM Btu per
calendar day. (PSO for PM1 0) 

16.The combined cumulative heat input rate 
for the Gas Turbines (S-41 & S-43) and the 
HRSGs (S-42 & S-44) shall not exceed 
34,900,000 MM Btu per year. (Offsets) 

17.The HRSG duct burners (S-42 and S-44) 
shall not be fired unless its associated Gas 
Turbine (S-41 and S-43, respectively) is in 
operation. (BACT for NOx) 

18.Except as provided in Condition No. 8, S-
41 Gas Turbine and S-42 HRSG shall be abated 
by the properly operated and properly
maintained A-11 Selective Catalytic Reduction 
(SCR) System whenever fuel is combusted at 
those sources and the A-11 catalyst bed has 
reached minimum operating temperature_ (BACT
for NOx) 

19.Except as provided in Condition No. 9, S-
43 Gas Turbine and S-44 HRSG shall be abated 
by the properly operated and properly
maintained A-13 Selective Catalytic Reduction 
(SCR) System whenever fuel is combusted at 
those sources and the A-13 catalyst bed has 
reached minimum operating temperature_ (BACT
for NOx) 

20.The Gas Turbines (S-41 & S-43) and HRSGs 
(S-42 & S-44) shall comply with requirements
(a) through (h) under all operating scenarios, 
including duct burner firing mode. 
Requirements (a) through (h) do not apply
during a gas turbine start-up or shutdown. 
(BACT, PSD, and Toxic Risk Management Policy) 

a.Nitrogen oxide mass emissions (calculated
in accordance with District approved
methods as N02) at P-11 (the combined 
exhaust point for the S-41 Gas Turbine 
and the S-42 HRSG after abatement by A-11 
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SCR System) shall not exceed 20 pounds 
per hour or 0.0090 lb./MM Btu (HHV) of 
natural gas fired. Nitrogen oxide mass 
emissions (calculated in accordance with 
District approved methods as N02) at P-12 
(the combined exhaust point for the S·43 
Gas Turbine and the S·44 HRSG after 
abatement by A-13 SCR System) shall not 
exceed 20 pounds per hour or 0.0090 
lb./MM Btu (HHV) of natural gas fired. 
(PSD for NOx) 

b.The nitrogen oxide emission concentration 
at emission points P- 11 and P-12 each 
shall not exceed 2.5 ppmv, on a dry
basis, corrected to 15% 02, averaged over 
any 1-hour period. (BACT for NOx) 

c.Carbon monoxide mass emissions at P-11 
and P-12 each shall not exceed 0.013 
lb./MM Btu (HHV) of natural gas fired or 
29.22 pounds per hour, averaged over any
rolling 3-hour period. (PSD for CO) 

d.The carbon monoxide emission 
concentration at P-11 · and P-12 each shall 
not exceed 6 ppmv, on a dry basis, 
corrected to 15% 02, averaged over any
rolling 3-hour period. (BACT for CO) 

e.Ammonia (NH3) emission concentrations at 
P-11 and P-12 each shall not exceed 5 
ppmv, on a dry basis, corrected to 15% 
02, averaged over any rolling 3-hour 
period. This ammonia emission 
concentration shall be verified by the 
continuous recording of the ammonia 
injection rate to A-11 and A-13 SCR 
Systems. The correlation between the gas
turbine and HRSG heat input rates, A-11 
and A-13 SCR System ammonia injection 
rates, and corresponding ammonia emission 
concentration at emission points P-11 and 
P-12 shall be determined in accordance 
with permit condition #29. (TAMP for 
NH3) 

f.Precursor organic compound (POC) mass 
emissions (as CH4) at P-11 and P-12 each 
shall not exceed 5.6 pounds per hour or 
0.0025 lb./MM Btu of natural gas fired. 
(BACT) 



------------------------------------------------, 
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g.Sulfur dioxide (S02) mass emissions at P-
11 and P-12 each shall not exceed 6.18 
pounds per hour or 0.0028 lb./MM Btu of 
natural gas fired. (BACT) 

h.Particulate matter (PM10) mass emissions 
at P-11 and P-12 each shall not exceed 11 
pounds per hour or 0.00588 lb./MM Btu of 
natural gas fired when the HRSG duct 
burners are not in operation. Particulate 
matter (PM10) mass emissions at P-11 and 
P-12 each shall not exceed 13 pounds per
hour or 0.00584 lb./MM Btu of natural gas
fired when the HRSG duct burners are in 
operation. (BACT) 

21.The regulated air pollutant mass emission 

rates from each of the Gas Turbines (S-41 and 

S-43) during a start-up or a shutdown shall 

not exceed the limits established below. 

(PSD) 


Pollutant Cold Start-Up Hot Start-Up Shutdown 
(lb/start-up) (lb/start -up) (lb/shutdown) 

Oxides of Nitrogen 452 189 59 
(as N02) 

Carbon Monoxide 990 291 73 
(CO) 

Precursor Organic 109 26 6 
Compounds (as CH4) 

22. 	 The Gas Turbines (S-41 and S-43) shall 

not be in start-up mode simultaneously. (PSD) 


23.Total combined emissions from the Gas 

Turbines and HRSGs (S-41, S-42, S-43, and S-
44), including emissions generated during Gas 

Turbine start-ups and shutdowns shall not 

exceed the following limits during any

calendar day: 


a.1,994 pounds of NOx (as N02) per day
(CEQA) 

b.3,602 pounds of CO per day (PSD) 

c.468 pounds of POC (as CH4) per day (CEQA) 
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d.624 pounds of PM10 per day (PSD) 

e.297 pounds of S02 per day (BACT) 

24.Cumulative combined emissions from the 

Gas Turbines and HRSGs (S-41, S-42, S-43, and 

S-44) and the Diesel Fire Pump Engine (S-47),

including emissions generated during gas

turbine start-ups and shutdowns shall not 

exceed the following limits during any

consecutive twelve-month period: 


a.174.3 	tons of NOx (as N02) per year
(Offsets, PSD) 

b.259.1 	 tons of CO per year (Cumulative
Increase) 

c.46.6 	tons of POC (as CH4) per year
(Offsets) 

d.105 tons of PM10 per year (Offsets, PSD) 

e.48.5 	tons of S02 per year (Cumulative
Increase) 

25.Toxic and HAP Emission Limits 

25.1 	 The maximum projected annual toxic air 

contaminant emissions (per condition 28)

from the Gas Turbines and HRSGs combined 


(S-41, 	S-42, S-43, and S-44) shall not exceed 
the following limits: 

4,102 pounds of formaldehyde per year
506 pounds of benzene per year

38 pounds of specified polycyclic
aromatic hydrocarbons (PAHs) per year 

unless the following requirement is satisfied: 

The owner/operator shall perform a health risk 
assessment using the emission rates determined 
by source test and the most current Bay Area 
Air Quality Management District approved
procedures and unit risk factors in effect at 
the time of the analysis. This risk analysis
shall be submitted to the District and the CEC 
CPM within 60 days of the source test date. 
The owner/operator may request that the 
District and the CEC CPM revise the 
carcinogenic compound emission limits 
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specified above. If the owner/operator
demonstrates to the satisfaction of the APCO 
that these revised emission limits will result 
in a cancer risk of not more than 1.0 in one 
million, the District and the CEC CPM may, at 
their discretion, adjust the carcinogenic
compound emission limits listed above. (TAMP) 

25.2 	The maximum projected annual Hazardous Air 
Pollutant (HAP) emissions from the Gas Turbines 
And HRSGs combined (S-41, S-42, S-43, and S-44) 

shall not exceed the following limit: 

20,000 pounds of hexane per year
(US-CAA, Section 112(g)) 

Conformance with this limit shall be verified 
by the source testing in condition 32. 

26.The owner/operator shall demonstrate 
compliance with conditions 14 through 17, 
20(a) through 20(d), 21, 23(a), 23(b), 24(a),
and 24(b) by using properly operated and 
maintained continuous monitors (during all 
hours of operation including equipment Start-
up and Shutdown periods) for all of the 
following parameters: 

a.Firing Hours and Fuel Flow Rates for each 
of the following sources: S-41 & S-42 
combined and S-43 & S-44 combined. 

b.Carbon Dioxide (C02) or Oxygen (02) 
concentrations, Nitrogen Oxides (NOx)
concentrations, and Carbon Monoxide (CO)
concentrations at each of the following
exhaust points: P-11 and P-12. 

c.Ammonia injection rate at A-11 and A-13 
SCR Systems 

d.Deleted 

The owner/operator shall record all of the 
above parameters every 15 minutes (excluding
normal calibration periods) and shall 
summarize all of the above parameters for each 
clock hour. For each calendar day, the 
owner/operator shall calculate and record the 
total firing hours, the average hourly fuel 
flow rates, and average hourly pollutant
emission concentrations. 
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The owner/operator shall use the parameters
measured above and District-approved
calculation methods to calculate the following 
parameters: 

e.Heat Input Rate for each of the following 
sources: S-41 & S-42 combined and S-43 & 
S-44 combined. 

f.Corrected NOx concentrations, NOx mass 
emissions (as N02), corrected CO 
concentrations, and CO mass emissions at 
each of the following exhaust points: P-
11 and P- 12. 

Applicable to emission points P-11 and P-12, 
the owner/operator shall record the parameters
specified in conditions 26(e) and 26(f) at 
least once every 15 minutes (excluding normal 
calibration periods). As specified below, the 
owner/operator shall calculate and record the 
following data: 

g.total Heat Input Rate for every clock 
hour and the average hourly Heat Input
Rate for every rolling 3-hour period. 

h.on an hourly basis, the cumulative total 
Heat Input Rate for each calendar day for 
the following: each Gas Turbine and 
associated HRSG combined and all four 
sources (S-41, S-42, S-43, and S-44) 
combined. 

i.the average NOx mass emissions (as N02),
CO mass emissions, and corrected NOx and 
CO emission concentrations for every
clock hour and for every rolling 3-hour 
period. 

j.on an hourly basis, the cumulative total 
NOx mass emissions (as N02) and the 
cumulative total CO mass emissions, for 
each calendar day for the following: each 
Gas Turbine and associated HRSG combined, 
and all four sources (S-41, S-42, S-43, 
and S-44) combined. 

k.For each calendar day, the average hourly
Heat Input Rates, Corrected NOx emission 
concentrations, NOx mass emissions (as 
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N02), corrected CO emission 
concentrations, and CO mass em1ssions for 
each Gas Turbine and associated HRSG 
combined. 

l.on a daily basis, the cumulative total 
NOx mass emissions (as N02) and 
cumulative total CO mass emissions, for 
the previous consecutive twelve month 
period for all four sources (S-41, S-42, 
S-43, and S-44) combined. 

(1-520.1, 9-9-501, BACT, Offsets, NSPS, 

PSD, 

Cumulative Increase) 


27.To demonstrate compliance with conditions 
20(f), 20{g), 20(h), 23(c) through 23(e), and 
24(c) through 24(e), the owner/operator shall 
calculate and record on a daily basis, the 
Precursor Organic Compound {POC) mass 
emissions, Fine Particulate Matter (PM10) mass 
emissions {including condensable particulate
matter), and Sulfur Dioxide (S02) mass 
emissions from each power train. The 
owner/operator shall use the actual Heat Input
Rates calculated pursuant to condition 26, 
actual Gas Turbine Start-up Times, actual Gas 
Turbine Shutdown Times, and CEC and District-
approved emission factors to calculate these 
emissions. The calculated emissions shall be 
presented as follows: 

a.For each calendar day, POC, PM10, and S02 
emissions shall be summarized for: each 
power train {Gas Turbine and its 
respective HRSG combined) and all four 
sources {S-41, S-42, S-43, and S-44) 
combined. 

b.on a daily basis, the 365 day rolling 
average cumulative total POC, PM10, and 
S02 mass emissions, for all four sources 
(S-41, S-42, S-43, and S-44) combined. 

(Offsets, PSD, Cumulative Increase) 

28.To demonstrate compliance with Condition 
25, the owner/operator shall calculate and 
record on an annual basis the maximum 
projected annual emissions of Formaldehyde,
Benzene, and Specified PAHs. Maximum 

·' 
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projected annual emissions shall be calculated 
using the maximum Heat Input Rate of 
34,900,000 MM Btu/year and the highest
emission factor (pounds of pollutant per MM 
Btu of Heat Input) determined by any source 
test of the S-41 & S-43 Gas Turbines and/or S-
42 & S-44 Heat Recovery Steam Generators. If 
this calculation method results in an 
unrealistic mass emission rate (the highest
emission factor occurs at a low firing rate)
the applicant may use an alternate 
calculation, subject to District approval.
(TAMP) 

29.Within 60 days of start-up of the GGS, 
the owner/operator shall conduct a District-
approved source test on exhaust point P-11 or 
P-12 to determine the corrected ammonia (NH3)
emission concentration to determine compliance
with condition 20(e). The source test shall 
determine the correlation between the heat 
input rates of the gas turbine and associated 
HRSG, A-11 or A-13 SCR System ammonia 
injection rate, and the corresponding NH3 
emission concentration at emission point P-11 
or P-12. The source test shall be conducted 
over the expected operating range of the 
turbine and HASG (including, but not limited 
to minimum, 70%, 85%, and 100% load) to 
establish the range of ammonia injection rates 
necessary to achieve NOx emission reductions 
while maintaining ammonia slip levels. 
Continuing compliance with condition 20(e)
shall be demonstrated through calculations of 
corrected ammonia concentrations based upon 
the source test correlation and continuous 
records of ammonia injection rate. (TAMP) 

30.Within 60 days of start-up of the GGS and 
on an annual basis thereafter, the 
owner/operator shall conduct a District-
approved source test on exhaust points P-11 
and P-12 while each Gas Turbine and associated 
Heat Recovery Steam Generator are operating at 
maximum load to determine compliance with 
Conditions 20(a), (b), (c), (d), (f), (g), and 
(h), while each Gas Turbine and associated 
Heat Recovery Steam Generator are operating at 
minimum load to determine compliance with 
Conditions 20(c) and (d), and to verify the 
accuracy of the continuous emission monitors 
required in condition 26. The owner/operator 
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shall test for (as a minimum): water content, 
stack gas flow rate, oxygen concentration, 
precursor organic compound concentration and 
mass emissions, nitrogen oxide concentration 
and mass emissions (as N02), carbon monoxide 
concentration and mass emissions, sulfur 
dioxide concentration and mass emissions, 
methane, ethane, and particulate matter (PM10)
emissions including condensable particulate
matter.(BACT, offsets) 

31.The owner/operator shall obtain approval
for all source test procedures from the 
District's Source Test Section and the CEC CPM 
prior to conducting any tests. The 
owner/operator shall comply with all 
applicable testing requirements for continuous 
emission monitors as specified in Volume V of 
the District's Manual of Procedures. The 
owner/operator shall notify the District's 
Source Test Section and the CEC CPM in writing
of the source test protocols and projected 
test dates at least 7 days prior to the 
testing date(s). As indicated above, the 
Owner/Operator shall measure the contribution 
of condensable PM (back half) to the total 
PM10 emissions. However, the Owner/Operator 
may propose alternative measuring techniques 
to measure condensable PM such as the use of a 
dilution tunnel or other appropriate method 
used to capture semi-volatile organic
compounds. Source test results shall be 
submitted to the District and the CEC CPM 
within 60 days of conducting the tests. 
(BACT) 

32.Within 60 days of start-up of the GGS and 
on a biennial basis (once every two years)
thereafter, the owner/operator shall conduct a 
District-approved source test on exhaust point
P-11 or P-12 while the Gas Turbine and 
associated Heat Recovery Steam Generator are 
operating at maximum allowable operating rates 
to demonstrate compliance with Condition 25. 
If three consecutive biennial source tests 
demonstrate that the annual emission rates 
calculated pursuant to condition 28 for any of 
the compounds listed below are less than the 
BAAQMD Toxic Risk Management Policy trigger
levels shown, then the owner/operator may
discontinue future testing for that pollutant: 
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Benzene less than or equal 26.8 pounds/year
Formaldehyde less than or equal 132 pounds/year
Specified PAHs less than or equal 0.18 pounds/year

(TAMP) 


33.The owner/operator of the GGS shall 

submit all reports (including, but not limited 

to monthly GEM reports, monitor breakdown 

reports, emission excess reports, equipment

breakdown reports, etc.) as required by

District Rules or Regulations and in 

accordance with all procedures and time limits 

specified in the Rule, Regulation, Manual of 

Procedures, or Enforcement Division Policies & 

Procedures Manual. (Regulation 2-6-502) 


34.The owner/operator of the GGS shall 

maintain all records and reports on site for a 

minimum of 5 years. These records shall 

include but are not limited to: continuous 

monitoring records (firing hours, fuel flows, 

emission rates, monitor excesses, breakdowns, 

etc.), source test and analytical records, 

natural gas sulfur content analysis results, 

emission calculation records, records of plant 

upsets and related incidents. The 

owner/operator shall make all records and 

reports available to District and the CEC CPM 

staff upon request. (Regulation 2-6-501) 


35.The owner/operator of the GGS shall 

notify the District and the CEC CPM of any

violations of these permit conditions. 

Notification shall be submitted in a timely 

manner, in accordance with all applicable

District Rules, Regulations, and the Manual of 

Procedures. Notwithstanding the notification 

and reporting requirements given in any

District Rule, Regu lation, or the Manual of 

Procedures, the owner/operator shall submit 

written notification (facsimile is acceptable) 

to the Enforcement Division within 96 hours of 

the violation of any permit condition. 

(Regulation 2-1-403) 


36.The stack height of emission points P-11 

and P-12 shall each be at least 195 feet above 

grade level at the stack base. (PSD, TAMP) 


37.The Owner/Operator of GGS shall provide

adequate stack sampling ports and platforms to 

enable the performance of source testing. The 
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location and configuration of the stack 
sampling ports shall be subject to BAAOMD 
review and approval. (Regulation 1-501) 

38.Within 180 days of the issuance of the 

Authority to Construct for the GGS, the 

Owner/Operator shall contact the BAAQMD 

Technical Services Division regarding

requirements for the continuous monitors, 

sampling ports, platforms, and source tests 

required by conditions 26, 29, 30 and 32. All 

source testing and monitoring shall be 

conducted in accordance with the BAAQMD Manual 

of Procedures. (Regulation 1-501) 


39.Prior to the issuance of the BAAQMD 

Authority to Construct for the GGS, the 

Owner/Operator shall demonstrate that valid 

emission reduction credits in the amount of 

200.5 tons/year of Nitrogen Oxides, 53.6 
tons/year of Precursor Organic Compounds or 
equivalent (as defined by District Regulations
2-2-302.1 and 2-2-302.2), and 315 tons of 
Sulfur Oxides are under their control through
enforceable contracts, option to purchase 
agreements, or equivalent binding legal
documents. (Offsets) 

40.Prior to the start of construction of the 

GGS, the Owner/Operator shall provide to the 

District valid emission reduction credit 

banking certificates in the amount of 200.5 

tons/year of Nitrogen Oxides, 53.6 tons/year

of Precursor Organic Compounds or equivalent 

as defined by District Regulations 2-2-302.1 

and 2-2-302.2 and 315 tons of Sulfur Oxides. 

(Offsets) 


41.Pursuant to BAAQMD Regulation 2, Rule 6, 

section 404.3, the owner/operator of the GGS 

shall submit an application to the BAAQMD for 

a significant revision to the Major Facility

Review Permit prior to commencing operation.

(Regulation 2-6-404.3) 


42. Pursuant to 40 CFR Part 72.30(b)(2)(ii)

of the Federal Acid Rain Program , the 

owner/operator of the GGS shall not operate

either of the gas turbines until either: 


a. 	 a Title IV Operating Permit has been 
issued; 
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b. 	 24 months after a Title IV Operating
Permit Application has been submitted, 
whichever is earlier. 

(Regulation 2, Rule 7) 

43.The GGS shall comply with the continuous 
emission monitoring requirements of 40 CFR 
Part 75. (Regulation 2, Rule 7) 

44.The owner/operator shall take monthly
samples of the natural gas combusted at the 
GGS. The samples shall be analyzed for sulfur 
content using District-approved laboratory
methods or the owner/operator shall obtain 
certified analytical results from the gas
supplier. The sulfur content test results 
shall be retained on site for a minimum of 
five years from the test date and shall be 
utilized to satisfy the requirements of 40 CFR 
Part 60, subpart GG. Sulfur content shall be 
no more than 1.0 grains/100scf.
(cumulative increase) 

Additional Conditions from Approved Federal Consent 
Decree (C~vil Action No. 09-4503 SI) Included by
PG&E's Request 

CD-1 The Gas Turbines (S-41 & S-43) and HRSGs 
(S-42 & S-44) shall comply with requirements
(a) and (b) under all operating scenarios, 
including duct burner firing mode, except as 
specified in Condition CD-2. 
a. 	The nitrogen oxide emission concentration at 

emission points P-11 and P-12 each shall not 
exceed 2.0 ppmv, on a dry basis, corrected 
to 15% 02, averaged over any 1-hour period.

b. 	 Particulate matter (PM10) mass emissions at 
P-11 and P-12 each shall not exceed 7.50 
pounds per hour when the HRSG duct burners 
are not in operation. Particulate matter 
(PM10) mass emissions at P-11 and P-12 each 
shall not exceed 9.0 pounds per hour when 
the HRSG duct burners are in operation.
Particulate matter (PM10) mass emissions at 
P-11 and P-12 each shall not exceed 0.004 
lb/MMBtu of natural gas fired. 

(Basis: Voluntary-Consent Decree) 

CD-2 NOx emissions during Natural-Gas 
Combustion Turbine Start-up Mode and during 
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Natural-Gas Combustion Turbine Shutdown Mode 
shall not be included in calculating compliance
with the one-hour 2.0 ppmv NOx concentration 
emission limit set forth in Condition CD-1. 
Natural-Gas Combustion Turbine Start-up Mode is 
the lesser of the first 256 minutes of 
continuous fuel flow to the natural gas-fired
combustion turbine after fuel flow is initiated 
or the period of time from natural gas-fired
combustion turbine fuel flow initiation until 
the natural gas-fired combustion turbine 
achieves two consecutive continuous emission 
monitor data points in compliance with the 2.0 
ppmv NOx emission concentration limit. Natural-
Gas Combustion Turbine Shutdown Mode is the 
lesser of the 30 minute period immediately
prior to the termination of fuel flow to the 
natural gas-fired combustion turbine or the 
period of time from noncompliance with the 2.0 
ppmv NOx emission concentration limit until 
termination of fuel flow to the natural gas
fired combustion turbine. 
(Basis: Voluntary-Consent Decree) 

CD-3 Cumulative combined emissions from the Gas 
Turbines and HRSGs (S-41, S-42, S-43, and s-
44), including emissions generated during gas
turbine start-ups and shutdowns, shall not 
exceed the following limits during any
consecutive twelvemonth period: 
a. 139.2 tons of NOx (as N02) per year
b. 18.5 tons of S02 per year

(Basis: Voluntary-Consent Decree) 


CD-4 The Gas Turbines (S-41 and S-43) and HRSG 
Duct Burners (S-42 and S-44} shall be fired 
exclusively on natural gas with a maximum 
sulfur content no greater than 1 grain per 100 
standard cubic feet. 
(Basis: Voluntary-Consent Decree) 

End CJ/ &uuLitioM 
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SINCE 1955 

PERMIT TO OPERATE 

PLANT No. 

SOURCE No. 

Gateway Generating Station 
3225 Wilhur Avenue, Antioch, CA 94509 

181·43 

47 

IS HEREBY GRANTED A PERMIT TO OPERATE TIIF FOLLOW ING EQUIPMENT 

Diesel Fire Pump Engine 
Emergency standby, IC Engine, Deere Power Systems, model JW6H-UF/\DFO, 311 bhp 

Subject to attached condition no. 25057. 1 

JACK P BROADBENT 
EXECUTIVE OFHCER/AI'CO 

Permit Issue Date September 13. :w II 

Reported Start Up Date August 6, 20 I 0 

Permit Expiration Date October 31, 2011 By 


Right of F.ntry 
!'he Air Pollution Control Officer of the Bay Area Air Quality Management District, the Chairman of the California Air Resources Board, the Regional 
Administrator of the Environmental Protectwn Agency, and/or their designees, upon presentation of credentials, shall be b'Tanted the right of entry to any 
prcm1ses on which an air pollution source is located for the purposes of: i) the inspection of the source ii) the sampling of materials used at the 
source iii) the conduction of an cmiss1ons source test iv) the in~pcction of any records required by District rule or permit condition. 

Permit Expinttion 
In accordam:c with Regulation 3-408, a Permit to Operate is valid for 12 months from the date of issuance or other time period as approved hy the 
APCO. Usc of this Permit to Operate is authorized by the District until the later of: the Pem1it Expiration Oate or the Permit Renewal Oate Permit to 
operate lees will he prorated as dcscrihcd in Regulation 3-402 when the permit is renewed. 

This permit docs not authorize violation of the rules and regulations of the RAAQMD or the Ilealth and Satcty Code of the State of Calilornia. District 
regulations may he vie\\ed on line: at '""'·haayrnd.gcw. This permit is not translcrahle to another person without approval from the District. It is the 
rcsponsibiliy of the permit holder to have knowledge of and he in compliance with all District Rules and Regulations. 
1. Complimrce with conditions contflined in thi.~ permit does not mean that the pamit holder if currt!lltly in comptimrce with Vi.•tricr Rules ami Re~:ulations. 

J>crmit Holder Must Sign Here 
c./ 

939 ELLIS STREET • SAN fRANCISCO CALIFORNIA 94109 • 415.771.6000 • WWWBAAQMD.GOV 

http:WWWBAAQMD.GOV
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I. 	 The owner/operator shall not exceed 50 hours per year per engine for reliability-related testing. 

[Basis: "Stationary Diesel Engine ATCM" section 93115, title 17, CA Code of Regulations, subsection 

(e)(2)(A)(3) or (e)(2)(B)(3)] 


2. 	 The owner/operator shall operate each emergency standby engine only for the following purposes: to 
mitigate emergency conditions, for emission testing to demonstrate compliance with a District, State or 
Federal emission limit, or for reliability-related activities (maintenance and other testing, but excluding 
emission testing). Operating while mitigating emergency conditions or while emission testing to show 
compliance with District, State or Federal emission limits is not limited. 
[Basis: "Stationary Diesel Engine A TCM" section 93115, title 17, CA Code of Regulations, subsection 
(e)(2)(A)(3) or (e)(2)(B)(3)] 

3 . 	 The owner/operator shall operate each emergency standby engine only when a non-resettable totalizing 
meter (with a minimum display capability of9,999 hours) that measures the hours of operation for the 
engine is installed, operated and properly maintained. 
[Basis: "Stationary Diesel Engine A TCM" section 93115, title 17, CA Code of Regulations, 
subsection(e )( 4 )(G)( I)] 

4. 	 Records: The owner/operator shall maintain the following monthly records in a District-approved log for 
at least 36 months from the date of entry (60 months ifthe facility has been issued a Title V Major 
Facility Review Permit or a Synthetic Minor Operating Permit). Log entries shall be retained on-site, 
either at a central location or at the engine's location, and made immediately available to the District 
staff upon request. 
a. 	 Hours of operation for reliability-related activities (maintenance and testing). 
b. 	 Hours of operation for emission testing to show compliance with emission limits. 

c. 	 Hours of operation (emergency). 

d. 	 For each emergency, the nature of the emergency condition. 

e. Fuel usage for each engine(s). 

[Basis: "Stationary Diesel Engine ATCM" section 93115, title 17, CA Code of Regulations, subsection 

(e)(4)(1), (or, Regulation 2-6-501)] 


5. 	 At School and Near-School Operation: 
If the emergency standby engine is located on school grounds or within 500 feet of any school grounds, 
the following requirements shall apply: 

The owner/operator shall not operate each stationary emergency standby diesel-fueled engine for non-
emergency use, including maintenance and testing, during the following periods: 
a. 	 Whenever there is a school sponsored activity (if the engine is located on school grounds) 
b. 	 Between 7:30a.m. and 3:30p.m. on days when school is in session. 

"School"' or "School Grounds" means any public or private school used for the purposes of the education 
of more than 12 children in kindergarten or any of grades I to 12, inclusive, but does not include any 
private school in which education is primarily conducted in a private home(s). "School" or "School 
Grounds" includes any building or structure, playground, athletic field, or other areas of school property 
but does not include unimproved school property. 
[Basis: "Stationary Diesel Engine ATCM" section 93115, title 17, CA Code of Regulations, subsection 
(e)(2){A)(l)] or (e)(2)(B)(2)] 

6. 	 The owner/operator shall use the latest EPA Tier level engine avai lable at the time of permit issuance for 
the diesel fire pump. (BACT) 



Agreement for Partial Dele~ation of the 

Federal Pre\ ·ention of Signi !icant Dete ri o ra tion ( PSIJ J no~r~ii .. 


Set Forth ln -W C.F.R . Sectic :~ ~~ . "' · 

by the UnireJ States Em·ironmenra l Protection Age nc y. Reg ion Ci 


ro the Bay Area Air Q uality Management lJ tstncr 


Th,, u ndersi1! ned. on bchall'ol' tlh.' Bav Area Air Ouali t,· rvl ana~ement District I Dist rict) 

,., ,.j ihL· lnitcd Sta te::-. l:ll\ irunmc nt al Protection Age ncy 1L:PA). hereby agree to partia l 

delegation ol'aut hority to is~ue Prc\ent ion oi'S ignil l cant Deterioration (PSDJ in itinl perm its. It) 

modi I~ c.\isti ng PSD permit;.;. and to extend existing PSD pc rmih. s ubj ect to the l crm.~ :~:: ·. 1 

condi tion s or this Agree men!. Th is parti al dekgation is C\ cCUlcd pursua nt to 40 C.F .R . Section 

:'2.21 (u). Ddc·gation o l' Aut horit~' 

I. Background Recitals 

I. 	 In accordance ,,·ith Sec tions J6:' ct seq . ot'the Ckan Air Act. L:P.I\ has adop ted 

regubtiotb thnt imp kmcnt the Ckan .:\ir Act · ~ Pre,ention oi'Signilicant Dcle rioratiun 

I PSO) pro gram. Th c:--c regul ation:-- ar~ se t rorth in -lO C. F.R . Section 52 .2 l. T ht:st' 

regu lations have been incor porated as part of the: ap pli cable C'alit'ornia State pla n for 

implementation of th e Ne\\ Source R~' iew program unckr the Ckan Air Act pursua nt to 

-W C.F. R. St:ct ion :'2.2 70!<1)(3). and t he~ f!O\c rn the impkmc:n ta tion t)l' tllc Ckan Air 

Act's PSD requi rements in the Sa n Francisco 1:3 ay Area . 

' 	 LPA's PSD regulation:-- require that ce rt ain sta ti onar~· so urce·:-. ol'a ir pollutant emis:--iun:--

mus t unck rgo a PSD :--ource re\ ie\\ and o btain a PSD perm it bci'ore they rnay be 

coJhtructed and ope rated. as set l'orth in 40 C. F.R. Sec t ion :'2.21 . 

3. 	 l .. ndcr Subs~ction (u) or ~P/\ '~ PSD Regulati(lll~. -lOc·.F.R. ~ ='2 .21 (u). LP .L\ 1nay 

tkkgatc its au tho rity to cotH.I u ~·t its PSD ~ou rc~ re\ ie'' unJc:r -+0 CY .R. Sc-ct io n 52 .2 1 to 

the District !'or sc1uras wi thin the District's geograp hica l jurisdiction . Pur:-uant to such 

(kkgatio n. the Di~trict "s ta nd:-- in the s hoc:--" or L:P.<\ !'or purposes ol' conduc ti ng the PSD 

~oun.:e rev ic\\ and issuing the PSD permit. and in doing ~o must l()llo\\ and implem ent 



the same substantive and procedural requirements as EPA would ifit were conducting the 

PSD source review and issuing the PSD permit itself. 

4. 	 EPA and the District have entered into several PSD delegation agreements in the past 

under 40 C .F .R. Section 52.2l(u), the most recent ofwhich became effective February 6, 

2008. These prior delegation agreements were based on a finding that the PSD portion of 

District Regulation 2, Rule 2, generally meets the requirements of 40 C.F.R. Section 

52.21 for issuing PSD permits, and that District permits issued in accordance with the 

provisions of District Regulation 2, Rule 2 would therefore be deemed to meet the federal 

PSD permit requirements in 40 C.F .R. Section 52.21. (These prior delegation agreements 

did not, however, delegate authority to issue PSD permits using new additional 

calculation methodologies for determining if a proposed project will result in a major 

modification and the application of a Plantwide Applicability Limit (PAL), which were 

promulgated by EPA effective March 3, 2003, (see 67 Fed. Reg. 80,186), and were 

upheld by the United States Court ofAppeals for the District of Columbia Circuit on June 

24, 2005.) 

5. 	 It has now become clear that although the PSD portion of District Regulation 2, Rule 2 

may be generally consistent with the Federal PSD requirements in 40 C.F.R. Section 

52 .21, the District's regulations are not completely consistent with the Federal PSD 

requirements in every respect. Accordingly, if the District issues PSD pem1its under its 

Regulation 2, Rule 2, such permits may not in certain circumstances satisfy all federal 

PSD requirements in 40 C.F .R . Section 52 .21, or all federal procedural requirements for 

PSD permit issuance in 40 C.F.R. Part 124. EPA and the District are therefore revising 

their delegation agreement under 40 C.F.R. Section 52.21(u) to clarify that the District 

must issue PSD permits pursuant to the federal PSD requirements of 40 C.F.R. Section 

52.21, and under the provisions of District Regulation 2, Rule 2 only to the extent that 

that such provisions are consistent with the requirements of 40 C.F.R. Section 52.21. 



II. Scope of Partial De legation 

dl:"legate <lu thorit y to til~ Di:-.tril·t 111 i:--:-.u~· ne \\ or !lhldi ll ~.?d PSD pe rmit:-- ba:--ed on P:\L;,.. 

hH all appli cat io ns !'or nc>w . modi lied. or ex te nded PSD pt.>nnits othl:"r tha n tho:--e 

d.:~cribed in Paragrap h II. I . abm 1.' . 0!:-trict-i :-:-u~cl permit.... " ·ith kde ra l PSO prm ision:-. 

th at: 

a. 	 sa tisl'y a ll or the subs ta nti\ c requirement:-. or the PSD program in -W C.F. R. Sl:"ction 

5::! .:! I. inc lucirng C\\ ithout li mita ti on) the l ~dera l B-\ CT requ irem t• nt pursuant to -HJ 

C.F. R. Sec ti on 52 .2 1(j J an d -W C. r . R. Scdi(lll 52.2llbH 12). a nd lht• impac t analys i:-. 

requ ire ments pursuanl \(l -41) C. F . R. Sect itl n 52 .2 I1k J-1 o ): a nd 

b . 	 h<H e ht'e n i:-.:-wd in compli ance \\ ilh all or the procedural r-:quiremcnb u l ' t h~;.· PSD 

p t\lgmm in -tO C.F. R. Sl.'ction 52.2 1 and -tO C. I-' . R. Pn11 12-+ : 

;:, lu'l ll bc- deem ed lumeet !~dera l PSD permi t requirement:-- purs uant tu the pro' ision:- ol' 

thi:-. dekgation agrct'mcn l. 

Ill . :\ pplicahility 

I . 	 l:PA and the Di:-tri c t have agn:·cd ttl thi:-. partial dl.'kg<Hion nl' PSD aut lwrity to allo\\' the 

District to issue tniti,tl ;md modill...:d PSO pa mib Jnd c\1\: nsion:-. or PSD perm its. cxcc:pt 

t'or nwJ ilie J permit:- ba:-c-J on an appltcabiltty dcll.'rminatitlll u:-ing the methods aduptc:J 

on Dc:cc-mber 3 1. ~002 (se e 6 7 Fed . Reg. l-:0.1 ~A) . t.:P..l. ~ hall ma~c the PSD app l icabil i t~' 

dctermi nation and i:-.:-uc <tny J tccc:-.:-:tr~ PSD penn i ~:- i!'a :-.tlurcc :-.ceb a PSD applicabi lity 

determ inati on u:-.ing the ntdhocb adopted on Decc111h~.· r 3 1. ~002: or :-. cc: b a ne\\' or 

llltldil'ied PSD permit:- with a PAL. (:vl odi lirat ion:- i1tclude Adm inis trati\ e An1c· ndmc:nt:-.. 

Pur:-. uant ttl this pa rt wl dc:kg a uo n ag reen tent. the D~:-.tric t :-.ha ll h<t\ e prin t<H~' 


r(''> po nsibilit y ror issu ing allnc \\ and nwd ili ed PSD perm its and c \len:-.ions or PSD 


pe rmib . 


.,..) 



3 . T he authority to issue a PSD perm it t:ontaini ng a Pr\L i:-. ntH(kkga ted 10 the Distnc t a> 

part or thi :-. dekgation ag. rt:l:'l1lt'lll. II' any J'a cil it~· :-.llbjccl tu till:- agr~.:'Clllt'lll rcmll:':'h a 11t:\' 

pe rmi t or pe rm it modilit:ation to inc.::orpora tc co ndition:-. l<1r a PAL.. as pro\ idc:d in -+ t 

C.F. R. Sect ion 52.21(na).lPA :-.lwll process the applica tio n and i:-.suc the- ll na l PA L 

permit l(n· th.:: rnodili ca tion . 

-+ I:P.-\ is r,_-;-;pon:-. ibk !'or th e i:-.sU<lncc: ol· PSD p..;mlib 011 Indi a n L and;-, unde r Sec tio tb II 0 

:Jncl301 or the> Ckan Air Act. Th i:-. agrt>cml?nt (h..lcs not grant o r dekgatl? any <lllt lwrity 

under th e Cknn Air Act on Indian Land:-. to the Di:-.tril'l. 

' l 'his parti ed de l ~gatiOI1 o r PS I_) authority hecotne~ e n~Lti\ ~ upon lh~ dale or ~i gna turc by 

both parti es to thi:-. agreement. 

1\'. Ge neral Ddcgatio n Conditions 

I . l'l! e Distri ct :-. li <l ll i:-.:-.ue PS I) pe rn11t:-. umler th i:-. paninl de-legation <lg reement in 

accordance wit h tl! o;.> ro;.>quiremenh o r 40 C.F.R. Section 52 .2 1 in c l'l ~c t as ol'tht: date the> 

Di:-.trtc t is:;ue:-. thl:' li n;d pam it. 1:''\l'C' pt a:- prtl\ idcd in Suhs~ct i (lll 1II: ;lncL !\l the cXt<:!lll 

tha t t h~ PSD r~quirc-mt:.nb o!' thc District' s Regulati(Hl 2. Rule~ arc· con:-. i:-;t ~nt \\ i1h the 

req uireme nts ol. -+ 0 C.F .R. Section 52 .21. in ncc\lrda ncc \Yilh tho se requirements a~ \\ell. 

The Di:->trictma;-· { b ill :-.lw ll not b.:: req uired to) i:-.suc l:cdcra l PSD pen11it:-. in a n intcgratecl 

permit proc ced ing a long with pe rmi t:-. required uncia ( ·a lil'(lrnia la\\ and Di:-.trict 

regubtions. and ma y include both Federal PS O r~quirem~nh and Ca li l'orni a and ·or 

Dist rict requirellle nt:-. in a :-.ingle. in lc.'gr~llcd pt:rmit J ucument. All Federal PSD pe n nit 

cond ition s shal l be ckarly identified in any intc:gratl.'d p~rl1l it don11nent i:-;suecl. ~olh ing 

in this partia l delega ti o n ag rco;.> llh'llt shal l be COJhtruc-d to direct or to autho ritc' t h ~ Di:->lrict 

1(1 i:-.:-.ue PSD pe rm it:-. in an inkgralc:d permit prol:eed ing tha t are in cons i:-.tent \\ ith h :de ra l 

PSD req uireme nt:-.. hm\ C \ e r ..\ny pnl\ i:-.tu tb that are inL· IuJ ed in an intcgrat~d pe rmit 

documl:'nt under Ca liiC."l mia la\\ . o r Di:-tric.::t regulation~ th~ll are not cnn:-.i:-.lcl\t \\·it h or 

authori..:~d b' th o;.> h:daa l PSD requirc'me nts :-. hall no t be consider...-d part o t. thc: Fc:ckr:1 l 

PSD permit. 



3. 	 This partial delegation agreement may be amended at any time by the formal written 

agreement of both the District and the EPA, including amendments to add, change. or 

remove terms and conditions ofthis agreement. 

4. 	 EPA may review the PSD permit(s) issued by the District to ensure that the District's 

implementation of this delegation agreement is consistent with federal PSD regulations 

for major sources, major modifications, and permit extensions as set forth in 40 C.F.R. 

Section 52.21 and 40 C.F.R. Part 124. 

5. 	 IfEPA determin~s that the District is not implementing or enforcing the PSD program in 

accordance with the terms and conditions of this partial delegation agreement, 40 C.F.R. 

Section 52.21, 40 C.F.R. Part 124, or the Clean Air Act, EPA may after consultation with 

the District revoke this partial delegation agreement in whole or in part. Any such 

revocation shall be effective as of the date specified in a Notice of Revocation to the 

District. 

6. 	 Revocation of this partial delegation agreement as specified in Paragraph IV.5. above 

shall be the sole remedy available for any failure by the District to implement or enforce 

the PSD program in accordance with the terms and conditions ofthis partial delegation 

agreement, 40 C.F.R. Section 52.21, 40 C.F.R. Part 124, or the Clean Air Act. The 

District's agreement to implement the Federal PSD program on EPA's behalf, and EPA's 

agreement to delegate its authority for the Federal PSD program to the District under 40 

C.F.R. Section 52.21(u), is not intended and shall not be construed to alter ?r expand the 

statutory limits on the imposition of sanctions against the District under the Clean Air Act 

for failure to administer and enforce federal regulatory requirements as described in 

Brown v . EPA, 521 F.2d 827 (9ch Cir. 1975), vacated as moot, 431 U.S. 99 (1977), and 

Brown v . EPA, 566 F.2d 665 (9'h Cir. 1977). 

7. 	 If the District detem1ines that issuing a PSD permit or permits in accordance with the 

terms and conditions ofthis partial delegation agreement, 40 C.F.R. Section 52.21, 40 

C.F.R. Part 124, and the Clean Air Act conflicts with State or local law, or exceeds the 
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District's authority or resources to fully and satisfactorily carry out such responsibilities. 

the District after consultation with EPA may remand administration of such permits. or of 

Federal PSD delegation in its entirety, to EPA. Any such remand shall be effective as of 

the date specified in a Notice of Remand to EPA. 

8. 	 The permit appeal provisions of40 C.F.R. Part 124, including subpart C thereof, 

pertaining to the Environmental Appeals Board (EAB), shall apply to all federal PSD 

permitting action appeals to the EAB for PSD permits issued by the District under this 

partial delegation agreement. For purposes of implementing the federal permit appeal 

provisions under this partial delegation, the District shall notify the applicant and each 

person who submitted written comments or requested notice of final permit decision of 

the final permit decision in accordance with 40 C.F.R. Section 124.15. The notice of 

final permit decision shall include (i) reference to the procedures for appealing the final 

permit decision under 40 C.F.R. Section 124.19; and (ii) a statement ofthe effective date 

ofthe final permit decision established pursuant to 40 C.F.R Section 124.15(b) and that 

the effective date shall be suspended if the fmal permit decision is appealed pursuant to 

40 C.F.R. Section 124.19 until such appeal is resolved by the EAB. 

V. 	 Communication Between EPA and the District 

The District and EPA will use the following communication procedures: 

I. 	 The District will forward to EPA copies of (1) all draft PSD pem1its prepared by the 

District pursuant to 40 C.F.R. Section 124.6; (2) all "Statements of Basis" prepared by 

the District pursuant to 40 C.F.R. Section 124.7 and/or "Fact Sheets" prepared by the 

District pursuant to 40 C.F.R. Section 124.8; and (3) all public notices the District issues 

pursuant to the requirements of 40 C.F.R. Section 124.10. Such copies shall be provided 

to EPA at or prior to the beginning ofthe public comment period for each PSD 

preliminary detem1ination. 

2. 	 Upon any final PSD permit issuance, the District will forward to EPA copies ofthe notice 

of final permit issuance required by 40 C.F.R Section 124.15(a) and the responses to 
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public comments required by 124.17(a) (if any); and, if requested by EPA, copies of all 

substantive comments (if any) . 

3. 	 The District shall forward to EPA copies of all PSD non-applicability determinations that 

utilize netting. All such deterrninations must be accompanied by a written justification. 

VI. EPA Policies Applicable to PSD Review 

1. 	 All PSD BACT determinations are required to perform a "top-down" BACT analysis . 

EPA will consider as deficient any BACT determination that does not begin with the 

most stringent control options available for the source under review . 

2. 	 The District shall notify and/or consult with the appropriate Federal, State and local 

agencies as required by 40 C.F.R. Section 52.21 and 40 C .F.R. Part 124. The District 

shall (among other requirements as applicable) : 

a. 	 Notify the appropriate Class I area Federal Land Manager(s) within 30 days of receipt 

of a PSD permit application and at least 60 days prior to any public hearing if the 

emissions from a proposed facility may affect any Class I area(s), as required by 40 

C .F.R. Section 52 .2l(p); 

b. 	 Notify the Fish and Wildlife Service (FWS) and EPA when a submitted PSD permit 

application has been deemed complete, in order to assist EPA in carrying out its non-

delegable responsibilities to consult with FWS under Section 7 of the Endangered 

Species Act; 

c. 	 Notify the applicant ofthe potential need for consultation between EPA and FWS if 

an endangered species may be affected by the project; and 

d. 	 Refrain from issuing a final PSD permit unless FWS has detem1ined that the 

proposed project will not adversely affect any endangered species. 

VII. Permits 

1. 	 The District shall follow EPA guidance on any matter involving the interpretation of 

sections 160-169 of the Clean Air Act or 40 C.F.R. Section 52 .21 relating to applicability 

determinations, PSD permit issuance and enforcement. EPA shall provide guidance to 
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the District as appropriate in response to any request by the District for guidance on such 

federal PSD issues. 

2. 	 The District shall at no time grant any waiver of the PSD permit reqmremems. 

3. 	 Federal PSD permits issued by the District must include appropriate provisions to ensure 

permit enforceability. PSD permit conditions shall, at a minimum, contain reporting 

requirements on initiation of construction, initial commencement of operation, and source 

testing (where applicable). 

4. 	 When any conditions of a PSD permit are incorporated into a Title V permit, the District 

shall clearly identifY PSD as the basis for those conditions. 

5. 	 The primary responsibility for the administration and enforcement of the following EPA-

issued pem1its is delegated to the District: 


Facility 

Calpine Gilroy Cogen 

Cardinal Cogen 

IBM Corporation 

Martinez Cogen Limited Partnership 

Tosco Corporation 

Tosco SF Area Refinery at Rodeo 

EPA File Number 

SFB 84-04 

SFB 82-04 

SFB 82-01 

SFB 83-01 

SFB 78-07 

SFB 85-03 

Pem1it Issuance Date 

August 1, 1985 

June 27, 1983 

June 9, 1982 

December 13, 1983 

December 18, 1978 

March 3, 1986 

District-issued modifications to these permits which meet the requirements of 40 C.F.R. 

Section 52.21 will be considered valid by EPA. The District shall issue any permit 

modifications to the above listed facilities pursuant to this agreement. 

VIII. Permit Enforcement 

1. 	 The primary responsibility for enforcement of the PSD regulations rests with the District. 

The District will enforce the provisions of the PSD program, consistent with the 

enforcement provisions ofthe Clean Air Act and Paragraph VIII.3 . ofthis agreement, 

except in those cases where District rules, policies, or permit conditions are as stringent 
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l)r more stringen t than the PSD t\:quirements. In thnt ca se. the District ma) elect l\) 

enf<., rce the as st ringent or mt1rc stringent Di ~tr ic t rcquircmem~.. 

2. 	 Nothing in thi::. p:ll1ial ..klcg!'H!on agre~ment shall pmhibi: EPA ti'l)ln (·.nforcing. the PSD 

pro\'isions vf the Clean Air Act. ..;o C.F. R. Section :'~.21. or any PSD permit issued b~ 

the> District pursU<tnt to this agreeme nt. 

3. 	 In the cvenr th:n the Dist rict is unwilling or un::~ble to enforce o provis!nn of this partial 

delegation agreement \\ith respccr to a sou rce subject w the PSD regubuons. !he District 

will immed i atcl~· n01 ify the A ir Division Director. b ilu re to not ify the /\ir Divis ion 

Dir~ctor docs not preclude EPA from exe rcisi ng it~ l:nf()rccmcn t authority . 

. , 	 0 'J __ -d .. D ·(L____.. __ _ 
D a te 

J- l·JJ} /f___ 
Date 
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Un ited States l)epart1ncnt of the [ntcrior 

F1SfJ ,'\NO WILDt.rFF S[RViCE 
Sa•:r<Hlh'!lt'~ 1-.~h and V.:ildlnc () '"fi.:,; 
280!" Coaai;e Wav. Room \V-2G!J5 
S:lCf<lll ol.'il:O~ California 95 S~:'- J 8,16 

!;: Rcpi~ Re fer I o· 
RJ .:!2(J<~ (J ll-T,\-OJ73 

JUN 2 9 2011 

Mr. .lmed BluEtl?nttld 
Regic'1~al .-\Jministrator. Regi on 9 
U.S. E1n·iro nmen ral ProtecLiPn Agenc) 

75 1 hl\:vth0me Street 

San Francisc0. California 94 1 U5-~90 ! 


Subjecr: 	 Et'tects of 1\:itrogcn Ikpv.:>it i0a m Anti0clll>une~ ~~ti e.., na l Wildlife Rcfu g.,: 
Resulting from E:\is ting and Proposed Pow.:>r Gcnerming Stations in Comw Costa 
County , California 

Dear i\fr. fi lu menfeld : 

This !etter l'Onvcys tbt.:: l.f.S. Fish aud Wildlife Service' s (8<.'r\·icc) concerns regarding the dfl.!ct s 
of nitrogen deposi tion i1·om existing and pmpostd po,veT generating s t:11ions l0cntt-d in Contra 
Costa County. Cal ifomia . on federally li sted spec ie s al th~ Antioch Dunes Na1ional Wildlif~ 
l<.efi.1ge (ADN\VR). At issue are the p~)tenlial aJver::.e effects uf the ope rati o nal Ga1eway 
Gen;;rating Srntion t,GGS 1. the proposed lvlarsh Landing Ucncrating Station (i'VlLGS), and the 
proposed Oakley Gent-rat ing Station (OGS} on the endangered Lange's m0talmark bmterfly 
(:1podemia monno langei). endangered Contra Cosla \vallflil\·ver (Erysimum capUatum var. 
r.mgusrmum), endangered Antioch Dunes l'\·cning pr imrose (Uenotltaa delroides ssp. ht'weliii). 
and designated critical h<1bitat tor these t\vu li s ted plants. This letter is issued under the authunt)· 
uf the EnJangered Species Act nf J973. as amended 116 t i.S.C. ~ 1531 I! I :seq. )(Aen. 

The Lange's mel'a lmark butterfly, the Contra Costa wa JWown. and the Antioch D une s e\'ening 
primrose 0ccur almost exclu:;ivcly on the AD?'JWR. The- primar~ · threat to these ~pecie~ i::; tht: 
overgrowth of non -nal i ,.~ plant sp~cics that disph.t:.:.e th~ walll11"~ cr. primrPse. and hL)S\ plant:; 
and nccbr sources for the Lan ge';" metal mark hHilcrll y . The: t !CTS an d the pmposed i'vl f.CJS and 
OGS are all located less than rwo mjlcs ti·om the :\DN\h. Rand opera tion of these power 
generat ing sta tions "''il l result in rhe deposition of nitro gen a1 AD1\WR. Nitrogen depos ition [s 
kno"vn t.' exacerbate th~ growth of non-nati vc wet>ds; the se effects 3rc particubrly problematic 
in nit roge n dcflc iem habi t:ns . sud1 as the snnd dunes a1 ADNW R. \vhere change:> in plant and 
micrc>bial com muni t ies res11l1ing ti·pm increased nitrogen depos itio n can result in casc.:.~ding 
negmi ve eftech t.'n 1he t>C(':;y:-:tem processes anJ lht! speci\·s that depend upon tbe nmivc> plant 
community. 



,\:Jr. .~:ired B lumenfeld 

1he Servic~ i~ con~erned that lhe indirect and cnrm:i<Hivc df·~ct;; o Cthe deposition nfadditi<ma, 
nitrogl!n at :\.DN WJ~ resu lti ng from operaiio;1 of ihcsc pvwcr gcncratinl-" qations wi II ro.::sn! 1ill 
ndver~e c-ffeds to the C'umrJ ('~_)stn wnllllowc r <.l nd tlw A nti ,lch Dune·: -:\'ening prinm.•:->1..' anJ ih:::ir 
criticnl ha bit::tt and in wk<.: of the Lange ·.;; melalnwr~ t~uuerlly. ·\ t h i:r:.e effec ts lo lht: I ange · s 
metnlmark burterfly are of particu!Jr concern. The sta tus of' t his specico:: ha<; declined 
drarnaticlllly in !he: last few years and because the .-\DN WR s upports ihe only existin g populati<'n 
of Lan ge's metalmnrk bu trert-!y, any ad , ·erse effe-; 1 ~ tn hahiur a! :\D\ WR ma~- p lace the 
butter fly in danger of e.\l inct i\1 11 in !he ti.m:'SC'~aJ:>Jc fU 11.lrl' . 

GatcwHv G t nr ra ting S ta tion 

(>n May W. 2!10 1, the U. S . F1wironmcnwl Protcctilln Agc-n~) (EP.·\; r.::qucsted informal 
consul tal i(>n with the: 0ervice on the aJJit ion of a 3() mega walt natural gas fin:d t:O!llbina timl 
comb\!sti on turbine . that is nuw rcfen-ed l\) as th e CiGS . 10 i l k· e:-.i::;ting Cr)nlra Co:-.ta Power Piam. 
Ou Jtml' 2''· 200 I. the Service conc urr.::d that nsid;;; rrom the pote ntia l advt-rse effec1o:; of 1he 
existing co,)li rJ b water inlJkc sys tem un !he threatened delta s melt IHypomesus transpacificl!.'n 
a nd the fo nn crl y threatened Sacramento spl itwil !_Pogun icluh_i'-' nwtrolc>Jlidotwq , both c:fwbic ll 
were addre~sed in a ~cction 7 con s ultati o n with the l :.s . Arrn~ l'nrrs orl:ngineer~. the 
in~tali ati \m nf the: nc\\ lu:-hi ne w~s not likely to adYersd) a fth t list.::(~ spe,· i~:s . 

1-kPxc ,·cr. although the consultati on procc;-;s for th e GGS \\ as concluded in 200 I . thi s faci lit y 
a pparent ly did not becom~ 0pcrat ional uutil 2009. It i-: our ltntlcr" landing that, because o f' tile 
lapse in time hCl\\t:~n lhl.! F P.'\- ~ isSU(tllCC ora PrcYcntion nl Sie;nilicam Deterioration permit to 
f>:Jl~itit (ias and Eh:~ctr i c 1P ( j8_:[:.) for (j(;~ und the construction and i.>pcr<ttion oft!1c (i()S 
J~cil ity, .\our agency and I'Ci&E recent ly cn tcr~J int o .:1 settkment ag reement tu impose cmissi ,m 
limits on GUS consistelll with current standa rds . Although thi s agreement \viH impo se emiss ion 
limits on i1ilrogen i.'Xidcc.; 0-.0x \, carbon rn,moxide (CO). ~ulfu;- d i (~x!de (S01) 3nd particulate 
matter that arc thought to r..:prcsen t what the rcsu llt' f' l:l nc"· I"'L· m:i t~ing p nh:t'ss with the EPA 
would he. the Se r\'ice wa~ not c<)nsultt:d regardi ng the dtc(. t~ <lr thcs\:" emissions Uil li;;ted 
species. 

;\cv' sci~.·n tiJi c inform al il'!1 relating to the adverse effects of nitrogen ck pos ition on liskd species 
and natural ecosystems has become available since 2001 when tbc' o rig inal permits were issued, 
<.in J t l )n:,u li ali~>n \\ ith the ~\:T\-it:c vvas Ct)nclude j . Basc'd on curre-nt sc ient ific litemturc. a 
baseline nitrog~.:n dcpvsi tio n value of 5 kilogram s per hectare (kg:ha:yr) recent!~· has bel.!n 
recogni t.:ed as the lev<:l above which efil:cts of11itrogcn tkpusitiun should he nrwlyze.d (Weiss 
2006, Calih,rnia Energy c,1mmi~:- i on 20 1 0) . Acc\~rJing tfl the bes t ava ilab le t's tim atcs for the 
:'\ DNWR. ar.:a. tba! aJ\' basl..'d l' l1 2002 data. the.:· base l inc nitl\l~en dcpositit) ll is thou ght to he 
appwximatdy 6 .. N kg •l1<l''yr IT o nneson c>l a/. 20071. !his ;~l rcod~ ~:-:cccd~ the 5 kgihn/yr 
lbJesho ld abo , ·e which ni trogen de posi tion can res ult in adverse impacts to nati,-e plant 
communities . Althou gh th e am ount of ni trogen deposition at i\D:J\VR resulting from ope ra tion 
of GGS h(-ls not bct:!n mo(kkJ, it is reast> nahl e tL' as:>lin,e thJ l based on the location. tyr~ of 
gencrmin g sta1io n. and amou :n .)f power tn be g.eneratvd hy GGS. the amount o f nitroge n 
derosition <II AONWR is similm lv the amount estimated for \JLGS and C>GS and described 
helow. Be~:::.ed t..m the carr.::m ~c i ~ntific literature av:1ibble , it i" the Servic-e' s op inir1n th:Jr the 
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jcpositi<m 1>fthis nmounl ~·!"nitrogen dcrosi tion at ,\Ui 1\VR is lik~ly to result in aJ,·crse effect~ 
to thl.': Contr;1 Cosl<l wall ll owcr. the i\ntil'Ch Dun~.:-> t:\~ning rrimro:-.c, and in l::~l-.c of the Lange· 5-
mctalmarf.: but tcrli\ 

\'l:lrs h Lmding (;('n(' r atin g S tation 

i he C3lifomia Energy C0mmission (CJ:'C) is the primary slate and lucaiJK'm1ittinu 3Uthority fl)r 
new f"1 1""-er p!ant~ in C.ililitnlia Bao:;eJ 0:1 the CH'', fiml s1affa<:sessn11.:1ll f'nr \ILG;S, the 
!:tcili;~ is predicted h) 1e~ult in a:1 estimated 0.01 kr h~; ~ r of addilif'~'alnitrogcn Jcpos[tinn !.) 
..:urTcnl baselit~e k\ds .ll ·\1>1'\\\'R. On ;\ugust l'..~010. ih~ Service submitted .lil.' ller w tbl..' 
CE(:. cum-eying nur ~Pnccrns that the (kposition ol' this amount or nitrogen ai :\L>N \\· R \vould 
rc:;ult in auwr:-.c L'ffccts to federally listed speci~..·s anJ rcl·ummt"nJi ng that the applicant seek 
auth or izat ion l (.>r incident<!! w.kc \_)Cthc Lange's lllt~ ta l n 1 ark btm~rfly put:-.urmt hl c::i the.r ;:;ecti on 7 
N 1 Ow) of the .'\ Ct. \\\.· c;tatl'd that shou ld a h:dcral a\.!(.'01..') be invuh·~d with t~lt' pcrn:it1 ing. 
funding, or can) ing out c't the projccl. that agcnc; ~bi'uld initiate formed con~ulwt1011 with the 
Sen ice pursuant to sec tion 7 of tl!e Act. If a h:deral agenc: \\·as not invc1h t>d. wt: rec(>mmendcd 
<m inciJenwl take pennit pur-:uant to sccti\."'11 J0( a)( I)t m of the .'\.::t be obtuined. On 
August 25, 20 In. the t. Ll' i=-sue\~ :VIir<mt Energ) a ( eni~icatc iO Con~truct itllJ Op~:rate the 
pr0posed MLGS .\ltlwugh ti!e CECs conditions fc•1 certifiLation for .\1LGS included a nomin~1l 
:-tnnual payme!lt 10 .'\])).1\\'R for weed remO\'almurckr to 1:1itig::~te for the eHects of nit rogen 
deposition nt ,\D\!WH. the CEC did not recommend consultation 'vvith tb c Sc l'\·icc and noted th m 
section 7 of the Act would no t apply because sect ion 7 does not apply ''to act iv ities ~imply 
appruYed by sratc ~~~L·ncies. as we approYc !\ 1 LGS ht'rc.. . Jl 0We\'er. it i::- the Sen·i\'t·~ 
undc-rstanJ;ng that the FP1\ has Jekgatcd r~gic,na l imnlcmcnwtion vf th.:.· l ·e dl!r;:~l Clean Air Ac1 
to the Bay .-\rea :\ir (>ualit: :VIanagemem Dis!Iid (BAAQi\.IIJ) ::md that bn~cd 1..1;1 the CEC's 
cnvirorm1emal analysis. the BAAQMD issued an Amhorit) to Construct permit for ?\ll.GS on 
August 31. 20 i 0. lm:~pt:t..:ti,·e of the need for authmizativn ,..~:· in~iJental tnke. ''-C are c._)ncerned 
the pa~ mem ol mimmal lunding \\·ill not. by itself. a,kquateh· compensate for the adverse effects 
Of the rrojecl l< · listed ,..;pt!Cil""· 

Oakley G enc •·ating ~ tat ion 

Based on the CEC's lin ai stafl asst:ssment fo t ()(i S. the f;:cility is predi ctt>J to rt:o;;ult in an 
c~timateJ fl . tl~3 k.g'ha ).t of Bddititmal n itrogen d~p11:;.ilion hl L·un~lll baseline le\ ds :1t ADNWR. 
The Scn·icc submitkd comment iettcrs to th~ CLC on ()dl)bcr 13. 20 10, rcbruar~ 14, :o II. and 
April 2R . 20 I I , cmwe~·ing uur cor:cems that \h..:: deposition of nitrogen at AD1 WR would result 
in ad'vcrsc effect-: to fcJ-:rally listed species. t\~t:()llllll-!ndin~ the applicant n<::;ist ''-'ilh the capti\'e 
pmpagatiun and rch!ast: 1'1 Lange's mctalmnrk huttcr11y. ,md recommenJing the applicant seek 
authorizatitm for inudcntal ;:.~kc pursuant to citl!t'r sedion 7 nr I O(aJ of the \ct. t\t;::iin th~ Cl::.C 
required the annml pa) mcnt nfnominal fees tn .1\ 1)\1\VR f(>r weed cradic.:al inn hut d id no1 
recommend C<'JJSttl ta tio n wi th the Servict-. 

H.ccom m c-ndations 

The Sen•ic;: i::: c~·nct:mL'd :b.-Ji ihe currem orer~1tiN1 (.•l Ci(JS. <!nd ihe pn1pc,sed ilp~rati<)ll o1 
:v£LGS and OGS. ''ill nd be in comp\i;1 nce '' ith th~ bu.langered Species .\ct r•f I 973. as 
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amended. because take of the Lange's metalmark butterfly, and adverse effects to the Antioch 
Dunes evening primrose, the Contra Costa wallflower, and critical habitat for these two plants 
are iikely to occur as result of these projects. Therefore, we recommend that: 

l . 	 Based on the availability of new scientific information that reveals adverse effects to listed 
species not previously considered and based on changes to the GGS project resulting from 
entering into the recent settlement agreement with PG&E, the EPA should reinitiate section 
7 consultation with the Service for the GGS pursuant to 50 CFR § 402.14 of the Act. 

2. 	 The EPA should contact the Service in order to clarify their role in the permitting and 
review of OGS and MLGS. If the EPA's permitting authority has been delegated to a state 
or local agency, the EPA should either retain their permitting authority over these projects 
and initiate section 7 consultation with the Service or delegate their authority for 
consultation with the Service to the responsible State or local permitting agency. 

We are interested in assisting the EPA in determining how to proceed with the consultation 
process for these power generating stations. Please contact Stephanie Jentsch, Ryan Olah, or 
Chris Nagano at the letterhead address, electronic mail (Stephanie_Jentsch@fws.gov; 
Ryan_ Olah@fws.gov; Clu'is_Nagano@fws.gov), or at telephone (916) 414-6600 if you have any 
questions regarding this letter. 

Sincerely, 

~~~~ 
~a~ e. Goude 
Assistant Field Supervisor 

cc: 
Gerardo Rios, U.S. Environmental Protection Agency, San Francisco, California 
Jack Broadbent, Brian Lusher, and Kathleen Truesdell, Bay Area Air Quality Management 

District, San Francisco, California 
Randi Adair, California Department ofFish and Grune, Yountville, California 
Rick York, California Energy Commission, Sacrrunento, California 
Louie Terrazas, Mendel Stewart, Don Brubaker, San Francisco Bay National Wildlife Refuge, 

Newark, California 

mailto:Clu'is_Nagano@fws.gov
mailto:Olah@fws.gov
mailto:Stephanie_Jentsch@fws.gov
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UNITED STATES ENVIRONMENTAL PROTECTION AGENCY 
REGION IX 

75 Hawthorne Street 

San Francisco, California 94105-3901 


30 May 2001 

Ms. Jan Knight 
Chief, Endangered Species Division 
U.S. Fish and Wildlife Service 
2800 Cottage Way, Suite W2605 
Sacramento, California 95825-3901 

Re: 	 Request for Concurrence with EPA Finding of No Likely Adverse Effect under 
Section 7 of the ESA for Modification to Contra Costa Power Plant, Antioch, 
California 

Dear Ms. Knight: 

By this letter, the U.S. Environmental Protection Agency, Region 9 ("EPA") seeks to 
conclude infonnal consultation under Section 7 of the Endangered Species Act (''ESA") between 
EPA and the U.S. Fish and Wildlife Service ("FWS" or "Service") concerning the Contra Costa 
Power Plant Project (the "Project"). The Project involves a modification at an existing power 
plant to add a 530 MW natural gas-fired combined cycle combustion turbine (the "Turbine") at 
the existing Contra Costa Power Plant. Mirant Delta, LLC ("Mirant") has applied to the Bay 
Area Air Quality Management District ("BAAQMD") for a federal Prevention of Significant 
Deterioration ("PSD") permit for the Project, as required by Part C of the Clean Air Act and 
regulations at 40 C.F.R. § 52.21. Background infonnation on the PSD program and more 
detailed information regarding the Project and thls consultation are included below. 

Background on PSD Program 

Region 9 is responsible for complying with ESA Section 7 requirements with respect to 
federal PSD pennitting. In some instances, EPA has delegated its PSD permitting authority to a 
state agency or air district pursuant to the PSD regulation at 40 C.F.R. § 52.21(u). In such 
instances, issuance of a federal PSD permit by a state agency or air di strict in EPA's stead is 
considered a federal action that may be subject to ESA requirements. (A "Delegation · 
Agreement" establishes the roles and responsibilities for EPA and the State delegated to 
administer the PSD program and issue federal PSD pennits in EPA's stead.) 

A PSD permit for the Project is required for the modification to the existing power plant 
(i.e., installation of the Turbine). EPA has determined that issuance of the federal PSD permit 
for the Project is a federal action that may affect listed species or habitat through its construction 
or operation, thereby triggering ESA Section 7. Final action on this PSD permit may not occur 
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until EPA has determined that permit issuance will be consistent with the substantive and 
procedural requirements of the ESA. 

Infonnal Consultation and Request for Concurrence under Section 7 ofthe ESA 

EPA has been engaged in informal consultation with your office regarding the Project . 
We understand that you have been forwarded a copy of the California Energy Commission's 
Final Staff Assessment for the Project, which evaluates the environmental effects of the Project, 
including effects on listed species and habitat. In addition, as you are aware, Mirant previously 
submitted to the Service an application for an ESA Section 10 permit concerning the exisung 
Contra Costa Power Plant. In this context, Mirant has prepared documents providing an analysis 
of the effects of the Contra Costa Power Plant on listed species and critical habitat, which were 
compiled as part of the ESA Section 10 permit application. Since EPA understands that your 
office already has copies of these documen ts, we are not forwarding them to you with this lener. 

Mirant has discussed with the Service the potential impacts to species/habitat related to 
the Contra Costa Power Plant. The Service has identified the existing cooling water intake 
system at the facility as a concern, due to the potential for impingement and entrainment of the 
following listed threatened species: Delta smelt (Hypomesus transpacificus) and the Sacramento 
splittail (Pogonichthys macrolepidotus). The following listed threatened species under the 
National Marine Fisheries Service ("NMFS") jurisdiction also may be affected by the existing 
cooling water intake system: Central Valley ESU spring-run and winter-run chinook salmon 
(Oncorhynchus tshawytscha) and the Central Valley ESU Steelhead (Oncorhynchus mykiss). In 
addition, the following species are identified as occurring near the Project area but not likely to 
be adversely affected by the Project: San J oaquin harvest mouse (Reithrodontomys raviveTJtris), 
California least tern (Sterna antillarum brown{), Sort bird's-beak (Cordylanthus mol/is ssp. 
mollis), Lange's metalmark butterfly (Apdemia mormo langei), Contra Costa Wallflower 
(Erysimum capitatum angustatum) , Antioch Dunes evening Primrose (Oenothe ra deltoids 
howellii), all of which are listed endangered species. 

Mirant has agreed to take measures that would avoid or minimize the effects associated 
with the power plant, namely the installation of an Aquatic Filter Barrier to address potential 
impacts from the cooling water intake at the existing facility. Mirant has applied for a permit 
from the United States Anny Corps of Engineers ("COE") for installation of the Aquatic Filter 
Barrier on the cooling water intake system at the Contra Costa Power Plant. By lener dated Apri l 
19,2001, the COE requested consultation under ESA Section 7 concerning its pennit action for 
the Aquatic Filter Barrier. Since the COE has requested consultation on a maner that specifically 
addresses the cooling water intake system, the FWS and NMFS will have the opportunity to 
address any impacts of this intake system to species or habitat through COE's ESA Section 7 
consultation. 
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EPA has discussed with the FWS potential effects associated with PSD penrut issuance 
for the Project. Per a discussion between Pamela Schultz (Office of Regional Counsel, EPA, 
Region 9), Roger Kohn (Air Division, EPA, Region 9) and Michael Thabault (FWS) on March 
30, 2001, the FWS noted that its only concern with respect to the Contra Costa Power Plant was 
related to impacts on listed and threatened species due to the cooling water intake system. 

Apart from potential impacts associated wHh the existing cooling water intake system, 
EPA believes that there are no likely adverse effects to species or habitat resulting from the 
addition of the new Turbine to the Contra Costa Power Plant. As noted above. the COE has 
requested consultation with respect to its federal penrut for installation of the Aquatic Filter 
Barner at the cooling water intake system. EPA believes that COE's federal action is more 
directly related to the area of concern (i.e., effects of cooling water intake) than EPA's air 
permitting action and defers to COE and the outcome of COE's Section 7 consultation to address 
any potential impacts associat~ with the cooling water intake. With respect to EPA's air 
permitting maner, EPA finds that, in all other regards, the Project is not likely to adversely affect 
listed species or critical habitat, in accordance with 50 C.F.R. §§ 402.13 and 402.14(b). I am 
writing to request written concurrence from the Service with this finding. 

Ifyou have any questions regarding this request, pleast! contact Roger Kohn at (415) 744-
1238. 

Gerardo .Rjos 
Acting Chief, Penruts Office 
Air Division 

cc: Mike Thabault, USFWS 
Steve Hill, BAAQMD 
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Land Management, and the study site was located 
where it was accessible via an unpaved road. All sites 
contained a creosote bush-dominated plant commu-
nity with an understorey of winter annual plants 
growing on granitic, sandy loam soils. More details 
of the study sites are reported in Brooks (2000b ). 

Three alien annual plant taxa dominated each site, 
including the forb Erodium cicutarium (l.) L'Her and 
r.he grasses Bronws madritensis ssp. rubens (L.) Husnot 
(hereafter called B. rubens) and Sclrismus spp., com-
prising Sclrisnws arabicus Ness. and Sclrismus barbatus 
(L.) Theil. The latter two species are closely related 
(Faruqi & Quraish 1979; Faruqi 1981) and difficult to 
distinguish reliably (Brooks 2000c) so they were com-
bined for analysis in this study. Overall, the com-
position of Sclrismus spp. was estimated to be 75% 
S. barballls and 25% S. arabicus. 

Long-term rainfall patterns at each site were esti-
mated by averaging the linear distance-weighted 
monthly precipitation averages from the three closest 
National Oceanic and Atmospheric Administration 
weather stations (National Oceanic and Atmospheric 
Administration 1996). Rainfall patterns during the 
study were determined by recording rainfall every 2 
weeks from November to April during each year of the 
study using a single rainfall gauge located at the centre 
of each site. The amount and temporal distribution of 
rainfall was similar at the three study sites but differed 
between 1996 and 1997 (Brooks 2000b). Winter rain-
fall (October-April) was 94% of the average prior to 
spring 1996, and 77% of the average prior to spring 
1997. However, 46 mm, of the total67 mm of winter 
rainfall during 1997, occurred during December, 307% 
of the monthly average. This pulse of December rain-
fall resulted in mass germination and higher produc-
tivity and diversity of the seedling cohort during 1997, 
even though total rainfall was higher in 1996. 

EXPERIMENTAL TREATMENTS 

Three treatments consisted of nitrogen added as 
ammonium nitrate (NH 4N03), nitrogen added as 15-
15-15 (NPK) fertilizer, and an unfertilized control. The 
NPK fertilizer treatment was included because avail-
ability of phosphorous can limit plant growth in some 
desert soils (Lajtha & Schlesinger 1988; Delucia, 
Schlesinger & Billings 1989). Fertilizers were added 
in dry, water-soluble form to minimize the chance of 
burning foliage and leaching downward through the 
soil profile. The 2-4-mm diameter pellets remained in 
place at the soil surface even when subjected to high 
winds (M. Brooks, personal observation). 

The rate of nitrogen application (3·2 g N m-2 year-') 
was similar to maximum rates of atmospheric nitrogen 
deposition adjacent to the Mojave Desert in chaparral 
shrublands of the Los Angeles basin (3·0 g N m-1 year-') 
(Bytnerowitcz eta/. 1987). Ammonium nitrate and 
NPK treatments were added in two equal amounts 
(1·6 g N m-2each) on 27-29 December 1995 and 6 March 

1996 during the first year. and 20 December 1996 and 
13 February 1997 during the second yea~. 

EXPERIMENTAL DES!Gl' 

Three experimental treatments (NH4N03, NPK, con-
trol) were replicated in 25 blocks at each of the three 
study sites in a randomized complete block design with 
no replication within blocks (Steel & Torrie 1980). The 
blocks were arranged in a 5 x 5 grid with an average of 
25m between each block (I ha total area for each site). 
Each block was centred on a creosote bush with:?! 150 em 
canopy diameter and contained two microhabitats, 
the area beneath the canopy on the north side of the 
creosote bush (beneath-canopy) and the adjacent open 
space:?! I m from the canopy edge (interspace). Three 
40 x 50-cm contiguous plots were established in each 
microhabitat, each randomly receiving a different 
treatment. Treatments were repeated in the same plots 
during the second year. The 150-cm minimum creosote 
bush canopy diameter allowed enough room to fit the 
treatment plots completely within the beneath-canopy 
microhabitat. 

The response of native annuals to fertilization was 
evaluated by sampling annual plants when winter 
annuals reached peak biomass and most species were 
flowering and setting seed. This occurred from I 0 to 
18 Aprill996 and 9 to 17 March 1997. In each 40 x 50-<:m 
treatment plot, live annual plants were clipped at 
ground level within a 10 x 20-cm (200 cni 2) sampling 
frame, sorted and counted by species, dried to a con-
stant mass at 60 °C, and weighed to determine above-
ground live dry biomass. Species were identified using 
Hickman ( 1993). Species richness was calculated as 
the number of species within each biomass sample. 
Samples collected during the second year were located 
20 em from the first-year samples, within each 
treatment plot. 

DATA ANALYSES 

Repeated-measures analysis of variance (rmANOVA) 
was used to evaluate main and interactive effects of 
fertilization on annual plants during 1996 and 1997 (SAS 
1988). ANOVA models included all main and interactive 
effects of treatment, microhabitat and year. Data were 
pooled from the three sites in all analyses because 
interactions of site-by-treatment, site-by-microhabitat, 
site-by-treatment-by-microhabitat and site-by-treatment-
by-microhabitat-by-year were not significant (rmANOVA. 
P < 0·300; Underwood 1997). 

The data were analysed in three steps, all using the 
full model plus additional factors and their interac-
tions with treatment. First, to evaluate differential 
responses of alien and native plant density, biomass 
and species richness, a group factor was added (native, 
alien). Secondly, to evaluate the differential responses 
among the most abundant alien species, the group 
factor was replaced with a species factor (8. wbens, 344-353 
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E. Greene, Malacothrix cou/teri A. Gray and Phacelia 
tanacetifolia Benth. were the most abundant native 
annuals in the beneath-canopy microhabitat. Amsi11ckia 
tessellata, Filago califomica Nutt. Lasthe11ia califomica 
Lindley and Pectocarra spp. were the most abundant 
nattves in the interspace microhabitat. 

EFFECTS OF TREATMENTS ON ALIENS AND 

NATIVES 

The total density of annual plants was not significantly 
affected by nutrient treatments (treatment-by-group 
interaction; Table 2), due to the contrasting responses 
of aliens and natives (Fig. 1). Alien plant density 
increased whereas native density decreased in response 
to nutrient additions, and effects were similar for 
ammonium nitrate and NPK fertilizer. Treatment 
effects did not differ significantly between micro· 
habitats or years (Table 2). 

Total biomass of annuals was significantly affected 
by nutrient treatments, and effects varied between 
aliens and natives (Table 2). The effects of fertilizer 
treatments were similar, and their average effects 
resulted in 56% and 52% increases in alien biomass, 
and 37% and 42% decreases in native biomass, during 
1996 and 1997, respectively (Fig. 2). Treatment effects 
did not differ significantly between microhabitats but 
did differ between years (Table 2). 

Species richness of annual plants was significantly 
affected by nutrient treatments, and the effects differed 

between aliens and natives (Table 2). Alien species 
richness was unaffected by treatments during both years. 
possibly because there were only three alien spec1es 
present, and control plots averaged 1-2 alien species 
even without nutrient additions. In contrast, native 
species richness was significantly reduced by nutrient 
treatments but only in 1997 when the seedling cohorts 
comprised a wide range of species (Fig. 3). Effects were 
similar for the two fertilizer treatments. Treatments did 
not differ significantly among microhabitats but did 
vary between years (Table 2). 

EFFECTS OF TREATMENTS ON INDIVIDUAL 

ALIEN SPECIES 

Among these three most abundant alien species, B. 
rubens, Schismus spp. and E. cicutarium, nitrogen 
treatment effects were not significantly different for 
density (treatment-by-species interaction, F2•1... = 0·60, 
P = 0·668) but were significantly different for biomass 
(treatment-by-species, F2 ,.8 = 18·16, P < 0·00 I). Bio-
mass effects among alien species also varied bet ween 
microhabitats (treatment-by-species-by-microhabitat, 
F2.1• 8 = 52·34,P < O·OOI)andbetweenyears(treatment· 
by-species-by-year, F2.141 = 12·25, P < 0·001). Thus. 
nutrient treatments had a stronger effect on alien 
biomass than density, and effects on alien biomass 
differed between microhabitats and years. 

Responses of each alien species to nitrogen treatments 
differed between microhabitats and between years. 
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Bromus rube11s biomass was higher, and its response to 
nutrient treatments was stronger, where soil nutrient 
levels were naturally high in the beneath-canopy 
microhabitat compared with the interspace micro-
habitat (Table 3 and Fig. 4). E!Tects on B. rube11s were 
similar for ammonium nitrate and the NPK fertilizers. 
In contrast, Schismus spp. and Erodium cicutarium 
biomasscs were higher, and their response to nutrient 
treatments were stronger where soil nutrient levels were 
naturally low in the interspace microhabitat. Although 
e!Tccts of the two nutrient treatments were similar, bio-
mass of Schismus spp. was highest with NPK fertilizer 
and biomass of E. cicutariwn was highest with ammo-
nium nitrate (Fig. 4). Nutrient treatments significantly 
increased biomass of aliens during both years (Fig. 4). 
However, e!Tects were generally stronger dunng 1997 
than 1996, especially for B. rubens biomass (Table 3 
and Fig. 4). 

Discussion 

Alien plants comprise a relatively small proportion of 
desert Horas world-wide (Lonsdale 1999), possibly 
because many invastve species cannot survive the low 
soil moisture and nitrogen levels found in desert 
regions. This study demonstrated that soil nitrogen 
addition can mcrease the dommance of alien annual 
plants in the Mojave Desert. The increased biomass of 
alien plants and decreased biomass of natives also sug-
gests that aliens may have higher seed production than 
natives m response to increased nitrogen, because plant 

~ 

"' "' Natives"' !5
tD '1 

1996 1997 

Fig. 2. Biomass of annual plants after experimental treatments in April 1996 and March 1997. Values are averages (n =150, +I 
SE) and diSSimilar letters indicate significant differences within each year using Fisher's protected LSD ( P < 0-05). 
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Table 3. Absolute biomass (grams) of individual alien annual 
plant species in 0 02-m 2 plots. This repeated-measures 
analysis of variance table shows treatment efTects (control. 
ammonium nitrate, NPK) and mteractions with microhabitat 
(Larrea-north, Larrea-south, interspace) and the repeated 
factor year ( 1996, 1997). F-ratios were calculated using 
the block-by-cfTect interaction as the error term . Significant 
p.,·alues are in italic(< 0·05) 

Source pFz.1 •• 

Bromus rubens 
Treatment 36·84 < 0001 
Treatment x microhabitat 32·22 < 0001 
Year x treatment 21-45 < 0 001 
Year x treatment x microhabitat 18 93 < 0001 

Sclusmus spp 
Treatment 18·45 < 0 001 
Treatment x microhabitat 15-59 <000/ 
Year x treatment 3·71 0 0:!7 
Year x treatment x microhabitat 3 47 0014 

Erodium c1cutarium 
Treatment 56· 52 < 0 -001 
Treatment x microhabitat 56·26 < 0 001 
Year x treatment 4·23 010/6 
Year x treatment x microhabitat 3·26 0 -041 

biomass and fecundity are positively correlated (Cousens 
& Mortimer 1995). These results indicate that moder-
ate increases in soil nitrogen (3·2 g N m-~ year- ') that 
are comparable to observed rates of atmospheric nitro-
gen deposition in adjacent semi-arid shrublands near 
more urbanized areas (3·0 g N m·1 year·') (Bytnerowicz 344-353 
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eta/, 1987) can significantly affect annual plant com-
munities in the Mojave Desert. 

Biomass of the alien annual grass S. arabicus also 
increased relative to native species after addition of 
nitrogen at a desert site in Chile (Gutierrez, Aguillera & 
Armesto 1992), Similar experiments were conducted 
in the northern Mojave Desert from 1967 to 1975, but 
aliens were uncommon at that time and significant 
densities of B rubens and S arabicus did not appear 
until 1975, when their densities were still< 5% of those 
observed in the current study (Romney, Wallace & 
Hunter 1978). Fertilization with nitrogen ( 10 g N m·2 

year·') increased biomass of native annuals from 130% 
for Chaenactis fremontii A, Gray to 716% for Amsinc-
kia tessellata (Romney, Wallace & Hunter 1978). These 
same two species were present in the current study, and 
Amsinckia tessellata was one of the most abundant, but 
increased soil nitrogen did not significantly increase 
either their density or biomass (M, Brooks unpub-
lished data), These results suggest that native desert 
annuals may benefit from increased nitrogen when 
aliens are scarce, but may not benefit when aliens are 
abundant. 

Decreased native annual plant density, biomass and 
species richness caused by increased soil nitrogen levels 
may have been due to increased competition with alien 
species for soil water and other nutrients, Native seed-
lings senesced approximately 1-2 weeks earlier than 
alien seedlings on fertilized compared with unfertilized 
plots in the current study (M. Brooks, personal 
observation), Natives also senesced 2 weeks sooner 

than alien species where the net competitive effect of 
aliens was stronger on unthinned plots, compared with 
plots that were thinned of aliens at the same sites and 
during the same years as the current study (Brooks 
2000b). Wilson, Harris & Gates (1966) found that 
nitrogen additions increased Bromus yields and led to 
competitive suppression of the native bunchgrass 
Agropyron spicatum. Melgoza & Nowak ( 1991) showed 
that B. tectorum extracts soil water at a faster rate than 
native shrub seedlings, resulting in its competitive 
superiority in post-fire landscapes, Increased biomass 
of alien annual plants caused by elevated soil nutrient 
levels may increase their competitive effects on natives, 
thereby decreasing their abundance and leading to a 
decrease in species richness of native annual plants. 

The competitive effects of aliens on native desert 
plants should be most apparent during years when 
native plants germinate in large numbers (Brooks 
2000b), Native annuals typically remain dormant for 
many years until sufficient rainfall stimulates germina-
tion (Beatley 1974). The large differences in density and 
biomass of natives between 1996 and 1997 in the 
current study was a result of sufficient rainfall for 
mass germination only occurring prior to spring 1997 
(Brooks 2000b). However, increases in native plant 
density and biomass between the first and second years 
were significantly lower in nitrogen-addition plots, 
where alien abundance was highest, compared with 
control plots, The ability of native annual plants to 
respond to ephemeral rainfall events with the increased 
growth and reproduction necessary to maintain their 344-353 
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should therefore have the greatest effects on annual 
plants in interspaces, where they would cause the high-
est percentage increase in soil nitrogen. Results of the 
current study indicate that this is not always true, and 
that increased nitrogen can increase annual plant bio-
mass in both microhabitats although individual species 
may respond differently. For example, effects of nitro-
gen treatments were highest in the beneath-canopy 
for B. rubens and in interspaces for Schisnws spp. and 
E. cicutarium. 

MANAGEMENT I~IPLICATIONS OF INCREASED 
SOIL NITROGEN 

As human populations and air pollution levels increase 
in the Mojave Desert and other desert regions, nitrogen 
deposition from atmospheric pollutants will probably 
increase soil nitrogen levels, causing potentially dra-
matic changes in annual plant communities. Produc-
tivity and reproduction rates of alien annual plants 
could increase at the expense of native annuals that 
may be at a competitive disadvantage. Years of nitro-
gen deposition may cause directional shifts in desert 
annual plant communities towards increased domin-
ance by alien species and decreased diversity of native 
species. 

Nitrogen deposition may have synergistic effects 
with other forms of disturbance. For example, surface 
disturbances caused by grazing, off-highway vehicle 
use or construction of linear corridors for roads or 
pipelines could facilitate the invasions and establish-
ment of alien plants that may in turn respond to 
increased levels of soil nitrogen . Increased productivity 
of alien annual grasses caused by atmospheric nitrogen 
deposition, especially during years of high rainfall, 
may also affect desert tire regimes. Alien annual grasses 
produce large amounts of continuous tine fuels that 
facilitate the spread of fire where tires were historically 
infrequent (Rogers & Vint 1987; D'Antonio & 
Vitousek 1992; Brooks 1999b). Post-fire desert land-
scapes are often dominated by alien annual grasses, 
creating conditions that promote recurrent tire (Brooks 
& Pyke 2001 ). Thus, nitrogen deposition could facilitate 
changes in desert tire regimes by increasing productiv-
ity of alien annual grasses. 

Management of atmospheric nitrogen deposition 
requires a regional approach that is often beyond the 
control of local land managers. However, these manag-
ers need to understand the potential effects of nitrogen 
deposition on desert ecosystems, and in particular 
how these effects may interact with land-use activities 
that they can manage. Additional studies are needed 
to determine these relationships, and to evaluate the 
relative ecological impact of nitrogen deposition 
compared with other forms of disturbance in desert 
ecosystems. 

New conservation areas should be located where 
current and projected future rates of nitrogen deposi-
tion are low, whenever possible. Examples of such sites 

would be far removed, or at least downwind. from 
major sources of atmospheric nitrogen pollutants. The 
evaluation of environmental threats posed by ne" 
projects that would increase the production of mtrogen 
pollutants should consider their potential to mcrease 
the dominance of invasive alien plants and to facilitate 
the invasion of new alien species. 
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Abstract 

This study examined the growth responses of exotic annuals and native shrubs to elevated N levels to test the 
hypothesis that increased N availability favors nitrophilous annuals over the slower-growing shrubs. Tne vege -
tation structure of the coastal sage scrub ecosystems in southern California is shifting from shrubland to annual 
grasslands. Over the last 30 years large tracts of wildlands, particularly those adjacent to urban centers. have lost 
significant native shrub cover, which has been replaced by exotic annuals native to the Mediterranean Basin. During 
this same time. air pollution has led to increased terrestrial eutrophication by atmospheric deposition. Changes in 
vegetation are often the result of changes in resource availability. The results of our experiments showed the three 
native shrubs tested to be more nitrophilous than the three annuals tested, which contrasts with most models of 
perennial species' adaptation to stressful environments. Under greenhouse conditions the annual grasses exhibited 
yield depression at the highest N treatments of 80 J.lg g- 1 in soil. The three shrub species evaluated continued 
to increase shoot biomass at 80 J.lg g - 1 N in soil. The grasses also exhibited increased tissue N concentrations 
with increased soil N in contrast with the shrubs where there was little difference in tissue N concentrations with 
increasing availability. Although the differential yield responses to elevated N do not explain the success of the 
annual vegetation in replacing shrubs. the inability of the shrubs to regulate growth under elevated N levels may 
explain the poor survival of mature individuals. 

Int r oducti on 

Changes in vegetation structure are often re lated to 
changes in resource availability (McLendon & Re-
dente 1991; Tilman & Olff 1991; Tilman 1993; Keeley 
& Swift 1995). It is widely believed that shifts in 
vegetation composition in response to shifts in nutri-
ent resources are t he result of differential growth or 
plasticity among the plant species present (Westman 
1981b; Tilman 1987; McLendon & Redente 1991). 
Species that are best able to grow under the new con-
ditions tend to replace the less adapted species. The 
coastal sage scrub (CSS) plant community of south-
ern California appears to be undergoing a shift from 
native shrubby vegetation to exotic annual grassland . 
The encroachment of exotic annuals in CSS corre-
sponds to serious losses in native shrub densities and 

impoverishment of species diversity, particularly in 
areas adjacent to urban development (Freudenberger 
et al. 1987; Minnich & Dezzani 1998). At the same 
time, N deposition from atmospheric pollution has 
increased terrestrial, inorganicN loads. Soil N03 con-
centrations under high deposition conditions has been 
measured as high as 90 J.lg N g-1 soil during the sum-
merdormant period,ascompared with 1 to 2 J.tg N g-1 _ 

(a~ N03) in soils collected from cleaner locations at 
the same time of the year (Allen et al. 1997; Padgett 
et al. 1999). 

Other studies suggest that the species best able to 
increase biomass in response to increased N sources 
(i.e., nitrophilous) will become dominant under higher 
N conditions . Because the N response of the species 
native to CSS is unknown , this study was undertaken 
to determine whether differential N responses could 
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explain the shift in vegetation structure by impacting 
early establishment of seedlings. 

The physiological basis for plant responses to 
changes in soil nutrient status is poorly understood. 
In general, increasing the availability of a limiting soil 
nutrient or other resource results in an increase in bio-
mass. But the specific growth responses vary broadly 
across the plant kingdom (Chapin 1980; Chapin et al. 
1986). Some species. particularly the ruderal and 
annual species, exhibit nitrophilous behavior when ex-
posed to increasing N availability. In these species 
biomass may more than double at the higher treat-
ment levels (Garnier et al. 1989; Muller & Garnier 
1990). Among the perennial species. the individual 
growth responses tend to correspond to the native fer-
tility (Grime 1979; Chapin 1980). Species adapted to 
low-fertility ecosystems tend to be slow growing and 
exhibit limited responses to increased N supply. These 
species generally absorb and store the nutrients rather 
than synthesize new tissues in response to increased 
availability. 

The magnitude of nitrophilly exhibited by individ-
ual plant species correlates well with survival in spe-
cific ecosystems (Grime & Hunt 1975; Tilman 1987) . 
Where N availability is abundant, the rapidly grow-
ing species tend to out compete the slower-growing 
species for light. water and nutrients. Where N avail-
ability is low, the slower-growing species are better 
able to take advantage of flushes in availability by 
regulating growth and storing reserves for periods of 
scarcity. Thus. the slower-growing plants are better 
able to persist under impoverished conditions but do 
not survive under nutrient-rich conditions. And the 
rapidly growing species do not grow well under defi-
cient conditions but flourish where resources are high. 
A natural or anthropogenic shift in the inherent fertil-
ity of an ecosystem is often accompanied by a shift 
in plant community structure (Westman, 1981a. b; 
D'Antonio & Vitousek 1992; Keeley & Swift 1995). 

Several studies have linked N deposition to 
changes in the composition of shrub and grassland 
plant community (Heil & Bobbink 1993; Pearson 
& Stewart 1993; Dueck & Elderson 1992). Re-
search conducted in the nutrient-poor heathlands and 
chalk grasslands of the Netherlands have shown that 
increased N availability correlates with significant 
changes in species composition (Bobbink & Willems 
1987; Bobbink 1991). The most common interpreta-
tion is that the additional N resources have enabled 
the nitrophilous grass species to ouH:ompete the low-
nutrient-adapted shrubs and forbs for other soil re-

sources. In the CSS ecosystems of southern California 
a similar process seems to be occurring. 

Coastal sage scrub is a low-productivuy ecosys-
tem native to the coastal foothills and inland valleys 
of southern California (Westman 198lb). Southern 
California's Mediterranean climate limits the rain-
fall to the winter months of October through March. 
To cope with the 6-month annual drought, most of 
the shrub species have adopted a drought deciduous, 
summer-dormant habit. Although some work on the 
water relations of these species has been conducted 
(da Silva & Bartolome 1984; Davis & Mooney 1985; 
D' Antonio & Mahall 1991; Eliason & Allen. 1997). 
little is known about the nutrient requirements or N 
responses of the CSS native species . This study was 
undertaken to evaluate the early growth responses of 
three native shrubs compared to three exotic annual 
seedlings to test the hypothesis that the success of 
the invasive annuals can be explained by N-enhanced 
growth. 

Materials and methods 

Seed source 

Seeds for the native shrubs Artemisia californica 
Less ., Eriogonum fasciculatum Benth. and Encelia 
farinosa Torrey & Gray were collected from stable 
stands of mature shrubs. Seeds were stored without 
cleaning at 5 OC but were separated from chaff just 
prior to planting. All seeds were no older than one 
growing season. Seeds of the exotic annuals Bromus 
rubens L. and Brassica geniculata L. were harvested 
from a highly weedy site . The fruit structures were left 
intact for storage at 5 °C. Seeds for the annual Avena 
fatua L. were purchased from S & S seed (Carpinteria. 
CA, USA). Genera and species names are as identified 
in Munz & Keck (1959). 

Potting media and protocols 

An artificial potting mix ·uc mix #3' (75% fine 
quartz sand, 25% ground peat moss), was used. Ear-
lier attempts to use native soils collected for field 
sites were abandoned because of difficulties in regu-
lating nitrogen concentrations. Seven hundred grams 
of steam-sterilized UC mix were used for each pot . 
Six replicate pots (6.4 x 25 em 'Deepots'. Stuewe 
& Sons, Corvallis, OR. USA) were established for 
each treatment. Pots were filled with potting mix and 
leached with approximately I I of distilled, deionized 
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Table 1. Mineral nutrient composition of coa't 'age »CCUb 'oil 
lOlution evaluated during the spring growing season and com-
posttion of nutrient solution used for pot studies. Soil solution 
,·ooce ntratton was determined by saturated paste extract. Data 
shown are the Means of 5 replications. The nutrient solutions 
were added to the pottmg mediwn before and during the growth 
period depending on seedling growth rate. No erogenous Mo 
Ni or was added. Final solution pH was 65. 

Soil solution Nutrient solution Specific 
Element (IIL'\1) (mM) compound 

Ca 0.63 1.2 CaC03 
Mg 0.32 0.6 MgO 
Na 0.53 NaOH 
K O.Q7 0.14 KCl 
Cl 0.15 3 HCl 
s 0.06 1. 2 MgS04 
p 0.0008 0.16 KH2P04 
Mn n/a 0.0001 MoS04 
Zn n/a 0.001 Zn02 
Cu n/a 0.0001 CuS04 
B n/a 0.003 HJB03 
Fe n/a 5mgl-1 FeEDTA 

(DOl) water prior to planting. Field capacity was mea-
sured. established at 30% (240 g water pot-1) and 
used to calculate soil solution volume for application 
of nutrient solutions. 

To duplicate the chemical and nutrient conditions 
of CSS. the mineral nutrient content of native soils 
was analyzed by saturated paste extractions (Soon & 
Warren 1993). A multiple-nutrient solution (excluding 
N) was developed to mimic natural spring growing-
season soil solutions (Table 1). Pots were fertilized 
with 125 ml poc1 double-strength multiple-nutrient 
solutions (which represented half the volume of water 
held in the pots at field capacity) just prior to planting 
and at 1- to 4-week intervals depending upon seedling 
size and growth rate. Soluble phosphorus was periodi-
cally monitored to maintain 2 J,tg g-1 KCI extractable 
phosphorus as determined by continuous flow analysis 
(O'Halloran 1993). 

N treatments 

Nitrogen was applied as solutionsofN~Cl (5.4 gi-1) 
or KN03 ( 10 g 1-1) to achieve final soil N concen-
trations of 2, 20. 40 and 80 J,tg g-1 . Following N 
applications. pots were watered with approximately 
100 ml DDI water to distribute solubilized N. Soil 
concentrations were chosen on the basis of prelimi-

nary studies that indicated only small differences in 
yield responses of the annuals at concentrations above 
80 J,tg g-1• These concentrations also reflected the 
range of soil inorganic N measured under polluted 
conditions in the field. 

Background N in the potting medium was approx-
imately 2 J,tg g- 1 N a~ NHt. No N03 was detected 
after the first leaching. The NIIt was assumed to 
be derived from mineralization of the peat moss and 
appeared to be firmly bound and largely inaccessible 
to the seedlings. In preliminary experiments where 
seedlings were treated with the nutrient solution only. 
without additional N, seedlings did not survive for 
more than 2 or 3 weeks. Therefore. the lowest N 
treatment was maintained at 2 J,tg g-1 by exogenous 
application. This concentration provided just enough 
N for seedlings to survive the 3-month experiments. 

Soils were sampled every I to 2 weeks depending 
on the size of the seedlings. One or two 5 x 100 mm 
cores were removed from each pot and analyzed for 
N03and NHt. When soil concentrations fell below 
10 J,tg g- 1 of the targeted concentrations. N solutions 
were added to re-establish soil concentrations. 

Planting and harvesting 

Pots were planted with 10 seeds each. Final germi-
nation was recorded at 10 to 14 days after seeding. 
Pots were thinned to one seedling per pot, and one 
pot per treatment was maintained with no seedlings 
for evaluation of soil- versus plant-mediated changes 
in N characteristics. Seedlings of all species were 
harvested 3 months after initiation. The experimental 
duration wa~ based on time to flower for the annuals 
and avoidance of pot-bound conditions for the shrubs. 
These conditions were determined in preliminary ex-
periments . 

At the conclusion of the experiments the intact soil 
mass was separated from roots hy soaking in water. 
Even with care, species with fragile roots. especially 
A. californica lost fine root mass, so root weight data 
were not complete for all species but can be compared 
across treatments within a species. Intact plants were 
oven dried at 60 cc for 48 h, separated into roots and 
shoots and weighed. 

Tissue and soil analysis 

Dried leaves were separated from sterns and ground in 
a ball mill to a fine powder. Approximately 10 mg of 
ground tissue was weighed into tin capsules , and %C 
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and o/cN was detcm1ined by flash combustion chro-
matography (Carlo-Erba Instruments, Fisons, Dear-
born, Ml, USA). 

Soil NO:J and NHI content was detemlincd by 1-g 
extraction in 1 M KCl by standard technique (Maynard 
& Kalra 1993). Soil samples were weighed into plastic 
centrifuge tubes, and 10 ml KCl was added. The soil 
slurries were either shaken on a wrist shaker for 30 min 
or overnight on a recip rocal shaker. Soil was separated 
from the extractant by centrifugation at 2000 x g for 
10 min, and 2 to 3 ml of the extractant was transferred 
into autosampler cups and stored at -20 °C until an-
alyzed by continuous flow analyzer. Solutions were 
simultaneously analyzed for NH:i by the indophenol 
blue procedure and NO:J by the cadmium reduction 
procedure (Maynard and Kalra 1993) 

Statistical analysi.f 

Yield and tissue N content were analyzed separately 
for each species by one-way ANOVA and t-tests using 
SigmaStat. version 2.0 by Jande! Scientific Software 
(San Rafael. CA USA). 

Resu lts 

Biomass 

After 3 months of growth. a trend toward larger plants 
under NH! fertilization as compared to NO] fertil-
ization was noted for A. fatua, A. califomica and 
E. fasciculatum; the opposite trend of smaller plants 
under NHt as compared with NO:J fertilization was 
observed for B. ruhens, B . geniculata and E.farinosa 
(Table 2). Since the yield response to the individual N 
sources was significant only for A.fatua (P < 0.05) 
and there was no consistency between native shrub and 
exotic annual species, it docs not appear that pot cul-
tures revealed a clear species-specific preference for 
one N source over another, nor can any generalizations 
be drawn regarding N source and the origin of these six 
plant species. 

Changes in root:shoot ratio (R:S) often accom-
pany changes in N availability (Levin et al. 1989). 
This predisposition was demonstrated by the R:S re-
sponses of A. fatua (Table 2). Changes in R:S were 
not so clear for the other species, however. Ammo-
nium fertilization resulted in a trend of decreased R:S 
in B. rnbens but not in the N01 treatments. The R:S 
in B. geniculata wac; highly variable and also indicated 

no specific trends. Results of the 2-J.tg g-1 treatments 
compared directly with those of the 80-J.tg g-1 treat-
ments showed that fertilization with NO~ resulted m 
significantly (P < 0.05) increased R:S for A. cal· 
ifornica, but NHJ fertilization caused a significant 
decrease. The R :S for both E.farinosa and E.fascic-
ulatum was highly variable and yielded no discernible 
trends . 

Relative yield responses 

The difference in relative yield response to NO:J corn-
pared with NH:i fertilization was not significant for 
either exotic annuals (Figure I A, I C) or native shrubs 
(Figure lB, 10). However, the pattern of response to 
increasing N availability wac; distinctly different be-
tween the grasses and the shrubs, with B. geniculata 
responding more like the shrubs (Figure 1). With both 
of the N source treatments A. fatua and B. rubens 
reached maximum biomass at 40 J..l.g g- 1 N. Yield was 
depressed with the 80-J.tg g-1 treatment (Figure LA, 
IC) for these two species but not for the shrubs or 
B. geniculata (Figure lB , 10). For all three shrubs, 
the 40-J.tg g-1 treatment resulted in approximately 70 
to 80% of the maximum yield. 

Shoot N content 

The predisposition of these species to accumulate N 
in leaf tissue differed between life fom1s (Figure 2). 
All of the annuals had increased tissue N with increas-
ing application rate (Figure 2A. 2C). As with the yield 
rate. there was no difference m tissue N between the 
NO:J and NHt treatments. For the shrubs, the pattern 
of tissue accumulation differed from that observed in 
the annuals. Anemisia califomica contained signifi-
cantly (P < 0.01) more N than any of the other shrubs 
and accumulated relatively large quantities of N in the 
N-starved seedlings (Figure 28, 20). Enceliafarinosa 
tended to have the lowest percent leaf N, but the dif-
ferences between E .farinosa and E.jasciculatum were 
not significant. All of the shrub species indicated little 
propensity to accumulate large quantities of tissue N 
under high fertility conditions, especially as compared 
with the annuals. A small increase m tissue N con-
centration was noted for E.fasciculawm at the highest 
NO) and NHt concentrations and for E. farinosa at 
80 J.tg g-1 N as NO:j. 
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Table 2. Biomass after 3 months of growth. Seedlings were harvested and oven dned. Data shown are the means with SE indicated by parentheses 
1n = 5). All species demonstrated significant (P < 0.01) biomass differences with increasing nitrogen application. Differences between NHI 
.md NO::- treatments were significant (P < 0.05) only for Avenafatrta. 

:-<a;- NHJ 
2 Jlg g 20 Jlgg 40 llg I! 80 llg g 2 llg g 20 llg g 40/lgg 80 Jlg g 

Avenafatua 
Shoots 0.17 0.91 1.35 0.99 003 0 .85 1.57 1.37 

(0.05) (0.16) (0.26) (0.21) (0.02 ) (0.15) (0.37) (0.~) 

Root:Sboot 13.30 5.28 858 4 .99 13.30 4.80 4 .85 3.4~ 

(2.74) (0.98) (1.40) (1.09) (355) (050) (1.05) (0 .73) 

Bromus rubens 
'ihoots 0.25 0.64 1.68 1.37 0.19 056 1.39 1.15 

(0.03 ) (0.06) (0.34) (0.26) (0.()3) (0.11) (0 .25) (0.07) 
Root: Shoot 1.78 1.53 1.42 1.59 1.07 1.12 0 .99 0.83 

10.39) (0.34) (0.48) (0.34) (020) (0.18) (0.19) (0 .19) 

Brassica genrculata 
Shoots 0.01 0.39 0.89 1.32 0.01 023 0.42 0.81 

(0.00) (0.06) (0.07) (0.10) (0.00) (0.06) (026) (0.21) 
Root: Shoot 0.78 1.81 129 1.21 0.54 1.58 1.12 1.16 

(0.45) (0.17) (0.15) (0.23) (0.15) (021) (0.40) (0 .90 ) 

Artemisia califomica 
Shoots O.o7 0.67 0.% 1.18 0.08 0.85 1.25 1.73 

(0 .01) (0 12) (0.06) (0.21) (0.02) (0.16) (0.14) (0.18) 
Root:Sboot 0 .12 0.41 0 .37 0.36 0.48 0.24 0.19 0.16 

(0.02) (0.04) (0.03 ) (0.07) (0.14) (0.03) (0.05) (0.04) 

Encelia Jatinosa 
Shoots 0.05 0.20 0.40 0.45 0.05 0 .17 0.17 0.39 

(0.01) (0.03) (0.02) (0.06) (0.01) (0.06) (0.0Z) (0.07) 
Root: Shoot 1.58 1.85 2.16 2.82 1.18 1.90 164 1.94 

(0.27) (0.27) (026) (0.49) (0.16) (051) (0.20) (0 .08 ) 

Eriogonum fasiculatum 
Shoots 0 .05 128 1.45 1.86 0.55 093 1.75 2.43 

(0 .03) (038) (026) (0.28) nd (0.18) (0.39) (0.29) 
Root: Shoot 3.66 6.17 2.05 0.99 0 .26 2.09 115 2.09 

(3.29) (428) (0.36) (0.17) nd (0.50) (0.20) (3 .34) 

Discussion 

The results of these experiments indicate that as 
seedlings, the three CSS shrub species showed a 
greater relative yield response to increased N avail-
ability than the three exotic annualo;. This contrasted 
with predictions for N response based on native fer-
tility, productivity and species life form, in which it 
was expected that the shrubs would engage in uptake 
and storage of N rather than increased tissue synthe-
sis . All of the six species tested demonstrated 15- to 

2.5-fold increases in biomass between the 20-~g g-1 

treatment and the treatment resulting in the highest 
biomass accumulation. However, the grasses attained 
their highest yields at 40 ~g g-1 N. whereas the shrubs 
and B. geniculata grew significantly larger with the 
80-~g g-1 treatment. 

No difference in the relative yield response pat-
terns between N as N03 or NHt was detected. And in 
only one case was the absolute biomass significantly 
different between the two sources. Determination of 
N preference was important to understanding plant 
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response to deposition loads because in southern Cal-
ifornia more than 70% of the N deposited from pollu-
tion is as N03 (B ytncrowicz & Fenn 1996; Allen et al. 
1997: Padgett et aL 1999). This IS in contrast to many 
of the European studies where most of the deposited N 
is derived from agricultural NHt (Bobbink 1991 ). For 
these six species , however. theN source in a pot study 
was of little importance . 

Changes in R:S that frequently accompany 
changes in N availability are often used to explain the 
outcome of interspecific competitio n (Garnier et al. 
1989; Gutschlck 1993 ; VanderWerf et al. 1993) . The 
results of thls study did not indicate any clear trends 
regarding root responses . For example , the decrease 
in R:S with mcreased N by A. fatua suggest that at 
higher N rates , this species would be less compet-
itive below-ground because of reduced root surface 
in re lationship to shoot biomass. However, A . fatua 
also demonstrated the highest R:S among the 6 species 
under all N treatments. Comparisons between the an-
nuals and perennial shrubs is probably no t appropriate 

in this study because of the noted difference in bio-
mass allocation patterns to roots or shoots between 
monocots and dicots (Lambers & Poorter 1992). 

The significantl y higher N content of A. califor-
nica leaves is probably related to leaf morphology and 
anatomy. The leaves arc thread-like, and microscopic 
inves'tigation suggests that they consist of one layer 
of epidermal cells, a row of palisade parenchyma and 
a vascu lar bundle (Padgett unpubL obser.) . There is 
very little sch lerophilous tissue, spongy parenchyma 
or fibers . Although it mig ht be tempting to conclude 
that this species is particularly N inefficient because of 
the high tissue co nte nt (sensu Killingbeck & Whitford 
1996), theN content is probably more re lated to the 
lack of cells and tiss ues devoted to structural mainte-
nance such as fibers . Thus, a greater proportion of the 
dry weight is invo lved in physio logical processes that 
would require nitroge nous compounds. 

The apparent nitrophilous nature of A. califor-
nica, E.farinosa and E.fasciculatum observed in this 
study concur .with observations by Gray & Schlesinger 
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(1983) of theN response of Salvwleucophylla, an-
other semideciduous shrub native to CSS. Like A. cal-
ifornica, E. farirwsa and E. fasciculatum, S. leuco-
phylla demonstrated a linear growth response with 
increased N availability up to the highest treatment 
level, of 168 J.lg g-1 N. TheN response of S.leuco-
phylla differed substantially from that of a comparison 
sclerophyllous evergreen shrub, Ceanothus megacar-
pus. This shrub is an evergreen nonleguminous N 
fixer native to the physiographically similar chaparral 
ecosystems. Maximum yield for C. megacarpus was 
achieved at 84 j.lg g- 1 N, which was half the N 
concentration required for maximum yield of S. leu-
cophylla. Although the Gray & Schlesinger study was 
conducted in sand culture using flowing nutrient solu-
tions. the targeted concentrations of 21 to 168 f.J.g g- 1 

in solution were similar to the 2 to 80 f.J.g g-1 in soil 
used in this study. The results of Gray & Schlesinger 
(1983) suggest that higher biomass would have been 

obtained in our work had we used N concentrations 
above 80 J.lg g-1• 

The response of the CSS shrubs to increasing N 
is contrary to observations of other perennial species 
as compared to ruderal annuals (e.g .. Chapin et al. 
1986; Chapin & Moilanen 1991). All plants do have 
some ability to respond to changes in resource levels 
either hy regulating growth or by regulating nutrient 
absorption (Glass et al. 1985; Aslam et al. 1993). In 
these experiments analysis of the potting mix during 
the growth experiments indicated little difference in 
uptake rate among the six species suggesting that the 
differential yield response was not due to differences 
in uptake rates among these species (data not shown). 

The apparent nitrophilous nature of the CSS shrubs 
might be expected to give them a competitive advan-
tage under fertile conditions such as those occurring 
in areas of high N deposition. However, the field ob-
servations indicate that the native shrubs fare poorly 
under high N deposition, particularly once grasses are 
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well established (Schultz 1996; Eliason & Allen 1997; 
Minnich & Dezanni 1998). The exotic grasses are well 
adapted to the semi-arid, Mediterranean ecosystems 
of California. and once established their populations 
are self-sustaining, making eradication very difficult 
(da Silva & Bartolome 1984; Welker et al. 1991). 
Although differential yield responses between the life 
forms were clearly evident, at first glance they do not 
seem to explain the success of the invasive grasses 
and forbs and the loss of native shrubs during early 
seedling establishment. 

Other hypotheses for the success of exotic gr.tsses 
have been tested, including greater seedling size and 
growth rate resulting in shading of adjacent shrubs, 
below-ground competition for other nutrients or water 
(Eliason & Allen 1997). poor shrub seedling emer-
gence under dense grass litter (Schultz 1996) and gen-
eral depletion of shrub seed bank reserves following 
disturbances. If N were the only variable in the com-
petition between invasive annuals and native shrubs, 
the results of this study indicate that neither group 
has a particular advantage in the face of increasing N 
availability due to N deposition. 

One other explanation yet to be extensively ex-
plored is that poor regulation of growth results in 
shortened life spans. Poor long-term survival of arid-
adapted plants grown under horticultural conditions is 
conunon (Keator 1994). Because these shrubs appar-
ently lack the ability to restrict growth in the presence 
of exogenous N, under high deposition conditions, 
they may not receive or respond to environmental cues 
that should initiate preparation for donnancy. Absorp-
tion of N pollutants is thought to occur through foliar 
means in addition to the nom1al root pathway (Vose 
& Swank 1990; Hanson & Garten 1992; Nussbaum 
et al. 1993). If this were to occur in CSS species , fo-
liar deposition and subsequent absorption could cause 
a bypass in the normal environmental cues resulting 
in continued growth when these species should be 
preparing for sununer dormancy. This hypothesis is 
consistent with the observed pattern of loss of mature 
shrubs in the field. Work is ongoing to test this and 
other hypotheses to develop a generally applicable un-
derstanding of arid and semi-arid ecosystem responses 
toN deposition. 
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The Effects of Organic 
Amendments on the 
Restoration of a 
Disturbed Coastal Sage 
Scrub Habitat 
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Abstract 

The effectiveness of organic mulch as a simple means 
of enhancing the restoration of disturbed lands by 
providing a competitive edge to native perennials, 
such as Artemisia californica (California sagebrush), 
over exotic annuals, such as Avena fatua (wild oat), 
was studied by investigating the effect of organic 
amendments on microbial activity and nitrogen im-
mobilization through both soil analysis and above-
ground plant growth. The addition of organic amend-
ment resulted in an increase in microbial activity, a 
parallel increase in nitrogen immobilization, and no 
significant differences in total soil, nitrogen. It is 
likely that nitrogen was gradually being removed 
from its more available form of nitrate and being im-
mobilized in the tissues of the increasing microbial 
biomass. The survival rate of planted native perennial 
seedlings of A. californica in organic amended plots 
was almost double that of control-plot seedlings, and 
plant volume was significantly higher. When the avail-
ability of nitrogen was reduced through increased im-
mobilization, amended plots established an environ-
ment more conducive to native perennial shrubs, 
allowing them to outcompete exotic annuals for water 
and nutrients. This simple procedure could have ma-
jor implications for enhancing the restoration of dis-
turbed lands. 
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Introduction 

E cological restoration is the retum of an ecosystem 
to a self-sustaining entity in which natural ecolog-

ical processes operate without the continued interven-
tion of resource managers or reliance on engineered 
structures (Berger 1993). The aim of restoration is not 
merely the establishment of abovegrow1d vegetation 
but the retum to a native-dominated commwlity. One 
often-neglected aspect of such a retum is the reestab-
lishment of the belowgrow1d components of the ecosys-
tem (Allen 1988). The availability of soil nutrients is in 
large part controlled by belowgrow1d biota, which reg-
ulate mineralization and immobilization. These pro-
cesses determine nitrogen availability for uptake, vola-
tilization, and leaching, which are crucial for successful 
restoration (Whitford et al. 1988). 

Lands severely disturbed by either natural or anthro-
pogenic causes tend to have dysfwlctional nitrogen cy-
cles associated with the removal of plants and increased 
mineralization because of physical soil disturbance 
(Marrs et al. 1983; Carpenter & Allen 1988; George et al. 
1993). Nitrogen-rich systems often are conducive to the 
establishment and maintenance of exotic annual species 
rather than native pererulials (Chapin 1980; Jackson et 
al. 1988; Hart et al. 1993; Davidson et al. 1990). To rees-
tablish a perermial native-dominated commwlity on 
such lands, it may be necessary to shift the cycling to a 
slow, steady-release, nitrogen-poor system favored by 
native pererulials. This might be accomplished by the se-
questering of nitrogen from the soil to reduce the com-
petitive abilities of nitrophilous exotic am1Uals while in-
creasing the competitive abilities of native peremlials. 
This may be especially critical in relatively nutrient-rich 
soils such as those that predominate in coastal sage veg-
etation in California (Allen et al. 1996). 

This study was designed to test the effectiveness of 
organic mulch as a simple means of enhancing the res-
toration of disturbed lands. Research was conducted on 
an ecological reserve that had experienced large-scale 
disturbance 10 years before through the construction of 
a pipeline corridor. The corridor is presently dominated 
by exotic annual species on a relatively nitrogen-rich 
soil (Zink et al. 1995). The addition of orga.tlic amend-
ments to increase microbial activity a.tld the subsequent 
increase in nitrogen immobilization were tested through 
both belowground chemical and biological analysis and 
aboveground analysis of plant growth. 

Methods 

Study Site 

We studied a disturbed area on the Santa Margarita Eco-
logical Reserve. The reserve has approximately 1200 ha 
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of native grassland, coastal sage, oak woodland, chapar-
raL and riparian habitat. Though surrounded by both ag-
ricultural development (avocado and citrus groves) and 
urbanization, the reserve remains relatively undisturbed. 
The area has a history of intermittent grazing from the 
mid-nineteenth century through the 1950s (Burcham 
1957) and has been protected as a reserve since 1965. 

The Santa Margarita Ecological Reserve is located 
near the city of Temecula, California, (33°32'10"N, 
l17°10'25''W) at an elevation of 338m. It has a Mediter-
ranean climate with over 300 frost-free days per year 
and a mean temperature range of 15-19°C. Precipitation 
ranges from 228 to 460 mm per year, with a mean of 280 
nm1. Soil is a Lithic Haploxerol with moderately slow to 
slow permeability (Cooper et al. 1973). 

The disturbance was caused by the installation of two 
m1derground water pipelines along a corridor ranging in 
width from 45 to 120m. The corridor is relatively homoge-
neous along its entire length, and the vegetation bears lit-
tle resemblance to the native habitats through which it 
passes. It has been 10 years since the disturbance occurred 
and there has been little reestablishment of native species 
within the disturbance corridor (Zink et al1995). 

Experimental Design 

We established 27 plots (1m X 0.5 m) in January 1993 on 
the disturbed site using a random block design of three 
blocks each with nine plots. ArulUal vegetation was 
mowed to ground level prior to plot establishment. Treat-
ments were randomly placed within each block to provide 
three control plots where no amendment was applied; 
three plots with a highly recalcitrant amendment (pine 
bark), approxin1ately 3 an thick; and three plots with a less 
recalcitrant amendment (oat straw), also 3 em thick. The 
amendments were applied on tile surface without disking 
to elimit1ate the "green manure" effect of increased miner-
alization by not incorporating tile organic matter into the 
soil (Holland & Coleman 1987; Paustian et al. 1992). 
Weedy invasives were not subsequently controlled. 

The experitnental design consisted of a complete ran-
domized block design wiili three blocks. Wiiliin each 
block, nme plots were randomly assigned with the fol-
lowitlg treatments: Artemisia cnlifornica (California sage-
brush) plus bark mulch, A. cnlifornica plus straw mulch, 
A. cnlifornicn and no mulch, Stipa pulchra (purple stipa) 
plus bark mulch, S. pulchra plus straw mulch, S. pulchra 
and no mulch, no seedlings and bark mulch, no seed-
lillgs and straw mulch, no seedlillgs and no mulch. 
Each planted plot consisted of 12 seedlings per plot. 

Soil Sampling and Plant Growth Measurements 

Soil samples were taken regularly at three-month inter-
vals. Three 10-cm-deep cores per plot were taken witll a 

2-cm staillless steel corer sterilized with 50% ethanol 
and were placed it1 separate sterile soil sample bags that 
were transported back to the laboratory in a cooled ice 
chest. All soil samples were kept refrigerated at 5°C and 
analyzed witllin 24 hours of collection. The following 
parameters were measured: active fm1gal hyphallength 
and bacteria counts, ammonium, nitrate, total nitrogen, 
and organic 01atter. 

Plant growth comparison was conducted by measur-
ing plant volume for all seedlings. S. pulchra seedlings 
suffered from extensive herbivory by rabbits, and all 
aboveground growth was consistently removed during 
each growing season. We therefore could not measure 
S. pulchra seedfu1gs, so growth comparisons were con-
ducted only for A. cnlifornica seedlit1gs. 

Plant volume was determined by the formula V = 
4/31rr1r2r3, where the first radius was a vertical mea-
surement and the other two radii were measured on a 
horizontal plane, perpendicular to each other, at the 
plant's widest point. 

Microbial Measurements 

Europium stainit1g procedures outlilled by Anderson 
and Slinger (1975) and modified by Trent (1993) and 
Conners and Zink (1994) were used to detennine active 
fm1gal hyphal lengths and bacteria com1ts. In this proce-
dure, Europium(III) tllenoyltrifluoroacetonate (Eu(TTAh) 
is mixed with a fluorescent brightener (FB) in 50% etha-
nol and water to create a differential fluorescent stait1 
(DFS). The stain is absorbed by living soil organisms 
and other organic 01aterial but not inorganic particles. 
The DFS emits light between 615 and 630 1m1 and is ob-
served as red due to the europium. This identifies living 
tissue. Europium staitling minimizes the interference 
from nonmicrobial particles often found in association 
with living cells (Scaff et al. 1969; Anderson & West-
moreland 1971; Anderson & Slit1ger 1975). 

A Lietz Laborlux 12 microscope using ultraviolet 
light from a band pass excitation filter with a wave-
length of 340-380 nm and a Pulnix TM-845 video cam-
era were used for stain evaluation. The Imageviewer 
computer program (W. Morris, San Diego State Univer-
sity) was used to store and analyze the images follow-
ing imagit1g procedures outlined in Morgan et al. 
(1991). Fungi were observed with a 40X phase-contrast 
lens. Bacteria were observed under an oil-immersion 
lOOX lens. A 1:1 dilution was used unless the bacteria 
were so numerous as to require use of a 1:4 dilution for 
image definition. Each stained i01age was recorded and 
the itnaged area totalled and used to calculate either hy-
phallength per gram of soil or number of bacteria per 
gram of soil. These were then converted to biomass 
numbers. For fungi the formula 1rr21 was used, with r = 
3 JLm and 1 cm3 = 1 g. For bacteria the formula 1Tr3(n) 
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was used, with r = 0.3 JJ..m and n = number of bacteria 
imaged. 

Soil Physicochemical Properties 

Ammonium and nitrate were determined by potassium 
chloride extraction (Keeney & Nelson 1982). Total nitro-
gen was determined by the Kjedahl digestion method 
(Brenmer & Mulvaney 1982), and organic matter was 
determined by the loss-on-ignition method (Nelson & 
Sommers 1982). 

Analysis 

All parameters were analyzed by two-factor (treatment 
and block) analysis of variance. Fisher's protected least 
significant difference test was used to check for signifi-
cant difference, with p ~ 0.05 used to denote signifi-
cance (Zar 1984). Values of p ~ 0.10 were noted as indic-
ative of possible trends. All parameters at the test site 
were analyzed for the effects of seedling presence, with 
no significant differences noted for any paran1eter. 

Results 

Plant Growth and Microbial Measurements 

All A. californica seedlings were approximately 5 em 
high at the time of planting in February 1993. During 
the first three months after planting, seedlings in all 
three treatment plots experienced die-off, probably 
from transplant shock Survival rate was highest (84%) 
in bark-amended plots and lowest (44%) in control 
plots. After three months the survival rate for all three 
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Figure 1. Survival rates for seedlings planted under control 
(dashed line), straw-amended (dotted line), and bark-
amended (solid line) treatments. 

treatments leveled out and remained fairly steadv for 
the remaining two years of the experiment (Fig.1). 

Significant differences in pl~1t volume between 
amended plots and control plots began to appear in Oc-
tober 1993 and continued throughout the experimental 
period (Fig. 2). From October 1993 through February 
1995 seedlings in both bark- and straw-amended plots 
showed significantly more growth (p ~ 0.05) than con-
trol plot seedlings. By the end of the experiment bark-
amended plots still maintained this increased seedling 
growth compared to control plots. 

Measurements of active fungal hyphae, taken in Feb-
ruary 1993 just prior to the establishment of the plots, 
indicated no initial significant difference among treat-
ments. Begirming in January 1994, amended plots be-
gan to show higher amounts of active fungal biomass 
than control plots (Fig. 3). In January 1994 bark-
amended plots contained more active fungal hyphae 
than control plots (p ~ 0.10). This increase in active fun-
gal hyphae continued over the next two growing sea-
sons, with significant differences seen between control 
and amended plots in July 1994 (p ~ 0.05), February 
1995 (p ~ 0.01), and May 1995 (p ~ 0.01). 

Bacteria levels did not differ between treatments 
throughout the entire testing period, with only two ex-
ceptions (Fig. 4). Straw-amended plots showed a signif-
icant increase in bacteria over control plots in July 1994 
(p ~ 0.05) and in February 1995 (p ~ 0.01). 

Soil Nitrogen and Organic Matter 

No initial significant differences among all three treat-
ments were detected for nitrate, ammonium, and total 
nitrogen content in the soil. Beginning in July 1993, soil 
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Figure 2. Plant volume under control (plain), straw-amended 
(stipuled), and bark-amended (cross-hatched) treatments. Sig-
nificant difference at p ~ 0.05 represented by two asterisks; sig-
nificant difference at p ~ 0.01 represented by three asterisks. 
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Figure 3. Active fungal biomass under contro~ (plain), straw-
amended (stipuled), and bark-amended (cross-hatched) treat-
ments. Significant difference at p ~ 0.10 represented by one 
asterisk; significant difference atp ~ 0.05 represented by two 
asterisks; significant difference atp ~ 0.01 represented by 
three asterisks. 

nitrate content was significantly lower in amended 
plots than in control plots (Fig. 5). Straw-amended plots 
showed significantly lower values in July 1993 (p ~ 
0.05), January 1994 (p ~ 0.05), July 1994 (p ~ 0.01), and 
October 1994 (p ~ 0.05). Nitrate under bark-amended 
plots was significantly lower than in control plots in Oc-
tober 1993 (p ~ 0.01), July 1994 (p ~ 0.01), October 1994 
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Figure 4. Biomass of bacteria under control (plain), straw-
amended (stipuled), and bark-amended (cross-hatched) treat-
ments. Significant difference at p ~ 0.05 represented by two 
asterisks; significant difference at p ~ 0.01 represented by 
three asterisks. 
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Figure 5. Available soil nitrogen in the form of nitrate under 
control (plain), straw-amended (stipuled), and bark-amended 
(cross-hatched) treatments. Significant difference atp ~ 0.05 
represented by two asterisks; significant difference atp ~ 0.01 
represented by three asterisks. 

(p ~ 0.05), and February 1995 (p ~ 0.05). Significant differ-
ence was detected in the amount of anunoniwn on three 
sampling dates. Ammonium under straw-amended plots 
was significantly lower than in control plots in July 
1993 (p ~ 0.05) and in January 1994 (p ~ 0.01). Bark-
amended plots showed significantly lower ammonium 
than control plots in January 1994 (p ~ 0.01). In May 
1995, reverse results were seen, with bark-amended 
plots having significantly higher ammonium than both 
straw-amended and control-plots (p ~ 0.10) (Fig. 6). To-
tal nitrogen for all three treatments remained fairly con-
sistent throughout the experiment, with no significant 
differences except for the last sampling data taken in 
May 1995 (Fig. 7). At this time both bark- and straw-
amended plots had significantly more soil nitrogen (p ~ 
0.01) than control plots . 

Soil organic matter content did not differ anwng the 
three treatments for the first six months of the experi-
ment. But first in July 1993 and then from January 1994 
through the end of the research in May 1995, organic 
matter content increased significantly under the bark-
amended plots compared to control plots (Fig. 8). No 
change in soil organic matter was detected under the 
straw-amended treatment. 

Di scussion 

Results from this study demonstrated that the addition 
of recalcitrant an1endment is beneficial for the restora-
tion of native shrubs on disturbed lands by increasing 
microbial activity and subsequently increasing nitrogen 
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Figure 6. Available soil nitrogen in the form of ammonium for 
control (plain), straw-amended (stipuled), and bark-amended 
(cross-hatched) treatments. Significant difference atp,:; 0.10 
represented by one asterisk; significant difference at p ,:; 0.05 
represented by two asterisks; significant difference atp ,:; 0.01 
represented by three asterisks. 

immobilization. Microbial activity was increased in 
bark-amended plots, especially fungal biomass. This in-
crease in microbial activity was paralleled by a signifi-
cant decrease in available nitrogen, in the form of ni-
trate, and a significant increase in soil organic matter. 
Soil ammonium results were inconclusive. Because to-
tal nitrogen did not differ in the recalcitrant amended 
plots, it is likely that nitrogen was gradually removed 
from its more available form of nitrate and immobilized 
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Figure 7. Total soil nitrogen under control (plain), straw-
amended (stipuled), and bark-amended (cross-hatched) treat-
ments. Significant difference at p ,:; 0.01 represented by three 
asterisks. 
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Figure 8. Total soil organic matter under control (plain), 
straw-amended (stipuled), and bark-amended (cross-hatched) 
treatments. Significant difference at p ,:; 0.05 represented by 
two asterisks significant difference atp,:; 0.01 represented by 
three asterisks. 

in the tissues of the increasing fungal biomass and or-
garlic matter. 

Increased microbial activity resulting in lower avail-
able nitrogen has been shown previously. Using crop 
residue, Schomberg et al. (1994) found that additional 
nitrogen was immobilized in soil containing litter with 
high lignin. Holland and Coleman (1987) also reported 
that higher steady-state levels of soil organic matter were 
present when surface-applied, fungal-decomposed litter 
was added to the soil. 

Fungi are more tolerant of low water potentials and 
may have an advantage over bacteria in decomposing 
surface litter. The ability of fungi to form hyphal net-
works and bridge the gap between soil and surface or-
ganic matter also provides a more favorable environ-
ment for fungi than for bacteria (Doran 1980). This was 
demonstrated by Holland and Coleman (1987), who 
found an increase in fungal biomass with surface-applied 
litter and a subsequent increase in net nitrogen immobi-
lization and slower microbial biomass tummler. Their 
results are similar to those of Kassim et al. (1981), who 
showed fungal biomass to be more recalcitrant than 
bacteria. Fungal biomass, with a higher proportion of 
cell wall material than that of bacteria, mineralizes 
slower and therefore retains nitrogen in an organic 
form longer than bacteria. Increased fungal biomass ap-
pears to increase nitrogen immobilization and decrease 
the rate of mineralization. 

Planted native pererulial seedlings benefited from the 
addition of recalcitrant organic amendment. The sur-
vival rate of seedlings in bark amended plots was al-
most double that of control plot seedlings. Such a dra-
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rna tic difference in seedling survival might be the result 
in part of an improved microclimate, because increased 
water retention and temperature moderation were ob-
served. We suggest that the improved plant growth in 
bark-amended plots over control plots was likelv are-
sult of the increase in microbial activity and nitrogen 
immobilization causing a reduction in competition with 
exotic weeds. Exotic ammals are highly plastic and, in 
nitrogen fertilization experiments in coastal sage, re-
sponded to high nitrogen inputs. Native shrubs, on the 
other hand, did not respond as well to elevated concen-
trations of nutrients (Allen et al. 1996). By reducing the 
availability of nitrogen through immobilization, bark 
amendments establish an enviromnent more conducive 
to native peremlial shrubs, allowing them to outcom-
pete the exotic annuals for water and nutrients. Such a 
connection between increased plant growth and the 
chemical and biological changes occurring in amended 
soils concurs with several previous studies (Schuman & 
Sedbrook 1984; Smith et al. 1985, 1986). 

Whitford et al. (1988) described the value of bark as ~ 

an organic amendment to restore stable decomposition 
and mineralization and to provide the desired slow re-
lease of energy for microflora. He emphasized that or-
ganic matter is the key to stable microbial activity in 
arid and semiarid ecosystems. Several other studies 
have also confirmed that the addition of recalcitrant or-
gatlic matter to disturbed soil results in higher rates of 
decomposition at1d nlineralization through the devel-
opment of soil microorgatlisms comparable to those of 
m1distmbed systems (Elkins et al. 1984; Ingham et al. 1985; 
Smith et al. 1986; Schuman & Belden 1991). Though 
there have been studies of the nitrogen cycle of several 
Califonlia ecosystems (Bartolome 1979; Jackson & Roy 
1986; Jackson et al. 1988; Davidson et al. 1990; Hart et al. 
1993), little research on the effects of organic matter 
amendments has been performed in southern California, 
and no literature could be found on the effect of recalci-
trant organic matter on soil fungi in this area Southern 
Califonlia's coastal sage habitat consists mainly of pe-
remlial shrubs that steadily produce litter with a rela-
tively high lignin content throughout most of the year 
(Woodmat1See & Duncan 1980). Such recalcitrant litter 

I
is slow to decompose at1d leads to immobilization of ni-
trogen, wllich is subsequently released slowly over 
time. Thus, native habitats in arid and semiarid regions 
are usually poor in available nitrogen (Wllitford 1986). 

It appears that the addition of orgatlic amendments, 
such as bark or straw, affects the nitrogen cycle on dis-
turbed lands by increasing the immobilization of nitro-
gen through increasing microbial activity. This would 
effectively slow the release of available nitrogen neces-
sary to support the quick nutrient turnaround required 
by exotic atmuals and could be a significant factor in 
providing a competitive edge to native perennials. This 

simple procedure could have major implications for en-
hancing the restoration of disturbed lands. 
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surtaces; therefore the amount of stormwater discharge is expected to be the same or 
less than under existing conditions (URS 2008a). Impacts to the San Joaquin River 
would not occur. For a complete analysis of water quality impacts, refer to the Soil and 
Water Resources section of this Revised Staff Assessment. 

Air Emissions - Nitrogen Deposition 

Nitrogen deposition is the input of nitrogen oxide (NOx) and ammonia (NH 3 ) derived 
pollutants from the atmosphere to the biosphere. Mechanisms by which nitrogen 
deposition can lead to impacts on sensitive species include direct toxicity, changes in 
species composition among native plants, and enhancement of invasive species (Fenn 
et al 2003; Weiss 2006a). The increased dominance and growth of invasive annual 
grasses is especially prevalent in low-biomass vegetation communities that are naturally 
nitrogen-limited, such as coastal sage scrub, serpentine grassland, desert scrub, and 
sand dunes (Weiss 2006a). 

The Antioch Dunes National Wildlife Refuge (NWR), which is approximately 0. 75-mile 
west of the MLGS site, was once part of an expansive aeolian (wind-blown) dune 
system along the shoreline of the San Joaquin River. Established in 1980, the Antioch 
Dunes NWR comprise 67 acres in two disjunct units (Sardis Unit and Stamms Unit) and 
supports the last known natural populations of the federally endangered Lange's 
metalmark buttertly, federally and state endangered Antioch Dunes evening primrose, 
and federally and state endangered Contra Costa wallflower (USFWS 2001 b). Antioch 
Dunes evening primrose, Contra Costa wallflower, and naked-stemmed buckwheat, the 
larval host plant of Lange's metalmark butterfly, require open sandy substrate for 
survival. Annual survey data collected from 1984 to 2009 shows that the populations of 
these endangered species are generally in decline and largely sustained by artificial 
propagation and transplantation (USFWS 2009a; USFWS 2009b; Euing 2010). 

Noxious weeds (e.g., yellow starthistle, winter vetch, and ripgut brome) are the greatest 
threat to the endangered species at the Antioch Dunes NWR (USFWS 2001 b; USFWS 
2009a; USFWS 2009b). Invasive, non-native vegetation affects Antioch Dunes evening 
primrose, Contra Costa wallflower, and naked-stemmed buckwheat by out-competing 
them for space, sunlight, moisture, and nutrients as well as increasing fuel loads 
(Pavlick and Manning 1993). A soil evaluation conducted for the Antioch Dunes NWR 
found that Antioch Dunes evening primrose, Contra Costa wallflower, and naked-
stemmed buckwheat are more competitive growing in or better adapted to less-fertile 
soils or areas of low-percent vegetative cover (Jones and Stokes 2000). Despite 
significant efforts in 2006, 2007, 2008, and 2009 to manage invasive weeds, 
populations continue to thrive throughout the refuge (USFWS 2009a; USFWS 2009b ). 

Excessive nitrogen deposition is strongly correlated with the growth of non-native 
vegetatio n (Huenneke et al 1990; Inouye and Tilman 1995; Weiss 1999; Bowman and 
Steltzer 1998; Brooks 2003) and field studies have found that nitrogen fertilization in 
sites with elevated nitrogen deposition will enhance grass invasion (Rillig et al 1998; 
Brooks 2003). Several recent studies have attempted to quantify the critical load or rate 
at which nitrogen deposition begins to result in adverse effects to nitrogen-sensitive 
ecosystems. Studies in the United Kingdom suggest that the critical load ranges from 10 
to 20 kilograms of nitrogen per hectare per year (kg/ha/yr) for mobile and fixed sand 
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dune ecosystems (Jones et. al. 2004; Plassmann, et. al. 2009). Fenn et. al. (2003) 
counter that estimated nitrogen deposition thresholds for ecological effects for other 
geographic regions are frequently not applicable to the western United States. 
Research conducted in the South San Francisco Bay area on grasslands in nutrient-
poor serpentinic soils indicates that intensified annual grass invasions can occur in 
areas with nitrogen deposition levels of 11 to 20 kg/ha/yr, with relatively limited 
invasions at levels of 4 to 5 kg/ha/yr (Weiss 2006b). In previous northern California 
power plant cases licensed by the Energy Commission (e.g., CEC 2007) as well as a 
California-wide study of nitrogen deposition (Weiss 2006a), 5 kg/ha/yr was used as a 
benchmark for analyzing nitrogen deposition impacts to plant communities (CEC 2007); 
this benchmark was also used as the significance threshold in the applicant's nitrogen 
deposition impact analysis (URS 2010, Data Response #99). 

An Energy Commission Public Interest Energy Research study modeled total nitrogen 
deposition throughout California (Tonnesen et. al. 2007); results showed that most of 
California experiences elevated rates of annual nitrogen deposition, especially near 
urban areas. In the area encompassing the Antioch Dunes NWR, the baseline nitrogen 
deposition rate is estimated to be approximately 6.39 kg/ha/yr (Tonnesen et. al. 2007). 
Although this estimate was produced using 2002 data, it is believed to be the most 
comprehensive and accurate data set available. Advances in emission control 
technology and offsets for stationary sources have resulted in a decrease of NOx 
emissions (BAAQMD 201 Oa). However, given the increase in vehicle transportation 
activity, emissions controls that cause NH3, and use of synthetic fertilizers, NH3 
emissions in the region could be increasing over time, although there is no formal 
inventory or prediction of long-term trends (BAAQMD 2009; BAAQMD 201 Ob ). 
Therefore, without updated modeling at a similar scale (4 km2 grid), it is difficult to 
determine whether this baseline level of nitrogen deposition has changed substantially 
since 2002. 1 

According to the applicant's response to data request #99 (URS 2010a) and as recently 
updated by the applicant (URS 2010b), modeled nitrogen deposition rates from MLGS 
at the Antioch Dunes NWR would be between 0.0307 and 0.0447 kg/ha/yr. In 
combination with background levels, the maximum direct nitrogen deposition rate at 
Antioch Dunes NWR would be approximately 6.4347 kg/ha/yr. Threats to the 
endangered species at the Antioch dunes from noxious weeds are likely exacerbated by 
nitrogen fertilization; therefore, additional nitrogen deposition at this already stressed 
ecosystem would be a significant impact. 

Staffs proposed mitigation approach requires the applicant to remit annual payment 
towards the operation and maintenance cost of the Antioch Dunes NWR. The annual 
operating cost is approximately $385,000 and includes money for non-native plant 
removal/fire prevention, sand acquisition, grazing management, butterfly propagation, 
and rare plant propagation (Picco 2009). Contributing payment would partially fund the 
management activities required to address impacts to the Antioch Dunes NWR from the 
effects of noxious weed proliferation resulting from nitrogen deposition. 

1 In data response #60 (URS 2009d). the applicant estimated the baselme nitrogen deposition rate to be 1.63 kg/ha/yr. These data were collected from a 
monitoring station in Davis, California, approximately 40 miles north of the proposed project area. This baseline estimate included inorganic wet deposition from 
nitrate and ammonium. It did not estimate total nitrogen, which also includes dry deposition (a significant proportion of total nitrogen (see Weiss 1999, 
Tonneson 2007, and Fenn et. a!. 2003) and all the nitrogen species (i.e., HNO,, NH,, NO, NO,, N,Os. PAN, and aerosol ammonium nitrate [NH,NO,J). 

BIOLOGICAL RESOURCES 4.2-16 June 2010 



It is understood that emissions from the proposed MLGS project would not be the only 
source of nitrogen deposition at Antioch Dunes NWR. There are existing industrial 
stationary sources as well as mobile sources (i .e. , transportation) in the San Francisco 
Bay area that have collectively elevated local and regional nitrogen deposition. 
Accordingly, staff proposes that the applicant's payment toward the operating cost of 
Antioch Dunes NRW be proportional to the proposed project's contribution toward total 
nitrogen deposition at Antioch Dunes NWR. The following equation was developed by 
staff to calculate the amount of mitigation that would be proportional to the project's 
contribution to ongoing impacts. Refer also to Condition of Certificat ion 810-8 (Antioch 
Dunes National Wildlife Refuge Funding). 

(MLGS N-dep at ADNWR I base line N-dep at ADNWR) x annual operating cost of 
ADNWR = mitigation $/year 

(0.0447 kg/ha/yr/6 .3947 kg/ha/yr) x $385,000 =$2,693.00/year 

It is staff's determination that annual payment toward the operating cost of Antioch 
Dunes NWR that is proportional to the MLGS project's contribution to cumulative tota l 
nitrogen deposition (as calculated using the above equation and described in 810-8) 
wou ld mitigate adverse impacts to Antioch Dunes NWR and the Antioch Dunes even ing 
primrose , Contra Costa wallflower, and Lange's metal mark butterfly from noxious weed 
proliferat ion exacerbated by MLGS nitrogen deposition. 

It shou ld be noted that the Applicant retains sufficient certificates to offset the MLGS 
project's NOx emissions (BAAQMD 201 Ob; refer also to the A ir Qua lity section of this 
Revised Staff Assessment for additional information). However, for the following 
reasons, these offsets would not sufficiently mitigate indirect impacts from nitrogen 
deposition at the Antioch Dunes NWR: 

• 	 Precu rsor organic compounds (POC) offsets may be used to offset emission 
increases of NOx (BAAQMD 2010b, Regulation 2-2-302.2). POCs do not perta in to 
nitrogen deposition . 

• 	 Available offsets are temporally and spatially variable and therefore would not 
directly amel iorate the current nitrogen deposition at the Antioch Dunes NWR in 
particular. 

• 	 The NOx offsets do not address NH 3, which is a substantial contributor to total 
nitrogen deposition . 

CUMULATIVE IMPACTS 

"Cumulative" impacts refer to a proposed project's incrementa l effect viewed over time 
together with other close ly related past and present projects and projects in the 
reasonably foreseeable future whose impacts may compound or increase the 
incremental effect of the proposed project (Public Resources Code Section 21 083; 
California Code of Regulations ., Title 14, Sections 15064[h], 15065[c], 15130, and 
15355). 

The cumulative scenario for biological resources includes past , present and reasonably 
foreseeable future projects with emissions that contribute to nitrogen deposition at 
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Antioch Dunes NWR. These projects include the Willow Pass Generating Station 
(proposed), Oakley Generating Station (proposed), Contra Costa Power Plant (existing ), 
Gateway Generating Station (existing), Pittsburg Power Plant (existing), as well as 
several other existing and proposed industrial stationary sources (e.g., manufacturing 
facilities). 

The Antioch Dunes NWR is the first and only refuge in the United States established to 
protect endangered plants and insects (USFWS 2001b). The 67-acre NWR is an 
isolated patch of a formerly expansive and biologically diverse dune system. The 
federally endangered Lange's metalmark butterfly, federa lly and state endangered 
Antioch Dunes evening primrose, and federally and state endangered Contra Costa 
wallflower are only known from this loca tion and their numbers are in decline. Given the 
low population numbers and isolated geographic area, the endangered species at the 
Antioch Dunes NWR are extremely vulnerable to environmental change and stochastic 
events. The largest threat to these species is noxious weed invasion and the resultant 
cascading effects (e.g., competition, wildfires). As described above, noxious weed 
invasion is facilitated by nitrogen deposition, which is a result of the emissions of many 
mobile and stationary sources within the region. 

The proposed MLGS project when considered with the aforementioned past, present, 
and reasonably foreseeable future projects would contribute to nitrogen deposition at 
Antioch Dunes NWR, thereby exacerbating cumulative impacts to the federally 
endangered Lange's metalmark butterfly, federally and state endangered Antioch 
Dunes evening primrose, and federally and state endangered Contra Costa wallflower. 
However, adequate payment toward the operating cost of Antioch Dunes NWR to 
partially fund management activities (as described in 810-8) would mitigate impacts 
resulting from MLGS nitrogen deposition at the NWR, thereby eliminating the proposed 
project's contribution to cumulatively considerable effects. 

COMPLIANCE WITH LORS 

The proposed project must comply with state and federal LORS that address state and 
federally listed species, as well as other sensitive species and their habitats. Applicable 
LORS are presented in BIOLOGICAL RESOURCES Table 1. Direct impacts to 
biological resources are largely avoided, and accordingly most applicable LORS 
complied with, because the proposed project is sited in a highly industrialized, disturbed 
location within the existing CCPP. LORS compliance issues for indirect effects of the 
proposed project are discussed below. 

ENDANGERED SPECIES ACT (ESA; 16 USC SECTION 1531 ET SEQ.) 
Potential take of federally-listed species (i.e., federally endangered Lange's metalmark 
butterfly, federally endangered Antioch Dunes evening primrose, and federally 
endangered Contra Costa wallflower) at the Antioch Dunes NWR, which is federal land, 
requires compliance with the federal Endangered Species Act (ESA). The definition of 
"take" under ESA section 3(19) includes "harm". Harm is further defined by USFWS to 
include "significant habitat modification or degradation that results in death or injury to 
listed species by significantly impairing behavioral patters such as breeding, feeding, or 
sheltering" (50 CFR section 17.3). It is staff's opinion that the proposed project's 
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relatively small incremental contribution to cumulative nitrogen deposition and the 
resultant habitat degradation at Antioch Dunes NWR would not result in harm, as 
described above. Therefore, it is staffs determination that the proposed project would 
comply with the federal ESA. 

CALIFORNIA ENDANGERED SPECIES ACT (FISH AND GAME CODE 
SECTION 2050 ET SEQ.) 
The California Endangered Species Act (CESA) prohibits the "take" (defined as "to hunt, 
pursue, catch, capture, or kill") of state-listed species (i.e., state-endangered Antioch 
Dunes evening primrose, and state-endangered Contra Costa wallflower). It is staffs 
opinion that the proposed project's relatively small incremental contribution to 
cumulative nitrogen deposition and the resultant habitat degradation at Antioch Dunes 
NWR would not result in take, as defined above. Therefore, it is staff's determination 
that the proposed project would comply with CESA. 

NOTEWORTHY PUBLIC BENEFITS 

• 


The proposed MLGS would facilitate the replacement of the existing CCPP, which 
consists of the remaining operating Units 6 and 7. Mirant Delta, LLC, the owner of the 
CCPP, has agreed (subject to regulatory approval) to shut down and retire the CCPP as 
of midnight on April 30, 2013, which is just before MLGS is scheduled to commence 
commercial operation. Retirement of CCPP would eliminate its use of once-through 
cooling, which draws cooling water from the San Joaquin River and then discharges it 
back into the river after use. The resulting elimination of impingement and entrainment 
of aquatic organisms as well as the reduction in thermal pollution from discharge water 
into the San Joaquin River is a noteworthy environmental public benefit. 

RESPONSES TO COMMENTS 

Staff received comments on the Biological Resources section of the Staff Assessment 
for the proposed MLGS Project from CDFG. CDFG's comment and staff's response are 
provided below. 

California Department of Fish and Game 
May 27, 2010 (CDFG 2010b) 

Comment: "We agree that the applicant should contribute funds to the Antioch Dunes 
National Wildlife Refuge to offset the effects of nitrogen deposition resulting from the 
project. However, we believe that the calculation used to determine the annual fee was 
incorrect. The fee was based on the existing management costs rather than future 
management costs. As nitrogen deposition occurs, management costs at the Refuge 
associated with invasive species control will increase substantially over time. Moreover, 
the fee assumed by the CEC does not account for annual inflation. Thus, the proposed 
fee does not meet DFG's definition of full mitigation for impacts on sensitive and listed 
species. Please consult with Refuge staff and DFG, and adjust the fee accordingly." 

Response: The Antioch Dunes NWR annual management cost that was used to 
calculate the payment required to offset the MLGS project's effects of nitrogen 
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deposition was provided to staff by USFWS in consultation with NWR staff. 
Based on recent discussions with CDFG, staff's understands that CDFG is 
working further with USFWS to identify a management cost (and assumptions) 
that accounts for future increases in management costs, but would not require 
annual recalculation of the amount of payment required per Condition of 
Certification 8 10-8. This information was unavailable at the time of RSA 
publication, but may be provided by CDFG; staff will consider adjusting its 
analysis accordingly and provide supplemental testimony prior to the evidentiary 
hearings, if necessary. 

Condition of Certification BI0-8 requires each annual payment to be adjusted for 
inflation in accordance with the Employment Cost Index - West or its successor. 
as reported by the U.S. Department of Labor's Bureau of Labor Statistics. 

CONCLUSIONS 

Impacts to biological resources would be largely avoided because the proposed power 
plant site, construction laydown areas, and routes of proposed linear facilities (i.e., 
~ransmission , water, and natural gas) are highly disturbed or developed and surrounded 
by heavy industrial uses including the Contra Costa Power Plant and the Gateway 
Generating Station. The potential for the project area to support sensitive biological 
resources is low; the immediate vicinity supports wildlife that are likely habituated to 
frequent disturbance. With implementation of applicant-proposed avoidance and 
minimization measures and staff's proposed conditions of certification, direct impacts to 
biological resources would be less than significant. 

Indirect impacts to the Antioch Dunes National Wildlife Refuge (NWR) would result from 
nitrogen deposition caused by MLGS emissions. The Antioch Dunes NWR, comprises 
67 acres of remnant sand dunes, which contain the last known populations of the 
federally endangered Lange's metalmark butterfly, federally and state endangered 
Antioch Dunes evening primrose, and federally and state endangered Contra Costa 
wallflower. The greatest threat to these listed species is noxious weed invasion and the 
resultant cascading effects (e.g., competition, wildfire). Noxious weed proliferation is 
exacerbated by nitrogen deposition. Emissions from the proposed project would deposit 
a maximum of approximately 0.04 kilograms per hectare per year (kg/ha/yr) of nitrogen 
at the Antioch Dunes NWR. Additional nitrogen deposition at this already stressed 
ecosystem would be a significant impact. 

It is staff's determination that annual payment toward the operating cost of Antioch 
Dunes NWR that is proportional to the MLGS project's contribution to cumulative total 
nitrogen deposition (as described in 810-8) would mitigate adverse impacts to Antioch 
Dunes NWR and the Antioch Dunes evening primrose, Contra Costa wallflower, and 
Lange's metal mark butterfly from noxious weed proliferation exacerbated by MLGS 
nitrogen deposition to less than significant. 

In summary, staff concludes that the proposed project would be consistent with the 
applicable laws, ordinances, regulations, and standards (LORS) pertaining protection of 
biological resources and with implementation of staff's proposed conditions of 
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environmentally safe, affordable, and reliable energy services and products to the marketplace. 

The PIER Program, managed by the California Energy Commission (Energy Commission), 
annually awards up to $62 million to conduct the most promising public interest energy research 
by partnering with Research, Development, and Demonstration (RD&D) organizations, 
including individuals, businesses, utilities, and public or private research institutions. 
PIER funding efforts are focused on the following RD&D program areas: 

• Buildings End-Use Energy Efficiency 
• Energy-Related Environmental Research 
• Energy Systems Integration 
• Environmentally Preferred Advanced Generation 
• Industrial/Agricultural/Water End-Use Energy Efficiency 
• Renewable Energy Technologies 

What follows is the final report for the contract Assessment of Nitrogen Deposition: Modeling 
and Habitat Assessment, contract number 500-99-013, Work Authorization 61, conducted by the 
Bren School of Environmental Science and Policy at the University of California Santa Barbara, 
and the Creekside Center for the Earth Observations. The report is entitled Impacts ofNitrogen 
Deposition on California Ecosystems and Biodiversity. This project contributes to the Energy-
Related Environmental Research program. 

For more information on the PIER Program, please visit the Energy Commission's website 
www.enemy.ca.govmier/ or contract the Energy Commission at (916) 654-5164. 
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Abstract 

Recognized as a "biodiversity hotspot," California supports numerous endemic taxa with 
narrow ranges, and that diversity may be threatened by atmospheric nitrogen deposition. This 
California-wide risk screening included: (1) a 36 x 36 kilometer (km) map of total Nitrogen (N)-
deposition for 2002, developed from the Community Multiscale Air Quality Model (CMAQ); 
(2) identification of sensitive habitats; (3) an overlay of the Forest Resource and Protection 
(FRAP) vegetation map; (4) an overlay of animal and plant species occurrence data from the 
California Natural Diversity Data Base (CNDDB); (5) an initial analysis of species life history 
and habitat; and (6) a discusston of relevance and guidance for assessments of power plant 
impacts. An area of 55,000 square kilometers (km2) of California is exposed to more than 5 
kilograms of N per hectare per year (kg-N ha-1 year -1), and 10,000 km2 are exposed to more than 
10 kg-N ha-l year -1 . Deposition hotspots include: Los Angeles-San Diego, the San Francisco Bay 
Area, the Central Valley, and the Sierra Nevada foothills. The major documented impact of N-
deposition on California terrestrial biodiversity is to increase invasive annual grasses in low 
biomass ecosystems, resulting ih species loss. Of 225 "threatened" and "endangered" plant taxa, 
99 are exposed to an average> 5 kg-N ha-1 year -1• Of 1022 "rare" plant taxa, 290 are exposed to 
> 5 kg-N ha-1 year -1 . Listed animal species follow similar patterns. This initial screening 
outlines potential impacts on California's biodiversity and provides targeted guidance for 
assessing the impacts of power plant and other sources of atmospheric N-deposition. 

Keywords: nitrogen deposition, biodiversity, California, annual grasses, invasive species, 
deserts, grasslands, threatened and endangered species, eutrophication 
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Executive Summary 

Introduction 

Atmospheric nitrogen deposition alters the structure and function of terrestrial 
ecosystems, because nitrogen is often a primary limiting nutrient on overall 
productivity. These alterations can drive losses of biodiversity, as nitrophilous species 
increase in abundance and outcompete species adapted to more oligotrophic conditions. 
California is recognized as a "biodiversity hotspot," with a high fraction of endemic taxa 
with narrow ranges, and many of those taxa may be at risk from atmospheric nitrogen 
deposition. 

Project Objectives 
The California Energy Commission's Public Interest Energy Research (PIER) program 
funded a project to investigate the potential scope of nitrogen deposition (N-deposition) 
risks to biodiversity in California. This statewide risk screening includes the following 
elements: (1) identification of sensitive habitat types, as documented by literature and 
local expertise; (2) a 36 x 36 kilometer (km) map of total N-deposition for 2002, 
developed from the Community Multiscalc Air Quality Model (CMAQ); (3) an overlay 
of a statewide Forest Resource and Protection (FRAP) vegetation map; (4) an overlay of 
animal and plant species occurrence data from the California Natural Diversity Data 
Base (CNDDB); (5) a comppation of life history and habitat requirements for each 
species; and (6) a discussion! of relevance and guidance for assessments of power plant 
impacts over which the Energy Commission has regulatory authority. 

Project Outcomes 
The major documented impact of N-deposition on California terrestrial biodiversity is to 
increase growth and dominance of invasive annual grasses in low biomass ecosystems 
such as coastal sage scrub, serpentine grassland, and desert scrub. Lichen communities 
may be altered. Vernal pools and sand dunes arc vulnerable to annual grass invasions 
that arc likely enhanced by N-dcposition. Oligotrophic mountain lakes arc also 
vulnerable. 

Conclusions 
The CMAQ model indicates that an area of 55,000 square kilometers (km2) (out of 
California's total area of 405,205 km2) are exposed to more than 5 kilograms of N per· 
hectare per year (kg-N ha-1 year -1),1 and 10,000 km2 are exposed to more than 10 kg-N 
ha-1 yearl. Deposition hotspots include the major urban areas (Los Angeles-San Diego, 
and the San Francisco Bay Area), agricultural areas of the Central Valley, and portions of 
the Sierra Nevada foothills. Exposure of 48 different FRAP vegetation types were 
calculated. For example, sOO km2 out of a total 6300 km2 of coastal sage scrub are 
exposed to more than 10 kg-N ha-l ycarl, primarily in Southern California. 

I 

1 Throughout the discussion of N-deposition exposure, a benchmark of 5 kg-N ha·1 yrl is used. 
This benchmark does not imply that 5 kg-N ha-1 yr1 is the critical load for negative impacts for all 
ecosystems-some may be mo~sensitive and some may be less sensitive. Data are presented so 
that any benchmruck <an be usedl 
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In contrast, many high elevation(> 1500-meter) montane vegetation types are minimally 
exposed, because they are far from pollution sources, except for localized occurrences in 
mountains surrounding the Los Angeles Basin. Of 225 federal and state listed 
''threatened" and "endangered" plant taxa, 101 are exposed to an average greater than 
5kg-N ha-1 year1 . Of an additional 1022 plant taxa listed as "rare," 288 are exposed to 
greater than 5 kg-N ha-1 year1 . Many of these highly exposed taxa are associated with 
sensitive habitat types and are vulnerable to annual grass invasions. The CNDDB was 
not of sufficient resolution or completeness to support finer-scale regional analyses. 
This initial, broad-scale screening indicates that N-deposition poses large potential 
impacts on California's unique biodiversity. 

Recommendations 
1. 	 Based on the review and broad-scale screening in this report, nitrogen deposition 

impacts on ecosystems and species are extensive in California, and should be 
considered in local environmental assessments. 

2. 	 The impacts of N-deposition on California ecosystems are generally cumulative. 
Establishing critica~ cumulative loads for particular ecosystems is a research 
priority. ! 

3. 	 Local environmental assessments should initially focus on low biomass, nutrient 
poor habitats and the rare species they support, but also consider more general 
impacts. The state-wide information in this report provides a start, but is not 
sufficient for local use. 

4. 	 Increased invasions by introduced annual grasses and other weeds are the major 
threat to consider in mitigation. Finding a balance between habitat acquisition, 
habitat management, and weed management that effectively mitigates the 
incremental impacts of new power plant sources is a key goal. 

5. 	 Establishing reliable bioindicators along N-deposition gradients, such as changes 
in lichen communities, plant nutrient balances, and degree of weed invasions, 
will provide better spatial resolution of ecosystem effects. 

6. 	 The complexity of N-deposition forces a transdisciplinary approach to any 
research program. 

Benefits to California 
Nitrogen deposition is a growing threat to the biodiversity of California. This report is 
the first statewide analysis of exposure of ecosystems and special-status species to 
N-deposition, and provides the basis for systematic assessment of threats to specific 
ecosystems, and development of mitigation and management techniques. Along with 
an accompanying report on modeling by Tonnesen and Wang, this report provides 
regulatory guidance for impact assessments of new power plants. The report will 
provide an impetus for additional research for better understanding this complex 
phenomenon. 
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1.0 Introduction 

Atmospheric nitrogen dep osition has been demonstrated to alter terrestrial and aquatic 
ecosystem function, structure, and composition in many parts of the world, including 
Europe, Eastern North America, and Western North America (Galloway. Aber et al. 
2003). Emissions, deposition, and N-cycling are highly complex processes and pose 
many scientific and policy challenges. The major purpose of this report is to examine 
the known and potential impacts of N-deposition on the varied ecosystems and species 
in California, using biogeographic data and modeled N-deposition. 

Nitrogenous air pollutants have many sources, including transportation, agriculture, 
industry, electricity generation, wildfire, and emissions from natural and semi-natural 
ecosystems. Electric power plants in California, primarily fired by natural gas, are major 
point sources of nitrogen oxides (NOx) from combustion, and ammonia (NHJ) from 
selective catalytic reduction (SCR) units used to control NOx emissions. The California 
Energy Commission (Energy Commission), in conjunction with other regulatory 
agencies, is responsible for assessment of environmental impacts from energy-related 
developments and activities, including siting of new power plants. 

Biology staff at the Energy Commission analyzed potential impacts from nitrogen 
deposition on several power plant licensing cases (Table 1, California Energy 
Commission 2003, 2001a, 2001b, 1997a, 1997b). These power plants were located in areas 
where nitrogen deposition impacts to nitrogen-poor, sensitive plant communities arc an 
issue. Such communities arc often rare and support many of California's rare and 
endangered plant and animal species. It is expected that future siting cases may need to 
review the impact of a power plant emissions on nitrogen-saturated or nitrogen-limited 
ecosystems. Nitrogen saturation has several detrimental effects, including decreased 
plant function as a result of leached nutrients (e.g., calcium) from the soil; loss of fine 
root biomass; decreases in symbiotic mycorrhizal fungi; promotion of exotic invasive 
species; and, leaching losses of base cations and nitra te into surface waters and ground 
waters, which increases soil and surface water acidification. 

Table 1. California power plant licensing cases 

Name I County 
Metcalf Energy Center Santa Clara 
Los Esteros Critical Energy Facility Santa Clara 
Gilroy Peaker Plant Santa Clara 
Pico (Donald Von Raesfeld) Santa Clara 
O tay Mesa San Diego 
Sutter Sutter 

The PIER program funded a project to address these issues. The scope of work specifies 
four broad tasks: (1) a critical review of various air quality models used to determine 
power plant emissions of nitrogen (nitrogen oxide (NO), nitrogen dioxide (Neh), and 
NHJ) concentration, release rate, dispersion, and deposition at ground level; (2) a 
chemical analysis of power plant plume characteristics including reaction rate from gas 
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to particulate; (3) an assessment of nitrogen-limited habitats that could be at higher risk 
from further nitrogen deposition, and (4) location of nitrogen-saturated 
soils/ecosystems in California. Generally, the Energy Commission is interested in 
assessing impacts to terrestrial ecosystems from nitrogen deposition during power plant 
commissioning and operation and understanding the validity, strengths and weaknesses 
of models used to determine this impact. Specifically, the interest is in the short-distance 
and long-distance nitrogen deposition impacts to nitrogen-limited habitats and species 
dependent upon those habitats. 

The project was awarded to the University of California, Santa Barbara (UCSB) (Dr. 
Frank Davis P.L) and the University of California, Riverside (UCR) (CE-CERT, Dr. Gail 
Tonnesen P.l). This report presents investigations by UCSB into the biotic impacts of 
N-deposition (topics 3 and 4). Modeling reviews and assessments (topics 1 and 2) are 
the subject of an accompanying report by the UCR group (Tonnesen and Wang 
forthcoming). 

Apart from this introduction, this biotic impacts report consists of four sections. Section 
2 contains a review of existing information and research on N-cycling and the effects of 
N-deposition on ecosystems in general and California ecosystems in particular. Section 
3 describes the spatial distribution of total N-deposition in California at 36 x 36 
kilometer (km) scale, using 

I
the Community Multiscale Air Quality model (CMAQ) , and 

the exposure of vegetation types from the Fire and Resource Assessment Program 
(FRAP) map. Section 4 describes the N-deposition exposure of plant and animal species 
from the California Natural Diversity Data Base (CNDDB), along with relevant habitat 
and life history information of those species with higher exposure. Section 5 provides a 
synthesis and recommendations for further research. 
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2.0 Review 

This review of existing information and research on the effects of nitrogen deposition on 
sensitive habitats in California draws heavilv from a number of edited volumes and 
review papers regarding multiple aspects of N-deposition (and air pollution in general) 
m ecosystems (Langran 1999; Bell and Treshow 2002; Bytnerowicz, Arbaugh, et al. 2003), 
and especially from recent review work of N-deposition and ecological effects in 
Western North America (Penn, Baron et al. 2003; Penn; Haeuber et al. 2003). Interested 
readers should consult those works for extensive bibliographies of primary research, as 
there are hundreds of scientific papers dealing with various aspects of N-deposition. 

This review will describe key processes in the nitrogen cycle, N-limitations in California 
terrestrial and aquatic ecosystems, effects of chronic deposition on N-cycling, and 
mechanisms by which N-dcposition can lead to impacts on sensitive species, including 
direct toxicity, changes in species composition, and enhancement of invasive species. 
Ecosystems and habitats that are known to be and suspected to be sensitive to N-
deposition are listed and specific mechanisms are briefly discussed as background for 
the biogeographic screening of habitats and species. 

2.1. The Nitrogen Cycle 

A basic understanding of the nitrogen cycle is essential background for assessing 
N-deposition impacts on ecosystems. The intricacies of the N-cycle involve diverse 
plants, animals, fungi, and bacteria interacting in complex aboveground and 
belowground environments (Schlesinger 1997), and a full discussion is well beyond the 
scope of this review. Figure 1 outlines key elements of the N-cycle that are relevant to 
this review. 

Nitrogen (Nz) is the most abundant gas in the atmosphere (78%), but the strong triple 
bond is difficult to break aryd the gas is relatively inert. Reactive N (Nr) that can be 
directly used by organisms includes oxidized and reduced inorganic Nand numerous 
forms of organic N. Inputs of Nr to ecosystems include biological N-fixation and 
atmospheric deposition. Atmospheric Nz is directly available only to plants with 
N-fixing symbiotic bacteria. N-fixing plants in California include the Fabaceae 
(legumes), several genera ih the Rosaceae, the genus Ceanothus (Rhamnaceae), and 
alders (Betulaceae). N-fixing cyanolichens are prominent in many ecosystems. Free-
living cyanobacteria such as Nostoc are present in most ecosystems, and can be abundant 
in cryptobiotic crusts in deserts. N-fixation can vary from < 1 kg-N ha-l yr1 in habitats 
that are poor in N-fixers to > 100 kg-N ha-1 yr1 in stands of alders, and other N-fixing 
trees and shrubs. 
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Figure 1. TheN-cycle simplified. Biological processes are labeled in bold italics, and 
the lighter arrows show deposition pathways. 

Natural background wet and dry atmospheric deposition originates from NOx fixed by 
lightning, marine aerosols, N volatilized by fire, and N r gases emitted fro m ecosystems. 
Large-scale combustion of fossil fuels, fertilizer applications, emissions from livestock, 
and other sources have greatly increased atmospheric deposition rates. Preindustrial 
atmospheric deposition in the western United States is estimated at 0.25 kg-N ha-1 yr-1; 

elsewhere, approximate preindustrial background is -1 kg-N ha-l yr-1 (Fenn, Haeuber et 
al. 2003; Galloway, Aber et al. 2003). Very localized deposition originating from seabird 
colonies or other animal aggregations may be much higher, but those are exceptional 
situations. Atmospheric deposition enters ecosystems directly as wet deposition in 
precipitation and cloudwater, and as dry deposition to surfaces and through plant 
stomata. The significance of deposition pathways will be discussed below when 
considering the impacts of elevated deposition. 

Most available N in terrestrial ecosystems is provided by decomposition of organic 
matter, known as N -mineralization. Most N is in the soil organic matter pool. Surface 
litter and larger woody debris decompose in a complex series of steps driven by a 
diverse array of detritovores (e.g., arthropods, nematodes, and other soil fauna), and 
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ultimately by bacteria and fungi that mineralize organic nitrogen to ammonium (NH4+l. 
While microbial biomass may be a small component of soil organic matter, microbial 
biomass is the key component through which a large portion of N is processed. The 
depolymerization of proteins into amino acids is a key step inN-availability, and amino 
acids may be taken up directly by microbes and plantS--Qrganic N in soils is difficult to 
study and relatively poorly understood U- Schimel, pers. comm.). Turnover of fine roots 
also contributes to organic matter. Decomposition and mineralization rates generally 
increase with temperature, and show a hump-shaped relationship with moisture-slow 
in dry soils, faster up to an optimal moisture level, and slower in waterlogged soils. 
Either temperature or moisture may be seasonally limiting. The rate of litter 
decomposition, even under ideal temperature and moisture conditions, is affected by the 
litter carbon-to-nitrogen (C:N) ratio-high C:N litter generally decomposes more slowly 
than low C:N litter, although excess N in litter can slow decomposition as well. The 
coniferous and sclerophyllous evergreen species characteristic of many California 
ecosystems tend to produce high C:N litter, deciduous trees generally produce lower 
C:N litter. Many annual grasses produce lower C:N litter. Litter quality provides a 
major biogeochemical feedback and control over N-cycling, and mediates ecosystem 
response to increased atmospheric deposition. 

The total amount of N~+ released in decomposition is termed gross mineralization. 
Much of the gross mineralization is quickly immobilized as it is incorporated into 
microbial biomass. The re111ainder of potentially plant available NH4+ is referred to as 
net mineralization. Additions of readily available carbon (sugars, for example) can 
greatly increase immobilization rates and reduce net mineralization. N~+ is readily 
adsorbed onto soil cation exchange sites, hence, it is relatively immobile and not prone 
to leaching. In high pH soils under dry conditions, N~+ can be volatilized into NH3 gas 
and lost to the atmosphere. 

N~+ is oxidized to nitrate (N03·) by microbes in the process of nitrification. In coarse-
textured soils in California, nitrification rates are relatively high and systems tend to be 
dominated by N03· as opposed to NH4+. Nitrification rates are generally reduced by 
low pH, low Oz, very dry soils or very wet soils, and high litter C:N ratios, but 
exceptions are known especially under high N-deposition (de Boer and Kowalchuk 
2001). N03· is highly soluble in water, and subject to leaching below the root zone. 
Nitrification also leads to emissions of NO gas, which can be a significant pathway for 
N-loss back to the atmosphere. Small amounts of NzO are also produced by 
nitrification. In most unfertilized ecosystems, N-leaching and NO emissions are 
minimal, indicating a relati'(ely closed N-cycle. Nitrification provides another critical 
biogeochemical feedback and control over N·cycling. 

Low instantaneous levels df soil N~+ or N03· do not necessarily indicate low N 
availability over the course qf the growing season. Fluxes into and out of these mineral 
pools integrated over time are a much better indicator of soil N availability. In fact, 
extended high levels of mineral nitrogen, and leaching of N03· in native ecosystems are 
symptoms of N-saturation. Similarly, low standing microbial biomass may mask rapid 
turnover. Measurement of mineralization, nitrification, and microbial dynamics in the 
field is a complex problem. 
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Plant roots take up both N03- and N~+ from soil solutions, some species prefer one to 
the other, but in general, even plants with a nitrogen form preference do better when 
both are available. Soils adjacent to roots are generally depleted of mineral Nand other 
critical nutrients, indicating high uptake efficiency. N03· is carried by mass flow of soil 
water to the near-root zone, which increases plant availability; conversely, plants may 
increase production of fine roots to seck out soil-bound N~+. Cation and anion 
exchange processes at the root surface during N-uptake affect local soil chemistry. 

Mycorrhizal fungi are symbiotic fungi that associate with plant roots and exchange 
mineral nutrients for plant-derived carbon. Although standing biomass of mycorrhizae 
may be low compared with plant biomass, the length of fungal filaments can be far 
greater than plant roots and contribute to N-uptake. Mycorrhizae are known to improve 
the nutrition of a majority of the macro- and micronutrients required for plant growth, 
including NH4, N03, and organic N. Mycorrhizae can be sensitive indicators of N status 
(Egerton-Warburton and Allen 2000), and mutual feedbacks between fungus and plants 
can mediate ecosystem responses to N-deposition. 

Increased N-availability in the soil (during the growing season) leads to either greater 
plant biomass production or higher tissue N-concentrations, depending on availability 
of water and other nutrients and the biochemical capabilities of the plants. Increased 
production and/or N-content leads to an acceleration of parts of theN-cycle (discussed 
below). 

Live plants can emit N~ gas back to the atmosphere, especially under high soil N 
availability in fertilized pastures. Emissions of N~ in fertilized systems lead to 
complications in modeling N~ deposition. Plant tissue N (as well as litter) can be 
volatized through fire as NOx, N~, and particulate-N. Herbivory may also have 
profound effects on rates of N-cycling. Animals feeding on plants can export N from the 
system, and redistribute it in relatively concentrated and labile forms. Herbivores are 
very sensitive to plant-Nand selective herbivory can change plant species composition. 

N03· is denitrified into N20 and N2 under anaerobic conditions (wet soils or oxygen 
poor microsites). Denitrification is an important pathway for N loss in wetlands, surface 
water, and in groundwater. Denitrification in coarse, well-drained soils is relatively 
slow, but anaerobic microsites in soil particles provide some opportunities for 
denitrification. N20 emissions are of concern as a greenhouse gas (GHG) and as a 
destroyer of stratospheric ozone. Denitrification and long-term geologic burial are the 
only pathways that remove Nr from the biosphere as a whole. Conditions that favor 
complete denitrification to N2, with minimal production of N20, are the ideal objective 
of management aimed at removing Nr from ecosystems. 

The N-cycle is under strong biotic control, and because of the multiple pathways, 
processes, and feedbacks 'that occur in site-specific combinations, it is difficult to 
generalize about it. Scientific understanding of the N-cycle at many scales is growing, 
but field measurement of many aspects of the N-cycle and the organisms that drive it 
continue to challenge ecosystem scientists. 
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2.2. N-limitations in California Terrestrial Ecosystems 

California is recognized worldwide as a biodiversity hotspot, reflecting geographic 
isolation, strong regional and local climatic gradients, and geologic complexity (Bakker 
1984). The mediterranean-type climate of cool wet winters and warm dry summers 
varies from the wet north to the dry south, from warm lowlands to frigid mountains, 
and from the maritime coastal zone to more continental inland regions-often over 
scales of a few kilometers. The complex and often violent geologic history of the state 
creates diverse edaphic conditions, ranging from shallow infertile serpentine soils and 
leached sands to deep fertile alluvial soils. California ecosystems span a broad range of 
physiognomic types, including the world's tallest high biomass evergreen forests, 
evergreen and deciduous forests, woodlands and shrublands, annual and perennial 
grasslands, deserts, and localized ecosystems specific to unique edaphic situations. 
Dramatically different vegetation types are often juxtaposed across abrupt topoclimatic 
and edaphic gradients, and fires create successional patchiness, creating rich local and 
regional vegetation mosaics. Aquatic ecosystems are diverse as well, ranging from 
oligotrophic mountain lakes, eutrophic lakes, seasonal lakes, freshwater and alkaline 
wetlands, mountain streams, large lowland rivers, and coastal marshes. 

According to the Jepson Manual (Hickman 1993), California supports more than 5800 
native plant species, of which 1169 are endemic to the California Floristic Province (the 
strongly mediterranean climate region of the West Coast). There are numerous localized 
endemic species, subspecies, and varieties that have minuscule ranges corresponding to 
special edaphic or climatic conditions. Geographic and botanical diversity also have 
produced a highly diverse fauna, again with many local endemic taxa. Many of these 
local endemics are listed as rare, threatened, and endangered by the U.S. Fish and 
Wildlife Service (USFWS) and California Department of Fish and Game (CDF&G) under 
their respective Endangered Species Acts. The California Native Plant Society (CNPS) 
maintains a list of rare, thr~tened, and endangered plants as well (CNPS 2003). 

Urban and agricultural development pressures directly threaten habitats-few native 
species survive paving over and plowing under. Biological invasions, both plant and 
animal, pose one of the greatest threats to California's biodiversity. California 
ecosystems have been, and continue to be, heavily invaded by non-native plants-more 
than 1000 alien species have naturalized, and many have extensively and irrevocably 
altered millions of acres of California. Native grasslands, in particular, have been 
heavily altered by annual grasses and forbs from Eurasia, but few ecosystems have 
completely avoided invasions. Changes in plant composition affect animal communities, 
especially host-specific herbivores. 

Water, temperature, and nutrients all can limit ecosystem productivity in California. 
The overall physiognomy and productivity of mature vegetation is largely determined 
by long-term site water balance and the effective length of the growing season. The 
length of the dry season is particularly important. However, given local water and 
temperature limitations, additions of nitrogen often produce immediate growth 
responses, indicating some degree of N-limitation. Phosphorous and other mineral 
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nutrients are generally not limiting in the relatively young soils that dominate 
California, except in special soil types such as serpentine. 

Under the mediterranean climate, seasonal patterns of N-availability, driven by 
decomposition, N-mineralization, and nitrification, are alternately limited by water and 
temperature. Most N-cycling occurs in shallow soil layers that contain the majority of 
organic matter. Soils are dry during the summer, wet with moderate temperatures 
following the first autumn/winter rainfall, wet but cool in the winter. and warm and 
wet only in the spring. Decomposition is slow for most of the year, and litter, especially 
coarse woody debris, tends to accumulate in the absence of fires. Fire is a key process in 
California ecosystems, and plays a critical role in driving N-deposition impacts (see 

1below, Section 2.6). 

Plant uptake and soil-N availability are often out of phase, and California ecosystems 
may be naturally "leaky," with some seasonal leaching of N03. N-mineralization and 
nitrification spike in autumn after the first soil wetting, but root uptake may lag behind 
until perennials develop new fine roots and annuals establish root systems. A pulse of 
N03- can be flushed below the root zone or run off into surface water if early rains are 
sufficient to cause deep infiltration and runoff. Low plant uptake during the cool winter 
months can lead to N03- lea<!hing if sufficient rainfall occurs. In cold areas, deposited N 
accumulates in snowpack, with a large flush during melt. Flushes of N03- following 
fires and other disturbances are important transient responses. 

Specific evidence for N-limitations in a range of California terrestrial ecosystems arc 
discussed in Section 2.4. 

2.3. N-limitations in California Aquatic Ecosystems 
Aquatic systems range from oligotrophic (i .e., nutrient-poor clear waters. such as Lake 
Tahoe) to mesotrophic to eutrophic (i.e., nutrient-rich waters with limited visibility. such 
as Clear Lake). Productivity in aquatic systems can be limited either by N or P. and 
phytoplankton communities arc indicative of limiting nutrients. If N is limiting and Pis 
relatively abundant, N-fixing phytoplankton (cyanobacteria) become more dominant. If 
P is limiting and N is abundant, then other phytoplankton taxa will dominate. If both N 
and Pare abundant, some other nutrient (silica, for example, in the case of diatoms) may 
limit productivity. Both N and P enrichment can lead to algal blooms that can decrease 
water quality, and in extreme cases, decomposition of high algal biomass can deplete 
oxygen. 

Many of the thousands of oligotrophic mountain lakes in the Western United States, 
including those in the Sierra Nevada, are naturally N-limited. N03- is the major N 
species in montane lakes, and most N arrives as surface and subsurface flow into lakes 
and N-inputs depend strongly on the surrounding vegetation and soils. Lake Tahoe, an 
ultimate example of a naturally oligotrophic system, has changed from N-limitation to P 
limitation in recent decades (Jassby, Reuter et al. 1994). 
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Flowing waters arc less susceptible to N-eutrophication, but can contain high levels of 
N03-. N03- is a criteria water quality pollutant. Intermittent streams often exhibit a 
flush of N03- in high pollution areas, and long-term accumulation of N in watersheds 
can lead to high NOJ- in baseflow originating from groundwater. Much N runoff in 
larger rfvers in agricultural regions is associated with agricultural fertilization and 
livestock emissions, but elevated atmospheric deposition can also play a role. 

Wetlands are susceptible to changes in structure and function under elevated N, and 
atmospheric deposition can encourage the spread of nitrophilous species (Morris 1991). 
Wetlands can act as filters,: both capturing N in high productivity vegetation and in 
sediments, and perhaps more important, by denitrification in saturated soils (Morris 
1991). The loss of riverine wetlands and floodplains greatly reduces basin-wide 
denitrification (Galloway, Abcr et al. 2003). 

Coastal bays and nearshore waters may also be N-limited-hypoxia and other water 
quality problems have been attributed to N-runoff on the East Coast and Gulf of Mexico. 
Extreme water quality problems in coastal California waters have generally been 
associated with large point sources, such as sewage outfalls and the mouths of urban 
creeks. However, recent work has indicated that seepage of polluted groundwater can 
contri bute substantial nutrients to coastal waters (Boehm, Shellenbarger et al. 2004). 

2.4. Effects of Chron ic Deposition on N-cycling 

The fate and im~act of deposited N in to ecosystems is driven by the response of plants 
and microbes to increased N-availability. and a series of biogeochemical feedbacks 
(Langran 1999). This section discusses general ecosystem responses to elevated 
N-deposition. Dry and wet deposition dynamics are complex and will only be briefly 
mentioned here, and models and algorithms are reviewed by Tonnesen et al. in aD 
accompanying report (Tonnesen and Wang, forthcoming). 

Dry deposition is modeled using atmospheric concentrations and deposition velocities. 
Deposition velocity is determined by aerodynamic, boundary-layer, and surface 
resistances (Metcalfe, Fowler et al. 1998). Aerodynamic resistance is driven by 
atmospheric turbulence, which is a function of surface roughness and wind velocity. 
There is greater turbulent transport over rougher surfaces, such as forests, than over 
smooth surfaces, such as grassland. Boundary layer resistance accounts for gaseous 
diffusion through the thin still layer of air surrounding all surfaces. Surface resistance 
accounts for the affinity of each partirular gas species to different surfaces and moisture 
regimes. Of the major atmospheric N, species, HN03, and NH3 have the highest 
deposition velocities, because they arc highly soluble in water, including thin films that 
remain on apparently dry s~rfaces. N02 is relatively insoluble in water and typically 
has deposition velocities an order of magnitude lower than HNOJ and Nlli, and NO 
hardly dry deposits at all. Extensive reviews of atmospheric chemistry and deposition 
processes/ modeling can be found in Metcalfe, Fowler et al. (1998) and Fowler (2002). 

I 

Atmospheric N-deposition enters ecosystems via deposition to plant and soil surfaces 
and via stomatal uptake into leaf interiors (Metcalfe, Fowler et al. 1998; Fowler 2002). 
Precipi tation contains N, in various oxidized and reduced forms. Throughfall (below 
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canopy wet deposition) includes dry deposition on the surface!> of plant canopies that is 
washed into soils by precipitation and by fog drip (Collet, Daube, et al. 1990; Penn, Poth, 
et al. 2000). Throughfall can also include inorganic and organic N leached from leaves. 
In California, dry deposition (especially of HN03) accumulates over the long summer 
droughts, and large pulses of accumulated N may be washed into soils with the first 
rains. Depending on the timing of winter rainfall, similar but smaller spikes of 
throughfall inputs may occur through the winter. Summer storms can also drive 
significant throughfall events. The combination of immediate deposition inputs with the 
initial pulse of mineralization and nitrification as soils are wetted produces a seasonal 
spike of high mineral N in the autumn. In coarse-textured California upland soils, NH4+ 
inputs-both as Nfu gas and NH4+ particulates-are usually rapidly nitrified. However, 
the effective differences between reduced and oxidized N species in California are not 
well known. As mentioned above, N03- leaching may occur following the substantial 
rainfall events-either summer thunderstorms or winter storms. 

Stomatal uptake delivers N directly to the leaf interiors, and stomatal dynamics are 
essential to deposition models (Fowler 2002). The major deposition pathway for N02 is 
through stomata, as N02 is relatively insoluble in water and does not readily deposit to 
soils and foliage. Nitrogen dioxide is reduced to NH4+ in the leaves via nitrite reductase, 
and NH4+ is incorporated into amino acids. Ammonia is also rapidly deposited through 
stomata, although a high fraction may deposit on wet surfaces and on residual water 
films. Ammonia input into stomata is directly incorporated as NH4+ into amino acids. 
HN03 is also absorbed through stomata, and can also be transported through cuticles 
into leaf interiors (Marshall and Cadle 1989). Stomatal uptake can provide a substantial 
fraction of the N requirement of plants, but some plants may have difficulties 
assimilating N02-the ability of plants to tolerate N~ depends on antioxidants, nitrite 
reductase regulation, and other biochemical processes within leaves. Stomatal uptake of 
NO may not provide a large source of mineral N, but can affect metabolic processes-
direct NO effects are an area of uncertainty (Mansfield 2002). NO levels generally 
decrease with distance from primary source, as it is rapidly oxidized to N02. 

Once atmospheric Nr is deposited into ecosystems, it has cascading effects as it is 
assimilated, transformed, and recycled by organisms. The literature of N-fertilization in 
natural and agricultural systems is large. An extensive review of nitrogen addition 
experiments in arid, semiarid, and subhumid ecosystems indicates that aboveground net 
primary production (ANPP) is co-limited by N and water (Hooper and Johnson 1999). 
Nitrogen and water availability are tightly linked through biogeochemical feedbacks, 
including changes in litter quality and decomposition rates, microbial community 
dynamics, allocation patterns within plants, species composition, and other processes. 
The immediate effects of N and water additions are often additive in arid and semi-arid 
ecosystems. 

Plant productivity typically exhibits a parabolic response to nutrient additions-at low 
levels, additions of nutrients increases growth, peaking at some intermediate level, and 
declining at higher levels. The typical immediate response toN-fertilization is a growth 
increase of existing plants, and such growth .responses are taken as evidence of N-
limitations. The direct uptake of atmospheric Nr also leads to growth increases in some 
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species. Not all species are capable of large growth increases because of co-limitations 
from other nutrients or plant life history, architecture, and biochemistry. Plant tissue-N 
also increases, especially when other nutrients become more limiting; many plants take 
up available N in excess of demand. Nutrient imbalances can lead to changes in plant 
allocation, decomposition, herbivory, and other ecosystem processes. 

Over longer time scales, increased productivity at the stand level is driven by changes in 
species composition, as nitrophilous species (adapted to high N conditions) outcompete 
other species by shading, root competition, selective herbivory, and other mechanisms. 
Species composition, through differences in foliage quality and phenology, affects 
N-cycling rates, which further affect species composition and feeds back into N-cycling. 
Changes in species composition have been extensively documented in Europe and 
elsewhere under long-term fertilization and N-deposition, and will be discussed below. 
Species composition changes also involve non-native invasive species, many of which 
respond strongly toN-fertilization. At ever higher levels of N-availability, productivity 
may decline as nutrient imbalances disrupt ecosystem processes 

N-deposition can also lead to soil acidification and loss of base cations (e.g., calcium, 
magnesium, and potassium). Nitric acid (HN03) is a strong acid and directly 
contributes H+ when it dissociates. Ammonia and Na+ contribute 4 H+ ions during 
nitrification, and acidification under high NHa deposition is well documented in Europe. 
Most California soils have high base cation saturation, and appear relatively resilient to 
acidification, but long-ter111 deposition can reduce base cation saturation and increase 
acidity. 

2.4.1. Nitrogen saturation 

N-deposition is a cumulative process, eventually leading to N-saturation. Increased N 
inputs accelerate N-cycling, as greater litter fall with lower C:N ratios and increase 
decomposition and mineralization rates, which then stimulate nitrification and 
production of N03-. Eventually, biotic demand for N (plant uptake and microbial 
immobilization) is exceeded by supply and N-saturation commences, representing a 
breakdown of biotic controls over N-cycling and exports. 

I 
Nitrogen saturation occurs in several stages in xeric western forests (Figure 2). Stage 0 is 
the original condition of low deposition, with low NO emissions and N03- leaching-a 
high fraction of net nitrification is taken up by plants and microbes, and effectively 
recycled within the system. In Stage 1, incremental N-deposition leads to higher 
N-availability via increaseQ nitrification and stomatal uptake by plants, leading to 
increases in net primary productivity (NPP). At saturation (Stage 2), NO emissions and 
N03- leaching increase as plant uptake and microbial immobilization fall behind 
nitrification. Decline (Stage 3) is usually the result of multiple stress interactions, 
including ozone stress, susceptibility to bark beetles, and reduced fine-root biomass 
(Penn, Baron, et al. 2003). Nutrient imbalances lead to str-ess and mortality, decreasing 
biotic N demand, but also increasing dead biomass inputs. N-saturated watersheds in 

I
Southern California have sotne of the highest levels of NO production and N03-leaching 
recorded worldwide from non-agricultural ecosystems. 
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Excess nitrate leaching into surface and groundwater is a major symptom of N-
saturation, and poses risks to water quality. A full discussion of water quality imp acts is 
beyond the scope of this report 

tb) 

j 


NPP 

Aclcllt><Y" SeturalQtl Declines.-;r.s
SI"O'o 1 ~ 3 
Source: (F enn, Poth et a!. 1998) 

Figure 2. Stages of N-saturation in western xeric forests 

The cumulative nature of N-deposition has lead to the concept of critical loads, defined as 
"a quantitative estimate of an exposure to N as NHx and NOy below which empirical 
detectable changes in ecosystem structure and func tion do not occur according to 
present knowledge." (Bull 1992; Bull and Sutton 1998) App licability of critical loads to 
California ecosystems will be discussed below, but the rigorous identification of critical 
loads for specific ecosystems is beyond the scope of this report. Critical loads to 
sensitive European grasslands range as low as 5 kg-N ha·1 yrl, and critical loads for 
oligotrophic lakes may be even lower (Penn, Baron et al. 2003). Throughout the 
comparative discussion of N-deposition exposure, a standard benchmark of 5 kg-N ha·1 

yrt is used. This benchmark does not imply that 5 kg-N ha-l yrl is the critical load for 
negative impacts for all ecosystems-some may be more sensitive and some may be less 
sensitive. As better information becomes available, this benchmark number may be 
modified for particular ecosystems; for this reason, data are graphically presented so 
that any benchmark can be used. 

It is important to realize that the widespread increased atmospheric deposition of 
oxidized and reduced nitrogen is an unprecedented development- background levels 
across much of the world are estimated at 0.25-1 kg-N ha-1 yr1 . The cumulative and 
insidious nature of N-deposition effects on ecosystems may be realized only after 
decades of elevated N inputs, and critical cumulative loads are poorly understood for 
most California ecosystems. 

14 



2.5. Mechanisms by Which N-deposition Can lead to Impacts on Sensitive 
Species 

2.5.1. Direct toxicity 
Potential cases of direct toxicity 6f N compounds have been reported specifically in 
California. High ambient ~evels of HN03 in the Los Angeles Basin can approach levels 
that directly damage conif~r foliage, and perhaps other species. High soil N may also be 
directly toxic-100% of Artemisia californica (sagebrush) seedlings died when grown in 
soils with NO,- concentrations similar to field concentrations of high-deposition areas 
near Riverside. However, these experiment are based on high exposure under artificial 
conditions. There is some evidence that NO may have direct inhibitory effects on plants 
at high concentrations (Mansfield 2002). Peroxyacetyl nitrate (PAN) may be toxic as 
well (Grosjeans and Bytnerowicz 1993). 

2.5.2. Changes in species composition among native plants 
In Europe, a large body of work has linked N-deposition to changes and losses of 
biodiversity in bogs, grasslands, heathlands, and forest understory (Bobbink, Hornung 
et al. 1998; Bobbink and Lamers 2002; Stevens, Dise et al. 2004). Increases in 
nitrophilous grasses, primarily perennials but also some annuals, are a common 
resp onse in species-rich grasslands on acid soils and calcareous soils, and in hea thlands. 
Acidification from large amounts of NHJ deposition also contributes to floral changes, 
but species losses in acid grasslands in the UK are proportional to N-deposition levels 
and only weakly associated ,with acidity. Heathlands convert to grasslands when Calluna 
vulgaris (heather) canopies open from herbivory, stress, and disturbance, and 
nitrophilous grasses quickly establish and dominate. Comprehensive reviews of 
N-deposition impacts on European ecosystems can be found in several edited 
compilations (Langran 1999; Bell and Treshow 2002). 

Changes in native species composition in California habitats directly attributable to 
N-deposition have not been explicitly identified, except in the case of invasive species as 
described below. Air poll~tion can affect species composition in native dominated 
habitats-ozone induced mortality in ponderosa and Jeffery pines has led to increases in 
ozone-resistant species such as incense cedar and white fir in Southern California 
forests, but the interactions with N-deposition remain an active research arena (Penn, 
Poth eta!. 2003). 

2.5.3. Enhancement of invasive species 
Invasive plant species have severely altered numerous California ecosystems. The major 
documented mechanism of N-deposition impacts on sensitive species is the 
enhancement of invasions by nonnative species, especially annual grasses. Historical 
annual grass invasions into richer soils, prior to widespread N-deposition, have 
restricted many native graJsland species to patches of thin soil, or onto naturally 
nutrient-poor soils such as serpentine. Many, if not most, non-native annual grass 
species respond strongly toN additions by increasing growth and seed production (e.g. 
Jones and Evans 1960; Jones 1963; Huenneke, Hamburg, et al. 1990; Yoshida and Allen 
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2004). Invasive grasses, both annual and perennial, have been documented to alter 
biodiversity and <..'Cosystem function across the world (D'Antonio and Vitousek 1992). 
They are highly effective in depleting shallow soil moisture, and provide continuous 
fine fuels that accelerate fire cycles. Dense buildup of thatch smothers short-statured 
native plants and suppresses seedling recruitment. Once annual grasses replace shrubs, 
N-cycling rates increase and continue to favor grasses over shrubs. 

Increased fire frequency, driven by annual grass invasions, is hypothesized to drive type 
conversions in many ecosystems along a biomass gradient. Low biomass shrublands are 
most sensitive, but chaparral and forests may be vulnerable over longer time-scales 
(Penn, Baron et a!. 2003). There is some current controversy over the exact role of N-
dcposition in type conversions of some California shrublands (Keeley, Keeley, and 
Frothingham 2005), and like any complex ecological problem there may be multiple 
forcing factors. But, the strong positive response of annual grasses to N-fertilization 
clearly implicates N-deposition in many of the cases discussed below. 

Invasions of many other nonnative weeds arc likely enhanced by N-deposition. These 
plants have high relative growth rates, are effective competitors for water, nutrients, and 
light, have few herbivores, and respond strongly to N-availability. 

2.6. Specific California Ecosystems Known to Be Sensitive 

The following accounts arc brief summations of documented effects of N-deposition on 
specific California ecosystems. For a fuller review and extensive literature citations, see 
(Penn, Baronet al. 2003). 

2.6.1 . Conifer forests 

Mixed conifer forests of many different sub-types occur across large swaths of 
California. N-deposition in conifer forests in Southern California leads to high 
nitrification rates. leaching of N03- into ground and surface waters, and emissions of 
NO. Impacts of ozone on mixed conifer forests have been extensively documented, and 
include reductions in photosynthesis and productivity. The combination of high ozone 
and high N-deposition reduces needle retention, disrupts root growth, increases foliage 
N, weakens trees, and can leave forests vulnerable to insects. Biomass and litter 
accumulation increases fuel loads and eventual fire intensity. 

2.6.2 . Evergreen chaparral 

Chaparral ecosystems in the San Gabriel Mountains and Southern Sierra Nevada have 
experienced N-saturation, as evidenced by high N03- leaching, accumulation of soil 
N03, and high emissions of NO. 

In comparison to coastal sage scrub or even Mohave shrublands, chaparral ecosystems 
are nitrogen-rich. Many of the dominant species are nitrogen fixers, so increases in N-
availability is not likely to change the ecosystem function or processes. 
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Changes in species composition in evergreen chaparral have not been documented . The 
closed canopy of chaparral can effectively keep out annual grasses in the absence of 
fires. Following fires, a fire~following herbaceous flora can dominate for several years, 
until resprouting shrubs and seedling recruitment close the canopy. Post-fire seeding 
with Lolium multijlorum (Italian ryegrass, an annual) and Lolium perenne (Perennial 
ryegrass) for erosion control can suppress the herbaceous phase. Lolium responds 
strongly to N-deposition (see Section 2.6.5). Increased fire frequency can reduce shrub 
diversity, and eventually eliminate shrubs. 

2.6.3. Coastal sage scrub 

Coastal sage scrub (CSS) is a primarily deciduous shrubland that occupies relatively dry 
sites along the coast and further inland. Typical species include Artemisia cal~fomica, 

Eriogonum sp., and Salvia sp. The relative dominance of species and degree of canopy 
closure changes along geographic gradients, and these changes are reflected in sub-types 
of sage scrub-Diegan, Riversidian, Venturan, Central (Lucian}, and Northern 
(Franciscan). Coastal sage scrub in southern California supports a wealth of sensitive 
species that are at risk from habitat destruction by urban development. 

Mature coastal sage has few nitrogen fixers in the mature vegetation stands, thus the 
ecological processes and functions tend to be more sensitive to changes in nitrogen 
cycling. Furthermore, in CSS during most years, evapotranspiration exceeds rainfall and 
no runoff occurs-so any nitrogen that deposits in the ecosystem stays in the ecosystem. 
Leaching losses may occur only under exceptionally high rainfall events, so soil nitrate 
tends to accumulate through time. 

In high N-deposition areas near Riverside (20-35 kg-N ha-1 yr1}, CSS provides a well-
studied case of large-scale annual grass invasion converting shrublands to grasslands. 
N-deposition has been implicated as a major (but not the only) driver of these invasions. 
(Penn, Baron et al. 2003). Major invasive grasses include Bromus madritensis rubens, 
Avena sp., and other Bromus sp. Dense annual grass can eliminate small native forbs, 
suppress shrub recruitment, and provide fine continuous fuels that lead to stand-
replacing fires. Two successive burns can effectively eliminate shrubs. Mycorrhizal 
fungal diversity drops with increasing N-deposition (Egerton-Warburton and Allen 
2000). Qualitative observations of annual grass invasions in CSS east of San Diego (B. 
Toone, San Diego Zoological Society, pers. comm. July 2004) indicate that N deposition 
may be having similar effects there. 

The change from shrublands to annual grassland increases the rate of N-cycling in the 
ecosystem. In annual grasslands, biomass turnover is faster and litter C:N ratio is lower. 
Shrubs accumulate woody biomass that decomposes slowly, and resorption of leaf N 
(and other nutrients) reduces litter quality. 

Management of annual grasses in CSS poses many difficulties. Restoration to shrublands 
may be difficult and expensive. Changes in the mycorrhizal community may favor 
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grasses over reestablishment of shrubs. Grazing by cattle, effective for controlling 
annual grasses in serpentine grassland and vernal pools (see below), may threaten the 
uninvaded lenses of clay soils that still support cryptobiotic crusts and native forbs. 
Occasional leaching/ flushing events may provide opportunities for shrub re-
establishment. 

2.6.4. Desert scrub 

California desert scrubs vary greatly across elevation climatic gradients, and are 
characterized by widely spaced shrubs and showy displays of annual wildflowers in wet 
years. In the Mojave Desert, N-deposition can lead to invasions by annual grasses, 
including Bromus madritensis rubens (red brome), and Schismus barbatus (Mediterranean 
annual split grass) (Brooks 2003). Wet years greatly intensify the grass invasions, and 
fine continuous fuel loads encourage extensive stand-replacing fires that were not 
possible prior to the grass invasions. In cooler deserts, Bromus tectorum (cheatgrass) has 
invaded large tracts with similar results, although invasions have occurred in the 
absence of significant N-additions (D'Antonio and Vitousek 1992). 

2.6.5. Bay Area serpentine grassland 
In the San Francisco Bay area, serpentine soils support native grasslands with high 
diversity of annual and perennial wildflowers, and perennial bunchgrasses (right side of 
fence in Figure 3). Under N-deposition, ungrazed serpentine grasslands (left side of 
fence in the Figure 3) are invaded by annual grasses primarily Latium multiflorum (Italian 
ryegrass), Hordeum murinum leporinum (wild barley), Bromus hordaceous (soft chess), 
Bromus madritensis (red brome), and Avena sp. (wild oats) (Weiss 1999). Lolium growth 
strongly responds to N-fertilization and additional water, and rapidly absorbs and 
assimilates atmospheric NH3 through stomata (Sommer and Jensen 1991). Nitrogen 
dioxide may also produce similar responses (Fowler 2002; Mansfield 2002). 
Concentrations of HN03 in ~outh San Jose approach those in polluted parts of the Los 
Angeles Basin (S.B. Weiss unpublished data). N-deposition effects have been observed 
along regional pollution gradients and local gradients adjacent to a heavily traveled 
freeway. 
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Figure 3. San Francisco Bay Area grasslands in serpentine soils . The area on the 
left is ungrazed and dominated by non-native grasses. The area on the right is 

grazed and dominated by native species 

Losses of plant diversity are accelerated by accumulation of grass thatch, which 
smothers small annual forbs. Moderate cattle grazing maintains high plant diversity in 
these grasslands, because cattle selectively graze N-rich Lolium, remove N and biomass 
from the system, prevent thatch buildup, and provide bare mineral soil for annual forb 
germination. Cattle also redistribute N and accelerate local N-cycling rates. 

Bay Area serpentine grasslands are a biodiversity hotspot, supporting numerous 
threatened and endangered species, including the Bay Checkerspot butterfly, Euphydryas 
editha bayensis (USFWS 1998). Population extinctions of the butterfly follow grass 
invasions, because the larval host plant, Plantago erecta (dwarf plantain, a short annual 
forb) is crowded out by grass invasions. 

The N-deposition threat to protected species in serpentine grasslands prompted 
precedent-setting mitigation for power plant emissions from the Metcalf Energy Center 
in San Jose (and other power plant projects, see Table'1), stimulated specific mitigation 
for highway projects and industrial developments, and drove the initiation of a Habitat 
Conservation Plan/Natural Communities Conservation Plan (HCP /NCCP) for Santa 
Clara County. 

2.6.6. Mountain lakes 
Primary productivity in Lake Tahoe has increased greatly over the last decades, and has 
changed from N-limitatiori to P-limitation Oassby, Reuter et al. 1994). Atmospheric 
deposition is a primary source of elevated N in Lake Tahoe, contributing more than half 
of the N-loading, but the overall N-budget of the Tahoe Basin is still uncertain. Similar 
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changes in phytoplankton communities-a shift from oligotrophic to more mesotrophic 
species-have been documented in the Southern Sierra Nevada (Fenn, Poth et al. 2003). 

2.6.7. Lichen communities 

Lichens are common and diverse in many ecosystems, and are sensitive indicators of 
various air pollutants. Ni trogen-sensitive lichen species have disappeared from high 
N-deposition areas-more than 50% of the native lichens in parts of the Los Angeles 
Basin have disappeared. Evidence of affected lichen communities extends across much 
of the state (Fenn, Baronet al. 2003). 

2.7. Other California Ecosystems that May Be Sensitive 

2.7.1. Vernal pools 

Vernal pools are seasonal wetlands that contain water in the winter rainy season and 
dry over the summer drought. An impervious subsoil layer (hardpan or claypan) 
prevents rapid drainage. Vernal pools are characterized by a pronounced mound to 
pool bottom gradient, where mounds support upland grassland, with progressively 
longer flooding periods as one descends to the pool bottom. Pool bottoms and 
intermediate zones are characterized by a unique flora and fauna adapted to seasonal 
flooding. Many rare, threatened, and endangered species-both plants and animals-
are found in vernal pools. 

Annual grass invasions in vernal pools have been documented in the Sacramento Valley 
(Barry 1998; Gerhardt and Collinge 2003). Recent work in the Consumnes Reserve 
(Marty 2005) has identified annual grasses as a major threat to ungrazed vernal pools 
(Figure 4). When annual grasses are allowed to grow ungrazed, they evaporate more 
water from the mound areas, reducing inundation periods in the pools and allowing 
grasses to further invade deeper portions of the pools. These grass invasions, which 
occur over 2-3 years, lead to a direct loss of biodiversity of native vernal pool plants 
through competition and thatch buildup, and the shorter inundation periods lead to 
losses of invertebrates such as endangered fairy shrimp, and tiger salamander and red-
legged frogs. Annual grass invasions, especially by Latium multiflorum, have been noted 
in vernal pool systems in Sonoma County, with substantial losses of native biodiversity 
including listed plant species (D. Glusenkamp, Audubon Canyon Ranch, pers. comm.). 

Given the well-documented responses of annual grasses to N-additions, and impacts in 
other California ecosystems, the intensity of annual grass invasions in vernal pools is 
likely increased by N-deposition and vernal pools can be considered a sensitive 
ecosystem. 
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Figure 4. Grassland invasion at a vernal pool 

2.7.2. Sand dunes 
Annual grass invasions in the Antioch Dunes threaten the endemic flora and fauna of 
this inland dune system (Steve Edwards, East Bay Regional Park District, pers. comm.). 
Coastal dune systems are in relatively clean coastal air, but inland sand dune systems 
may be at risk. Annual grass invasions have been noted in eolian sands in the Arena 
Plains San Joaquin Valley, where cattle grazing has been a key management practice 
(Silviera 2000). 

2.7.3. California "annual" grassland 
Although many California grasslands are dominated by invasive annual grasses and 
forbs, they can still support local concentrations of native wildflowers and bunchgrasses. 
Increased annual grass growth stimulated by N-deposition may further restrict native 
forbs to nutrient-poor thin soils around rock outcrops and on steep slopes. 

Coastal grasslands are susceptible to invasion by the native shrub Baccharis pilularis 
(coyote brush) in the absence of fire or grazing. Such invasions occur in clean coastal 
areas, so N-dcposition is likely not the primary driving factor, but the potential 
contribution of N-deposition to this process is not known. 

2.7.4. Oak woodlands 
Oak woodlands and savannahs have understory grasslands-formerly dominated by 
native perennial grasses and annual and perennial forbs, but now dominated by 
introduced annual grasses-that may be affected by increased annual grass growth as 
described above. Annual grasses are effective competitors for soil moisture in spring, 
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and have been implicated in suppressing oak seedling recruitment. Grazing removal 
from oak woodlands in the East Bay regional Park District has led to intensified 
invasions of annual grasses (S. Edwards. EBRP, pers. comm.), but grazing can also 
directly affect oak recruitment and remains a contentious issue in resource 
management. 

2.7.5. Alpine communities 
In alpine areas in Colorado, N-dcposition has been linked to changes in species 
composition, with an increase in nitrophilous species and changes in N-cycling. 
N-inputs may be particularly high and effects substantial in wet meadows where 
windblown snow accumulates and water limitations are few. Water limitations in rocky 
fell field communities may restrict growth responses to increased N-deposition. No 
comparable changes have been explicitly documented in California. 

2.7.6. Serpentine soils (other than Bay Area grasslands) 
Serpentine soils provide numerous limitations to plant growth, including low calcium, 
phosphorus, molybdenum, and nitrogen, and high magnesium, nickel, chromium, and 
other heavy metals. Soils tend to be thin and rocky. The unique and harsh growing 
conditions on serpentine soils, combined with their island-like distribution have led to 
the evolution of many serpentine endemic plants. Serpentine soils also provide a refuge 
for many species crowded off richer soils by invasive species. Serpentine communities 
range from stunted conifer forests, chaparral, grasslands, and near total barrens. 
N-deposition may promote annual grass invasions in serpentine soils. Reports of non-
native grasses invading serpentine habitats have been accumulating (Harrison, Inouye et 
a!. 2003). In some cases it appears that some grass species are becoming better adapted 
to serpentine, but links to N-deposition have not been made explicit. Other serpentine 
sites where grass invasions have been noted include the Red Hills in Tuolumne County 
G.B. Norton, UC Cooperative Extension, pers. comm.). 

2.7.7. Alkali sinks 
Low-lying areas in deserts and semi deserts accumulate salts and provide habitat for a 
variety of halophytes. Drier upland soils may be dominated by annual grassland. Dense 
grass growth and thatch are present in places such as the Springtown Sink ncar 
Livermore, covering all but the most saline soils (Figure 5). The potential for N-
deposition effect!> in these habitats has not been explicitly addressed, but alterations 
similar to those in vernal pools may be expected. 
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Figure 5. Dense grass growth and thatch in alkali sink near Livermore, California 

2.7.8. Salt marshes 
Salt marsh productivity is limited by N (Morris 1991). Salt marshes export organic N to 
adjacent coastal waters, but are also major sites for denitrification. Many salt marshes 
are locally subjected to elevated N in sewage effluent. The direct impacts of atmospheric 
N-deposition on California salt marshes have not been assessed. The potential for 
atmospheric N-deposition to enhance invasion rates by non-native Spartina (salt grass) 
around San Francisco Bay is unknown. 

2.7.9. Freshwater marshes 
Nitrogen can be limiting to productivity in freshwater marshes (Morris 1991), but the 
role of atmospheric N-deposition in California freshwater marshes is not known at 
present. 

2.7.10. Other edaphic oddities 
California has pockets of unusual soils that support unique ecosystems because of harsh 
growing conditions. lone clay is a unique ancient lateritic soil in the foothills of the 
central Sierra Nevada, supporting several local endemic taxa. lone clays are heavily 
leached and very acidic. Impacts of N-deposition are unknown, but annual grasses are 
present among the endemic shrubs (see Figure 6). Limestone outcrops in the San 
Bernardino Mountains support a cluster of rare species, as do shallow infertile "pebble-
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plains" at higher elevations. Gabbro soils in the Sierra foothills also support a cluster of 
rare species, but no documentation of annual grass invasion or N-deposition impacts 
has been reported. 

Figure 6. Grasses among endemic shrubs (Arctostaphylos myrtifo/ia)
in the lone formation 

2.7.11. Surface waters 

The leaching of nitrate from N-saturated ecosystems contributes to water quality 
problems downstream. Whi le nitrate pollution of groundwater and re lease to surface 
waters is widely recognized in agricultural areas, there may be atmospheric deposition 
inputs in ot her areas, especially in mountain watersheds in the Los Angeles Basin and 
other hi gh pollution zones. The effects of large nitrate pulses into coastal waters may 
contribute to near-shore pollution episodes. 
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3.0 Distribution of N-deposition in California and Ecosystem Exposure 

3.1. Distribution of N-deposition at 36 km 
The 36 x 36 km CMAQ map of total annual N-deposition identifies levels of exposure 
across California (Figure 7). Hill-shaded topography and county boundaries are shown 
to facilitate geographic location. The map is repeated without the topography in 
following sections. It is extremely important to note that the 36 km scale precludes 
highly site-specific assessment, and provides a screening tool appropriate to regional-
scale analyses. Sharp coastal gradients, in particular, are only approximated at best, and 
local hotspots within grid squares cannot be resolved. Individual circumstances where 
greater resolution is needed for assessment accuracy will be identified, but fine-scale 
analysis will require the completed 4 x 4 km map currently being produced by the UCR 
group (forthcoming). 

Figure 8 presents the overall distribution of N-deposition across California as a 
cumulative distribution function (CDF). In this presentation format, the proportion of 
total area below (or above) any selected N-deposition level can be read directly from the 
graph, and converted to absolute area (in hectares) by multiplying by the total area. For 
example, approximately 75% of the state (-30,000,000 ha) receives < 5 kg-N ha·l yrl, or 
conversely, 25% (or -10,000,000 ha) receives more. Similarly, approximately 4% (or 
-1,600,000 ha) receives> 10 kg-N ha-1 yr·1 . This graph format will be consistently used 
for assessing exposure of specific vegetation types from the FRAP map, because it allows 
the d~termination for any chosen threshold. 

Throughout the discussion of N-deposition exposure, a benchmark of 5 kg-N ha-l yrl 
will be used for comparative purposes. If an ecosystem is exposed to substantial areas 
>10 kg-N ha-l yrl, that is also noted. Once again, this benchmark does not imply that 5 
kg-N ha-l yrl is the critical load for negative impacts for all ecosystems-the CDF graphs 
arc designed to allow for consideration of all potential thresholds for impacts as they are 
identified. 

The obvious hotspot for N-deposition is the South Coast Air Basin (SoCAB), wi th a 
maximum deposition of 21 kg-N ha-l yrl in the Central Los Angeles Basin, and 
surrounding cells of 13-16 kg-N ha-l yrl, dropping off to 8-10 kg-N ha-l yrl further east 
and north. Deposition in the Mojave Desert ranges from 6-9 kg-N ha-l yrl in the west, 
and decreases to~ kg-N ha-l yrl in the east. 

[n the San Diego Air Basin (SDAB), maximum values are 8-9 kg-N ha-1 yrl, just east of 
San Diego. The coastal areas receive 1-2 kg-N ha-1 yrl. The lightly developed Camp 
Pendleton gap in Northern San Diego County (5 kg-N ha-1 yr1) is barely resolved at this 
scale. Deserts in eastern San Diego County receive 6 kg-N ha-l yrl. 

[n the San Francisco Bay Area, the maximum deposition is 8-9 kg-N ha-l yrl. The 
coastal grid squares such as the San Mateo County Coast have low deposition (1 kg-N 
ha-l yrl), and inland areas in the East and South Bay receive 6 kg-N ha-l yrl. 

The deposition hotspot in the San Joaquin Valley is near Modesto (13-14 kg-N ha-1 yr1). 

The east side of the San Joaquin Valley and lower Sierra foothills receive from 5-9 kg-N 
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ha-l yr-1. The west side of the Valley and adjacent slopes of the Inner Coast Ranges 
receive 3-4 kg-N ha-l yr'. 

CMAQ N-deposition 2002 

kg-N ha-1 year-1 

c ~ 1 -2 

c 2.1-4 

D 4.1-6 

D 6.1-8 

~ 8.1-10 

10.1 -12:;;;;;;:::::: 
12.1 -14 

.,..,....=· 14.1 -16 

16.1 -18 

18.1 -20 

20.1 -22 

·.... 
~. 

0 50 100 200 300 400 
•--=•--=::lil-lllliiili:::::::::=:=::::::Ji--IIIIIIIIKilometers 

Figure 7. CMAQ 36 km N-deposition 

26 



t: 
0 
t 
0 a. 
0.... 

Q. 

Total Area California 

40,520,531 ha 


1.0 

0.8 

0.6 

0.4 

0.2 

0.0 
0 2 4 6 8 10 12 14 16 18 20 22 

-1 -1kg-N h a yr 

Figure 8. Statewide N-deposition proportion (CDF format) 

Maximum values in the Sacramento Valley arc 6-8 kg-N ha-1 yr1 at the southern end and 
ncar Sacramento itself. The Northern Sacramento Valley receives 5-6 kg-N ha-1 yrl 
along the eastern side, and 3 kg-N ha-l yr-1 on the western side. 

Coastal areas are generally quite clean. The North Coast has a small area of 4 kg-N ha-1 

yrl near Eureka. The Central Coast has two hotspots of 5 kg-N ha-l yrl near Santa 
Maria and Monterey, and Ventura County receives 6 kg-N ha-1 yr1• 

The Sierra Nevada exhibits a strong gradit."'lt away from the Central Valley, with 
deposition ranging from 4-5 kg-N ha-l yr-1 a t the lower elevations to 1-2 kg-N ha-l yr-1 at 
the crest. The Eastside has low deposition, similar to the crest. The highest deposition 
in the Sierra Nevada is in the southern Sierra. 

3.2. Ecosystem (Vegetation Type) Exposure 
The overlay of the 36 x 36 km CMAQ model with the FRAP map (Figure 9) allows the 
broad-scale exposure of each vegetation type to N-deposition to be assessed. The 
complex map docs not lend itself to detailed examination at such a small map scale, but 
is presented to illustrate the complexity of vegetation types in the state. Figure 10 
presents the exposure levels to 48 FRAP vegetation types as cumulative distribution 
functions, as in Figure 8. The CDF graphs are grouped (approximately) by vegetation 
structure. Appendix A presents maps of the 48 FRAP vegetation types overlaid with the 
CMAQ 36 km deposition, in the same order as in Figure 10. 
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3.2.1. Coastal sage scrub 
Approximately 50% of CSS (350,000 ha) is exposed to > 5 kg-N ha-l yrl. CSS is highly 
exposed to N-deposition in Southern California-the majority of the -140,000 ha 
exposed to > 8 kg-N ha-1 yr·1are near Riverside and San Diego. CSS on the central and 
north coasts is generally exposed to relatively low levels, but there are some hotspots 
around Santa Maria, Monterey, and the San Francisco Bay Area. 

3.2.2. Annual grassland 
Annual grassland covers more than 4,300,000 ha of lowland California. About 30% of 
the annual grassland receives > 5 kg-N ha-1yr1. The majority of this grassland is on the 
cast side of the Central Valley. These grasslands also support many vernal pools. 

3.2.3. Wet meadows 
Wet meadows are scattered across the state, and < 5% (-5000 ha) are exposed to 
> 5 kg-N ha-1 yr1. These limited hotspots are in the Central Valley and Peninsular 
Ranges. Meadows in the High Sierra receive low N-deposition. 

3.2.4. Perennial grasslands 
Perennial grasslands are mapped mostly in San Diego County (especially the Camp 
Pendleton area), which may reflect a bias in the FRAP map. 90% (-23,000 ha) of mapped 
perennial grasslands are exposed to> 5 kg-N ha-1yrl. 

3.2.5. Agriculture 
Agriculture covers> 4,500,000 ha of land, and is a major source of reactive N, especially 
NH.J, in the atmosphere. 50% of agricultural land receives > 5 kg-N ha-l yrl, and 5% 
(225,000 ha) receives a "fertilizer subsidy" of> 10 kg-N ha-1yr 1. 

3.2.6. Urban 
I 

Urban areas are the other major source of reactive N, producing NOx from combustion 
and vehicles, and NI-h from catalytic converters on vehicles. Deposition is naturally 
quite high within and near to urban sources, and 25% of the urban surface area receives 
> 10 kg-N ha-l yr1. 

3.2.7. Sal ine emergent wetland (salt and brackish marsh) 
The largest remaining areas of salt marsh in California surround the San Francisco 
Estuary. 30% (-8500 ha) receive> 5 kg-N ha-l yr·l. 

3.2.8. Freshwater emergent wetlands 
Freshwater emergent wetlands include tule marshes, cattail marshes (both natural and 
managed) and arc most abundant in the Central Valley. 50% (-40,000 ha) are exposed to 
> 5 kg-N ha-l yr-1, and 5% (-4000 ha) are exposed to > 10 kg-N ha-l yr-1, primarily in the 
northern San Joaquin Valley (Modesto area). 

3.2.9. Valley oak woodland 
Valley oak woodland has been reduced to scattered remnants across the state, primarily 
on deep valley floor soils. 20% (11,000 ha) are exposed to > 5 kg-N ha-1 yr·1. The 
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grassland understory is likely the most sensitive component in all oak woodlands in the 
short-term. 

3.2.10. Blue oak woodland 
Extensive stands of Blue Oak Woodlands surround the Central Valley at elevations just 
above the mmual grassland and extend into the Inner Coast Ranges. 20% (-225,000 ha) 
are exposed to> 5 kg-N ha·1yr1 , primarily in the Sierra Nevada foo thills. 

3.2.11. Coastal oak woodland 
Coastal Oak Woodlands are dominated by evergreen oak species. 30% (-130,000 ha) are 
exposed to > 5 kg-N ha·1 yr1, much of which in the San Francisco Bay Area. 
4% (-17,500 ha) are exposed to > 10 kg-N ha-1yr1 , all in the Los Angeles Basin. 

3.2.12. Blue oak-foothill pine woodland 

Blue Oak-Foothill Pine Woodland occupies elevations just above the Blue Oak 
Woodland. 15% (-59,000 ha) are exposed to > 5 kg-N ha·l yrt, primarily in the Mt. 
Hamilton Range (southeast of San Jose) and in the Tehachipis. 

3.2.13. Montane hardwood-conifer 
Montane hardwood-conifer is a closed canopy forest type. 10% (-65,000 ha) is exposed 
to > 5 kg-N ha·1 yr1 , primarily east of San Diego and the eastern San Bernardino 
Mountains. 4% is exposed to> 10 kg-N ha-1yrl, adjacent to the Los Angeles Basin. 

3.2.14. Montane hardwood 
10% ( -180,000 ha) of montane hardwood forest is exposed to > 5 kg-N ha-1 yrl, 
including parts of the San Francisco Bay Area, San Diego, and the eastern San 
Bernardino Mountains. Only 1% is exposed to > 10 kg-N ha-l yrl, adjacent to the Los 
Angeles Basin. 

3.2.15. Valley foothill riparian 
Valley-Foothill Riparian forests have been reduced to scattered remnants across the 
Central Valley and other inland valleys. 59% (-30,000 ha) is exposed to> 5 kg-N ha-l yr-t, 
and 10% is exposed to> 10 kg-N ha-1 yr1 , primarily in the northern San Joaquin Valley 
near Modesto, with small remnants in the Los Angeles Basin. 

3.2.16. Montane riparian 
Montane riparian forests occur as narrow strips in canyon bottoms in most mountain 
ranges in California. 10% (-8500 ha) is exposed to > 5 kg-N ha-l yrt, primarily in the 
Transverse ranges near Ventura. 

3.2.17. Mixed chaparral 
Mixed chaparral occurs in numerous mountain ranges across California, and consists of 
diverse shrub species in various combinations that depend on local factors. 40% 
(760,000 ha) is exposed to> 5 kg-N ha-l yr-1, and 10% (190,000 ha) is exposed to> 10 kg-
N ha-1 yrl, with the highest exposure in extensive stands in the mountains around the 
Los Angeles basin. 
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3.2.18. Chamise redshank chaparral 
Chamisc redshank chaparral is dominated by Adenostoma sp. and is particularly 
abundant near the San Diego-Riverside County border. 50% (228,000 ha) is exposed to 
> 5 kg-N ha-l yrl, and only 2%-3% is exposed to> 10 kg-N ha-l yrl. 

3.2.19. Unknown shrub type 
Various stands of difficult-to-characterize shrub stands in the Coast Ranges and Sierra 
Nevada foothills fall in this category. Twenty percent (41,000 ha) is exposed to 
> 5 kg-N ha-1 yrl, and very little(< 1 %) is exposed to> 10 kg-N ha-l yrl . 

3.2.20. Bitterbrush 
Stands of bitterbrush are distributed on the Modoc Plateau and around the Owens 
Valley, and are in relatively clean air areas. < 1% (1000 ha) are exposed to 
> 5 kg-N ha- l yrl. 

3.2.21 . Alpine-dwarf shrub 
Alpine-dwarf shrub is distributed along the crest of the High Sierra and is minimally 
exposed toN-deposition. 

3.2.22. Sagebrush 
Sagebrush is mainly distributed east of the Sierra Nevada and Cascade ranges, with 
outlying patches in Mojave Desert mountains, Tehachipis, and Transverse Ranges. Less 
than 2% is exposed to> 5 kg-N ha-l yrl. 

3.2.23. Montane chaparral 
Montane chaparral is distributed at high elevations in the Sierra Nevada, Cascades, and 
Klamath Mountains. Small patches are found in the high mountains outside Los 
Angeles. About 5% (30,000 ha) arc exposed to> 5 kg-N ha-1 yrl, primarily around the 
Los Angeles Basin. 

3.2.24. Low sage 
Low sage is distributed on the Modoc Plateau, and around the Owens Valley. None is 
exposed to> 5 kg-N ha-l yrl. 

3.2.25. Ponderosa pine 
Ponderosa Pine forests are distributed in the Sierra Nevada, Cascades, and Klamath 
Mountains. About 5% (15,000 ha) are exposed to > 5 kg-N ha-1 yr1 , primarily in the 
southern Sierra Nevada. 

3.2.26. Jeffrey pine 
Jeffrey Pine forests are distributed in the central, southern and Eastern Sierra Nevada, 
with outlying stands in the Transverse ranges and Peninsular Ranges. 7% (20,000 ha) 
are exposed to > 5 kg-N ha-' yrl, and 6,000 ha are exposed to> 10 kg-N ha-1 yr1 in the 
Los Angeles Basin. 

3.2.27. Sierran mixed conifer 
Sierran mixed conifer forests are distributed along the whole length of the Sierra Nevada 
and Cascades, with outliers in the Transverse and Peninsular Ranges. 4% (80,000 ha) arc 

31 



exposed to > 5 kg-N ha-l yr-1, and 17,000 ha are exposed to > 10 kg-N ha-l yr-1 around the 
Los Angeles Basin. 

3.2.28. White fir 

White Fir forests are distributed in the Northern Sierra Nevada, Cascades, and Klamath 
Mountains. Less than 1% arc exposed to> 5 kg-N ha-l yr-t. 

3.2.29. lodgepole pine 

Lodgepole Pine forests are distributed in the Sierra Nevada and Cascade Ranges. 0.5% 
(1,000 ha) are exposed to> 5 kg-N ha-l yrl. 

3.2.30. Red fir 

Red-fir forests are distribu.ted in the Sierra Nevada and ·Cascades. 0.5% (2,500 ha) are 
exposed to > 5 kg-N ha-l yr-t. 

3.2.31. Subalpine conifer 

Subalpine conifer forests arc distribu ted across the High Sierra, Cascades, and Klamath 
Mountains, with outliers a t the highest elevations of the San Gabriel, San Bernardino, 
and San Jacinto Mountains. 2% (5,000 ha) are exposed to > 5 kg-N ha-1 yrl around the 
Los Angeles Basin. 

3.2.32. Eastside pine 

Eastside pine forests are distributed primarily east of the Cascades, with outliers on the 
east flanks of the San Gabriel and San Bernardino Mountains. 3% (15,000 ha) are 
exposed to> 5 kg-N ha-1 yr1around the Los Angeles Basin. 

3.2.33. Redwood 

Redwood forests are distributed along the coast from Big Sur north. About 10% 
(50,000 ha) are exposed to> 5 kg-N ha-1 yr1 , in the San Francisco Bay Area. This may be 
an overestimate, because the 36 km CMAQ map docs not capture steep coastal 
deposition gradients in Santa Cruz and Sonoma Counties. 

3.2.34. Klamath mixed conifer 

Klamath mixed conifer forests are distributed in far northern California, distant from 
major pollution sources. None are exposed to > 5 kg-N ha-1 yr-1 , wi th the highest 
exposure (4-5 kg-N ha-l yr-t) northeast of the Sacramento Valley. 

3.2.35. Unknown conifer type 

Coniferous fores ts of unclassified composition(s) are distributed in the Santa Cruz 
Mountains and Diablo Range, along with small patches along the west slope of the 
Sierra Nevada and the Tehachipis. 60% (26,000 ha) are exposed to > 5 kg-N ha-1 yrl, 
primarily in the southern San Francisco Bay Area. 

3.2.36. Juniper 

Juniper forests are distributed on the eastern slopes of most major mountain range, 
including the Peninsular and Transverse Ranges. 15% (60,000 ha) are exposed to > 5 kg-
N ha-t yrt in Southern California. 
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3.2.37. Aspen 

Aspen forests are distributed in the Central Sierra Nevada, and none are exposed to > 3 
kg-N ha-l yrl. Aspens themselves are present in many mid-high elevation coniferous 
forest types, including those of the Los Angeles Basin. 

3.2.38. Closed-cone pine-cypress 

Closed-cone pine-cypress forests are distributed in scattered pockets from the Mexican 
border to the North Coast Ranges. These forests contain some narrowly distributed 
conifers such as the Tecate Cypress in San Diego County. 10% (6,200 ha) are exposed to 
> 5 kg-N ha-l yr-1. 

3.2.39. Pinyon juniper forests 

Pinyon-juniper forests are distributed on the east flanks of most mountain ranges. 13% 
(60,000 ha) are exposed to > 5 kg-N ha-1 yr1, primarily on the east flanks of the 
Peninsular ranges. 

3.2.40. Eucalyptus 

Non-native eucalyptus forests were planted in many parts of California, relatively close 
to urban areas. 50% (2800 ha) are exposed to > 5 kg-N ha-1yr1. Eucalyptus can invade 
adjacent native habitats, and groves on the immediate coast often support overwintering 
monarch butterflies 

3.2.41. Desert riparian 

Small patches of desert riparian habitats are distributed across the Mojave and Colorado 
Deserts. 15% (2800 ha) arc exposed to > 5 kg-N ha-1 yrJ in the western Mojave Desert. 
Desert riparian zones are susceptible to invasions by non-native tamarisk. 

3.2.42. Palm oasis 

Small areas of Washingtonia palms (total 1250 ha) exist around springs in the SW 
California deserts. 2.5% (35 ha) are exposed to> 5 kg-N ha-l yrl. 

3.2.43. Desert scrub 

Desert scrub is distributed across southeastern California. 27% (2,000,000 ha) arc 
exposed to> 5 kg-N ha-l yr1 , primarily from the western Mojave Desert south to Eastern 
San Diego County. 

3.2.44. Alkali desert scrub 

Alkali desert scrub occupies saline valley bottoms across the Mojave Desert, with 
outliers in the Southern Inner Coast Range. 15% (270,000 ha) are exposed to> 5 kg-N ha-
l yr-1, primarily in the western Mojave Desert. 

3.2.45. Barren 

Barren land is distributed as high alpine (Sierra Crest and other high mountains) and 
low desert (Death Valley). 3% (50,000 ha) are exposed to> 5 kg-N ha-l yr-1, primarily in 
the Mojave Desert. 
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3.2.46. Joshua tree 
Joshua tree woodlands are concentrated in the little San Bernardino Mountains. 50% 
(16,000 ha) are exposed to > 5 kg-N ha-1 yrl. Joshua trees themselves are much more 
widely distributed at middle elevations in the Mojave Desert than they are in the map of 
this vegetation type in Appendix A. 

3.2.47. Desert succulent scrub 

Desert succulent scrub, with a high proportion of cacti and other fleshy plants, is 
distributed in low-elevation deserts in San Diego and Imperial Counties. 17% (45,000 
ha) are exposed to> 5 kg-N ha-l yrt. 

3.2.48. Desert wash 

Desert washes are distributed in far southeastern California (Colorado Desert). 2.5% 
(26,000 ha) are exposed to > 5 kg-N ha-l yrl. 
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Figure 10. Cumulative distribution functions of N-deposition exposure of FRAP 
vegetation types . The FRAP code numbers for each vegetation type are in parentheses, 
followed by total area in hectares so that proportions (Y axis) may be converted to area 
affected. Maps of each vegetation type are presented in Appendix A, in the same order. 
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Figure 10. (continued) 
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Figure 10. (continued) 
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Figure 10. (continued) 
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Figure 10. (continued) 
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4.0 Exposure and Risks to Endangered, Threatened , and Rare Species 

4.1. Methods 
This section presents the results of an overlay of the CNDDB and the CMAQ 36 x 36 km 
map tor total N-deposition in 2002. This analysis considers 1242 plant taxa in the 
CNDDB, including 225 taxa (species, subspecies, and varieties) that are federal- or state-
listed as "threatened or endangered." The remaining 1017 taxa are regarded as rare, and 
include CNPS listed species (CNPS 2003). Mean exposure was calculated using all 
CNDDB occurrences, so that if a taxon has multiple occurrences in a single CMAQ grid 
square, all of those occurrences are used to derive the mean exposure. Maximum and 
minimum exposure across the full range of each taxa were also reported. 

The same analysis is also done for the 447 animal taxa in the CNDDB, including 108 taxa 
(species, subspecies, and varieties) that are federal- or state-listed as "threatened or 
endangered," and an additional 339 taxa considered rare. 

The full results are presented in Appendix B, which is in a spreadsheet forma t that can 
be filtered and searched for specific taxa. 

Data arc presented as CDF graphs of mean exposure and maximum exposure, so that 
(similar to the vegetation-type analysis) the total number of taxa above and below any 
given threshold can be obtained readily. The absolute numbers have been used instead 
of percentages. Note that the orderings of taxa for mean and maximum N-deposition 
exposure are different. 

Note that this analysis is not appropriate for assessing site or region-specific impacts, nor is it 
sufficient for detailed species-specific assessment. CNDDB-type data are admittedly 
incomplete and have various degrees of bias, but the overall range of most taxa is at 
least coarsely accurate. The mean exposure is the prime risk criteria for the present 
analysis. The maximum exposure analysis can suggest that some part of the species 
range may be highly exposed, but the 36 km resolution of the CMAQ map makes 
definitive statements about taxon- and site-specific exposure difficult, until the 4 km 
CMAQ map becomes available in 2006. The problem is especially acute in near-coastal 
areas with steep pollution gradients, but local hotspots will undoubtedly be found in 
nearly many regions of the state. 

Information on life history and habitat was compiled for 389 plant taxa with exposure 
> 5 kg-N ha-l yrl. This threshold represents the lowest critical loads established for 
European grasslands (Bobbink and Roelofs 1995), and serves only as benchmark for coarse 
screening at present, and identifies relatively high pollution areas in California according 
to the 36 km CMAQ map. To reemphasize, this report's authors do not yet know the 
critical loads for California ecosystems, let alone loads that threaten any individual plant 
taxa. The data can be reanalyzed for any chosen threshold. Life history and habitat 
were obtained from Calflora and the online Jepson Manual; habitat was identified as best 
as possible from these de~criptions. Identification of special soil types-serpentines, 
limestones, pebble plains, gabbros, and lone clays-is included in habitat when noted, 
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so that soil endeqtics (see Section 2.7.1 0.) can be mapped out. Habitat and life history 
factors are presented in tables for selected groups of plants. 

4.2. Results 

4.2.1. Plant taxa 

A substantial fraction of the 225 threatened and endangered (T&E) plant taxa are 
exposed to elevated N-deposition (Figure 11 ). There are 126 taxa below the 5 kg-N ha-1 

yr1 mean benchmark, and 99 above. There are 6 T&E plant taxa above the 10 kg-N ha-l 
yr1 mean benchmark. 

For maximum exposure, 93 taxa are below and 132 taxa are above 5 kg-N ha-1 yrl, and 
31 are above 10 kg-N ha-1 yr1 (Figure 12). Note again that any benchmark may be 
chosen on these graphs. 

Similar proportions apply to the 1017 listed rare taxa. There are 727 taxa below 5 kg-N 
ha-l yrl and 290 are above (Figure 13). There are 24 taxa above 10 kg-N ha-l yrl. For 
maximum exposure, 597 taxa are below and 420 taxa are above 5 kg-N ha-l yrl (Figure 
14), and 72 are above 10 kg-N ha-l yrl. 

The map of occurrences of T&E taxa with mean exposure> 5 kg-N ha-1 yr-1 clearly show 
concentrations in the high N-deposition regions: Southern California, the floor and east 
side of the Central Valley, and the San Francisco Bay Area (Figure 15). 

It is beyond the scope of this report to discuss individual plant taxa, given the high 
numbers in the analysis. All CNDDB plant taxa arc listed in Appendix B, along with 
mean, maximum, and minimum N-deposition, initial habitat assignment for the higher 
exposure plants, federal status, state status, and global and state ranks according to The 
Nature Conservancy. Note that this list provides only a starting point for regional and 
local assessments, especially assignments to specific vegetation types. 

A breakdown of life form of listed taxa exposed to > 5 kg-N ha-l yrl (Table 2) shows that 
most listed taxa are perennial and annual forbs (including several hemiparasitic taxa), 
followed by shrubs, and then a variety of other life-forms. Annual forbs may be the 
most immediately vulnerable to annual grass invasions, but in the long run, perennial 
forbs and shrubs may be at risk from habitat conversion via fire. Assignment of 
quantitative risk factors based on life history will eventually require a taxon-by-taxon 
analysis. 

A breakdown by habitat (Table 3) shows that 23 T&E plant taxa and 22 rare taxa arc 
vernal pool dependent. Vernal pool taxa are concentrated on the east side of the Central 
Valley, the Southern California Coast, and the North Bay Area (Figure 16). Assignment 
of taxa to specific vegetation types will require a regional scale assessment by local 
experts; available data (CalFlora and Jepson Herbarium) were insufficiently precise for 
systematic use in this report. 

42 




Many other taxa are in low-biomass habitats that are at risk from annual grass invasions, 
including sandy soils, clay, grasslands, open areas, and meadows, among others. There 
arc sets of taxa that are specialized on particular soils; these soil endemics with mean 
exposure > 5 kg-N ha-1 yr-1 include: serpentines in the Bay Area, gabbro; lone clays, and 
serpentine in the Sierra Foothills; limestone in the San Bernardino Mountains; and 
metavolcanics east of San Diego (Figure 17). 

As mentioned above, these analyses are constrained by the coarse resolution of the 
36 km CMAQ map, especially in coastal areas. Subregional patterns will be resolved 
with finer resolution N-deposition modeling from the 4 km map. Note also that some 
highly exposed plant taxa have outliers in low N-dcposition regions. 

Once again, the results indicate a need for regional and subregional analyses, and 
Appendix B provides a starting point. Specific treatment of more than a few taxa is 
beyond the scope of this report. 
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Figure 11. Average N-deposition exposure, state- and federal-listed T&E plant taxa 
(n =225) 
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Figure 12. Maximum N-deposition exposure, state- and federal-listed T&E plant 
taxa (n =225) 
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Figure 13. Mean N-deposition exposure, listed rare plant taxa (n = 1 017) 
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Figure 14. Maximum N-deposition exposure, listed rare plant taxa (n = 1 017) 
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Figure 15. Distribution of federal- and state-listed T&E species
exposed to > 5 k g-N ha·1 year ·1 
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Table 2. life history exposure > 5 kg-N ha-1 yr"1 

Life Form T&E Rare Total 
Perennial forb 38 122 160 
Annual forb 35 93 128 
Shrub 10 41 51 
Annual grass 7 2 9 
Annual forb, hemiparasitic 4 4 8 
Annual-Perennial forb 3 5 8 
Tree 1 6 7 
Perennial cactus 1 4 5 
Perennial sedge 4 4 
Perennial fern 3 3 
Perennial Forb parasitic 2 2 
Annual rush 1 1 
Duckweed 1 1 
Perennial grass 1 1 
Perennial rush 1 1 
Total 99 290 389 
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Table 3. Habitats of plant taxa exposed to> 5 kg-N ha·1 yr·1 

Habitat T&E Rare Total 
(blank) 17 58 72 
Rocky 6 41 47 
Vernal pools 23 22 45 
Sandv 25 25 
Open areas 1 18 19 
Serpentine 8 1 1 19 

13 18Meadows 5 
Alkali 1 13 14 

13Drv soils 1 12 
Clay 7 I 125 
Pebble-plain 8 102 

10Riparian 1 9 
4 4 8Dunes 

Freshwater-marsh 3 5 8 
8 8Washes 
3 6Limestone 3 

1 4 5Disturbed 
53 2Gabbro 
53 2Salt marsh 

5 5Understory 
44Granite soils 

2 42Grassland 
4lone clays* 3 1 

3 3Playas 
22Alluvial fans 
21 1Lake-marqins 

1 21Sandstone 
22Scrub 
43Boqs , seeps 1 
11Bluffs 
11Exposed sites 
11Metavo lcanic 
11Non-native** 
11Ponds 

38999 290Grand Total 

* See Section 2. 7. 10 

** There is some doubt as to whether this one rare species is native or non-native. 


4 8 




Vernal Pool Taxa: T&E and Rare 
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Figure 16. Location of vernal pool taxa exposed to mean> 5 kg-N ha·1 yr·1 
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ndemics: T&E and Rare 


kg-N ha- 1 year" 1 

0 1-2 

C] 2.1-4 

0 4.1-6 

Q s.1-a 
lf1~1 8.1 -10 

10.1-12 

12.1-14 

14.1 - 16 

16.1-18 

18.1-20 

20.1-22 

0 50 1 00 200 300 400•-.:::::11-.::::iill-llllii::::::====---- Kilometers 

Figure 17. Locations of soil endemic plant taxa exposed to mean > 5 kg-N ha·1 yr·1 
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4.2.2. Animal taxa 

The exposure of 108 T&E animal taxa is roughly parallel to that of plants. There are 62 
animal taxa below the 5 kg-N ha-1 yr-1 mean threshold, and 46 above (Figure 18). There 
are 4 T&E animal taxa above the 10 kg-N ha-1 yrl mean threshold. For maximum 
exposure, 40 taxa are below and 68 taxa are above 5 kg-N ha-l yrl, and 28 are above 
10 kg-N ha-l yrl (Figure 19). 

The exposure of 339 rare animal taxa is similar (Figure 20). There are 217 rare animal 
taxa below the 5 kg-N ha-1 yr1 mean threshold, and 122 above. There are 5 rare animal 
taxa above the 10 kg-N ha-1 yr-1 mean threshold. For maximum exposure, 163 taxa arc 
below and 176 taxa are above 5 kg-N ha-l yrl, and 61 are above 10 kg-N ha-l yrl (Figure 
21). The geographic distribution of exposed animal taxa is virtually the same as that of 
the plants, so no map has been prepared. 

The CNDDB listed animal species have broad taxonomic representation (Table 4), as do 
those exposed to> 5 kg-N ha-1 yr1 . Species-by-species accounts are beyond the scope of 
this report. 

Vulnerability to N-deposition via grass invasions is most likely in several circumstances. 
Butterflies and other herbivorous insects are vulnerable to displacement of larval 
hostplants and nectar sources by annual grasses. These butterflies include: the Bay 
Checkerspot (Euphydryas editha bayensis), in serpentine grassland with mean 
N-deposition exposure of 5.1 kg-N ha-1 yr1; the Quino Checkerspot (E. editha quina), in 
coastal sage scrub and grassland with mean N-deposition exposure of 6.9 kg-N ha-1 yr1; 

and Lange's metalmark (Apodemia mormo langei) in the Antioch Dunes with mean 
exposure of 5.2 kg-N ha-1 yr1• The Delhi Sands flower-loving fly (Rhaphiomidas 
terminatus abdominalis) is the most highly exposed animal with mean exposure of 
13.7 kg-N ha-l yrl. 

Highly exposed vernal pool invertebrates include various taxa of fairy shrimp; Riverside 
fairy shrimp (Streptocephalus woottoni, mean 9 kg-N ha-l yrl), San Diego fairy shrimp 
(Branchinecta sandiegonensis, mean 8.2 kg-N ha-1 yr1), Conservancy fairy shrimp 
(Branchinecta conservatio, mean 7.7 kg-N ha-l yrl), vernal pool tadpole shrimp (Lepidurus 
packardi, mean 7 kg-N ha-l yrl), Longhorn fairy shrimp (Branchineda longiantenna, mean 
6.5 kg-N ha-l yrt), and vernal pool fairy shrimp (Branchinecta lynchi, mean 6.0 kg-N ha-1 

yrl) are all vulnerable to grass invasions that shorten the inundation periods of pools 
(Marty 2005). California red-legged frogs (Rana aurora draytonii, mean 5 kg-N ha-l yr-1) 

and Tiger salamanders (Ambystoma californiense, mean 6.1 kg-N ha-1 yr·1) often breed in 
vernal pools and are·also highly susceptible to shortened inundation periods. 

Animal species dependent on coastal sage scrub, such as the coastal California 
gnatcatcher (Polioptila califomica califomica, mean 8.7 kg-N ha-1 yr1) are vulnerable to 
habitat conversion to annual grassland. Animal species dependent on desert scrub may 
also be vulnerable to habitat conversion. 

Threatened and endangered animal taxa and mean, maximum, and minimum 
N-deposition exposure are listed in Appendix B. 
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Figure 18. Average N-deposition exposure, state- and federal-listed T&E animal 
taxa (n = 108) 
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Figure 19. Maximum N-deposition exposure, state- and federal-listed T&E animal 
taxa (n =108) 
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Rare Animal Species Mean N-dep 
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Figure 20. Mean N-deposition exposure, state- and federal-listed rare animal taxa 
(n = 339) 
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Figure 21. Maximum N-deposition exposure, state- and federal-listed rare animal 
taxa (n =339) 
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Table 4. Taxonomic composition of T&E and rare animals 

T&E Rare T&E > 5 Rare > 
Life Form All All kg_-N 5 kg-N 

Fish 26 35 6 6 
Bird 25 65 8 28 
Insect 19 59 9 22 
Mammal 17 62 9 27 
Invertebrate 9 60 7 10 
Reptile 7 25 3 19 
Amphibian 5 32 4 10 
Grand Total I 108 339 46 122 
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5.0 Policy Implications 

There is broad scientific consensus that atmospheric nitrogen deposition profoundly 
changes functioning of ecosystems, which can lead to losses of biological diversity in 
both terrestrial and aquatic ecosystems (Vitousek 1994; Vitousck, Aber eta!. 1997; Penn, 
Poth et a!. 1998; Galloway, Cowling et a!. 2002; Matson, Lohse et a!. 2002; Galloway, 
Aber eta!. 2003). A recent synthesis of N-deposition effects in the Western United States 
(Penn, Baron et al. 2003; Penn, Haeuber et a!. 2003) documents impacts on numerous 
California ecosystems. Large areas of California are exposed to highly elevated 
N-deposition, and the 36 km CMAQ map captures the geographic distribution at a 
regional level. In this report, the broad-scale overlays of 36 km CMAQ N-deposition 
with vegetation-types and special status species illustrate the broad threat that 
N-deposition poses to biodiversity across much of California. 

The best documented mechanism for biodiversity impacts is the enhanced invasion of 
introduced annual grasses, which directly crowd out native species, shorten the fire 
cycle, and alter hydrology, microclimate, and nutrient cycling (D'Antonio and Vitousek 
1992). These effects have been documented and explicitly linked to N-deposition in 
coastal sage scrub, serpentine grassland, and desert scrub (Penn, Baron et a!. 2003). 
Annual grass invasions also threaten vernal pools (Marty 2005), and are likely enhanced 
by N-deposition. Species that may be at risk include many narrowly distributed 
endemic plants that inhabit nutrient-poor soil types or microsites. Animals that depend 
on specific plants, hydrologic regimes, or vegetation structure are at risk in the sensitive 
habitat types. While annual grass invasions are well-documented, N-deposition may be 
enhancing the spread of numerous other weeds. 

There are two routes toward minimizing and mitigating N-deposition impacts on 
California biodiversity: (1) decreasing N, emissions into the atmosphere, and 
(2) preserving and managing sensitive habitats. 

I 

5.1. Minimizing N-deposition Impacts Via Emissions Controls 

Despite the complexities of N-deposition as a process extending from initial emissions 
through atmospheric transport and chemical transformations; dry-and wet-deposition; 
changes in ecosystem function, structure, and biodiversity; and cascading 
"downstream" effects, the ultimate solution is to greatly decrease emissions. Some of the 
nitrogenous pollutants of concern are primary pollutants (Nth, NOx, and N20). Others 
are secondary pollutants (HN03, N03- particulates, and NH4+ particulates). Policy and 
regulatory strategies can differ depending on the source and mechanisms of synthesis. 

Ongoing efforts to control NOx emissions from vehicles and industrial sources have 
somewhat decreased atmospheric concentrations of NOx in many regions of California, 
even in the face of population growth (Alexis, Delao et al. 2001). However, emissions of 
Nth are unregulated, although increasing attention is being paid to Nth because of its 
importance as a particulate matter (PM2.s) precursor. On a statewide basis, power plants 
are a relatively minor component of emissions (Alexis, Delao eta!. 2001), but nonetheless 
add both NOx and NH3 that will eventually deposit somewhere downwind. 
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Specific to mitigating power plant sources, the application of Best Available Control 
Technology (BACT) and purchase of pollution credits have been implemented to meet 
local air quality regulations (CARB 2000). Pollution credits are primarily aimed at ozone 
precursors (NOx and ROC), and direct emissions of PMw. The effectiveness of BACT 
and emissions credits in minimizing N-deposition is complicated by two factors. First, 
both NOx and ROC credits may be purchased to offset ozone precursors, so that the total 
NOx emissions may not be covered by emission offsets. Second, selective catalytic 
reduction (SCR) is recognized as the BACT, but SCR units emit Nih (known as ammonia 
slip), especially as catalysts age. There are no emissions credits for Nih, nor is the 
additional N-deposition taken into account for NOx credits. Ammonia emissions from 
the Metcalf Energy Center (MEC) project (see Table 1) were regulated to a maximum of 
10 ppm, which was used in the assessment of N-deposition impacts on adjacent and 
downwind serpentine grassland habitats. The actual Nih emissions from SCR units 
may be substantially less than the regulated cap. 

Determining the best modeling approach for site-specific deposition estimates from new 
power plants is the subject of the accompanying report by Tonnesen and Wang 
(forthcoming). 

5.2. Mitigating N-deposition Impacts: Habitat Acquisition 
Given current levels of N-deposition and the premise that source controls will at best 
lead to gradual decreases in deposition, the only feasible immediate actions for 
mitigation are habitat preservation, management, and research. 

Identification of sensitive habitats and plant/animal taxa at risk can begin with the 
analyses presented in this report. The listing of taxa in the tabular data in Appendix B 
provides an initial start for assessment purposes. An independent search of the CNDDB 
should provide a relevant list of local special-status taxa. Local knowledge of habitat 
requirements can place each taxon into a habitat-type, and sensitivity to grass and other 
weed invasions and other impacts may be assessed. The increased N-deposition 
exposure of specific habitats can be estimated from modeling. 

Preserving habitats through acquisition of fee title or easements is a standard mitigation 
practice. However, given that even a large power plant will only incremen tally increase 
deposition in the polluted areas where species are at risk, the actual area of habitat 
protected in such a manner may be small relative to the extent of the target ecosystem. 
For example, mitigation for the MEC project included 47 ha (131 acres) of serpentine 
grassland habitat, in a 116 acre parcel adjacent to the power plant; and 6 ha (15 acres) 
several kilometers away, out of several thousand hectares of serpentine grassland. 
While transfer of any amount of land into protected status is a positive step, it was the 
qualitative impact of this mitigation-establishing a precedent that could be applied to 
highway construction, commercial/residential developments, and other power plants-
that has provided the impetus for ongoing purchases of hundreds of hectares and the 
development of a Habitat Conservation Plan/Natural Communities Conservation Plan 
(HCP/NCCP) for Santa Clara County. 
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5.3. Monitoring, Adaptive Management, and Treatments 
Monitoring and adaptive management of protected land is absolutely necessary, and can 
extend beyond land directly protected by purchase or easements. Numerous 
management treatments, including hand labor, targeted herbicides, soil/ landscape 
disturbance, and fire are all worth exploring in one or more of the threatened 
ecosystems. The key is monitoring and using the monitoring data to inform the next 
round of treatment options-adaptive management is explicitly experimental and 
empirical. 

For example, in serpentine grassland and vernal pools, moderate well-managed cattle 
grazing is effective in curbing annual grass invasions and maintaining native 
biodiversity and T&E/rare species. Grazing management was an explicit component of 
the MEC mitigation, along with adaptive management of grazing levels based on 
detailed monitoring of grassland composition. 

Many conservation organizations, including The Nature Conservancy, California State 
Parks, East Bay Regional Park District, and the CNPS, are rethinking attitudes toward 
grazing management, because of empirical experience with negative impacts of removing 
grazing-primarily enhanced annual grass invasions that reduce native forb and grass 
cover. Management options may be limited, though. Grazing may be problematic in 
other ecosystems, such as coastal sage scrub, where the remnants of native forb cover 
may be on cryptobiotic crusts on clayey soils that are easily disturbed by cattle. Or, the 
invading grasses may be relatively unpalatable (red brome in deserts, for example). 

There are relatively few options for managing annual grasses, besides livestock grazing. 
Fire may be useful in grasslands, but proper seasonal timing is essential and institutional 
barriers (air quality concerns, safety, and availability of trained personnel) can limit 
opportunities. Fire in grass-invaded shrublands is likely to exacerbate the problem and 
lead to habitat conversion unless restoration measures can be developed. Mowing can 
be effective if timed correctly, but may have a high cost/acre. Targeted, grass-specific 
herbicides can be used on fine scales, but broad applications are problematic because of 
cost, effectiveness, and regulatory concerns. Broadleaf weeds can be controlled by any 
number of approaches, as well. 

Weed management is a regional-scale issue and contributions to Weed Management 
Areas and other organizations for long-term management of weed invasions may be 
effective mitigation for the dispersed impacts of N-deposition. Such contributions, in 
the form of a long-term endowment, may be preferable to buying small, expensive, and 
difficult to manage mitigation parcels, but these decisions need to be made on a case-by-
case basis. 

5.4. Research 
Research can provide a basis for understanding the complexities of N-deposition 
impacts, and can guide management decisions. Adaptive management views management 
decisions as experiments that require ongoing evaluation. Monitoring the results of 
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management activities is essential and drastic changes in management need careful 
consideration and perhaps should be implemented as small-scale experiments. 

The complexities of the N-cycle at global, regional, and local scales are widely 
recognized in the scientific community. Examples include the First, Second, and Third 
International Nitrogen conferences, multiple sessions at major conferences (e.g., the 
American Geophysical Union, Ecological Society of America, and others), and specific 
symposia (e.g., Atmospheric Ammonia Workshop, N-eutrophication Symposium). 
Many efforts are underway to define long-term research goals for N-science, and the 
complete research agenda is well beyond the ability of any one agency to fully fund.-
Research needs are similar in scale to the carbon-cycle science that has developed over 
the last decade. The research recommendations below are a small subset of the potential 
questions and topics that are of interest to California and the Energy Commission in 
particular. 

5.4.1. Estimates of N-deposition 

Research all along the pathway of emissions/transport/chemical transformations/ 
deposition is necessary to better quantify the flux of various N-species to ecosystems. 

Emissions: Emission inventories are the most uncertain input into models such as 
CMAQ, and need continual improvement and adaptation to new circumstances. 
Emissions from power plants are monitored under AQ regulations, but the progression 
of Nfu slip over several years under actual operating conditions is an uncertainty that 
could be reduced by compilation and analysis of emission records from existing SCR 
units in California and elsewhere, or by collecting new data. A 1-year pilot study could 
assess existing data and recommend if a multi-year monitoring program (3 years, at a 
series of power plants) would be necessary. 

Modeling: The modeling research needs are dealt with in the accompanying report by 
Tonnesen and Wang (forthcoming). Ready availability of the 4 km model results-in 
monthly time steps and by N-species-for regional assessments and validation studies 
will greatly enhance the capacity to study N-deposition in California. 

Measurements: Atmospheric concentrations of Nr species are first-order drivers of N-
deposition, and can be measured at various time-intervals. Passive sampling systems 
economically measure time-averaged concentrations (days to weeks/months) of N02, 
NO, HN03, NH3, and 03, and can supplement existing AQ networks (Bytnerowicz, 
Arbaugh et a!. 2003). Standardized measurement of NH3 and HN03 concentrations are 
lacking in current AQ networks. A 1-year scoping study and pilot project on the design 
and implementation of regional and local passive monitoring networks in California 
would establish costs and protocols for an optimized network that could answer key N-
deposition questions and be used to calibrate AQ models. The 4 km CMAQ output 
provides a first hypothesis on regional gradients to test with passive samplers. 
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Throughfall measurements, using ion exchange resins, is a passive method of estimating 
N-deposition to forests and shrublands but may not capture stomatal uptake and direct 
deposition to soil surfaces (Fenn and Poth 2004). 

Passive flux monitors arc a relatively new development (Fritz and Pisano 2002) that 
allows for directional sampling of total flux (wind speed x concentration) of the same 
gaseous species as passive samplers. Deployment of a network around a power plant, 
and relative to other local sources, would deconvolute sources and allow for estimation 
of the power plant contribution to local concentrations and deposition. 

Direct measurement of atmospheric deposition of multiple N-species to various surfaces 
is one of the most technically challenging fields of science. Eddy-flux systems can be 
adapted for Nfu and NOy, and in conjunction with measurements of C02 and H20 
fluxes can establish key deposition parameters such as surface resistances and stomatal 
conductance under varying conditions and calibrate deposition models to specific 
ecosystems. 

Recent advances in analyses of stable isotopes and radiocarbon provide opportunities to 
trace emissions sources, deposition rates, and biogeochemical processing (e.g. Kendall 
and McDonnell 1998). Nitrogen, oxygen, and carbon isotopes provide multivariate 
information to constrain and deconvolute N-budgets along theN-cascade. 

The development of cost-effective biomonitors will be critical for realistic integrated 
measurements of N-deposition. Field deployable lysimeters-small pots with 
standardized species composition, soil, and isotopic composition-can potentially 
measure N-accumulation, isotopic composition, and effects on growth among growing 
seasons and across local and regional deposition gradients. It may be a challenge to 
separate out the effects of co-occurring pollutants, especially ozone, but careful 
consideration of initial lysimeter conditions, local pollution sources, and deployment 
patterns may overcome these limitations. 

5.4.2. Ecosystem impacts 

Further studies of all aspects of N-cycling and budgets in California ecosystems are 
critical. Such research will necessarily be complex, and include field surveys along local 
and regional gradients, site-specific experiments, modeling, and development of 
N-deposition indicators in an array of local ecosyste:m,s. These studies are more process 
oriented, and complement targeted surveys of annual grass and other weed impacts in 
high deposition areas. 

Among the key questions to be addressed in an integrated manner are the following: 

• 	 How much N, in various forms is deposited in particular eeosystems, and what are 
the effective differences between oxidized and reduced N forms? How does direct 
stomatal uptake effect plant performance compared with throughfall and root 
uptake? 

59 



• 	 How is N-deposition accumulated, stored, cycled, and lost from various ecosystem 
components through time, especially in low-biomass systems? Key loss processes 
include: leaching, volatilization, trace gas emissions, denitrification, and fire. Key 
accumulation processes arc plant uptake and storage, litter, and soil organic matter 
accumulation. The focus on semi-arid California ecosvstems would include field 
measurements and applications of appropriate ecosystem models. 

• 	 What is the N-saturation status of California ecosystems? Assessment will require 
development of ecosystem indicators-N-content of vegetation and soils, readily 
measured processes that indicate enhanced N-cycling rates, repeatable changes in 
species composition-and application to known and suspected sensitive ecosystems. 

• 	 What are critical loads for particular ecosystems and habitats, and how do we 
account for the cumulative nature of N-deposition impacts? What are the broad 
implications for water quality as more ecosystems begin to export nitrate in surface 
and groundwater? 

• 	 How does N-deposition drive weed invasions? Which weed species are particularly 
advantaged under N-deposition, and how do weeds affect biogeochemical 
processes, and reduce native biodiversity? Mechanistic studies of differences in 
response between native species and introduced species could untangle the roles of 
herbivory, mycorrhizal status, and other ecological interactions in determining the 
likelihood of N-deposition impacts. 

• 	 What are the management and restoration options for mitigating N-deposition 
impacts? Local studies using good experimental designs should be part of any 
adaptive management program mandated by mitigation requirements. Other 
activities include: surveys of existing management activities-grazing and 
prescribed fire, especially-in a variety of ecosystems and establishment of 
exclosurcs. 

5.4.3. Education and public awareness 

The disruption of the N-cycle is a profound change that is relatively unknown among 
land managers, regulators, conservation groups, elected officials, and the public at large. 
A concerted effort tQ develop appropriate educational materials, both printed and web-
based. to raise awareness of the magnitude and severity of the problem among the 
various groups is a key step in moving toward solution•• 

5.5. Benefits to California 

This research provides a systematic study of known and potential threats of 
N-deposition to California's biodiversity. The benefits to the state include the following: 

• 	 Recognition that N-deposition is a serious threat to biodiversity across much of the 
state is the first step in dealing with the problem. This report provides technical 
background material and an entry to the large worldwide N-dcposition literature. 
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• 	 The geograp hic analyses provide a basis for regional and local studies to further 
understand the problem. Understanding N-deposition as a driving force behind 
intensified annual grass invasions and potential intensification of other weed 
invasions, provides land managers with key information that can inform site-specific 
management to protect sensitive species and habitats. 

• 	 An outline of regulatory guidance (Section 5.6 below) provides a basis for more 
efficiently establishing mitigation requirements and options to meet those 
requirements. 

• 	 The research recommendations highlight promising and necessary steps to greater 
understanding of the N-deposition phenomenon and impacts, and can help make 
California a pioneer in addressing the issues. 

5.6. Regulatory Guidance Outline 

Based on the procedure followed for the Metcalf Energy Center (Section 5) and other 
power plant projects (Table 1) the following outline presents a synthesis of key questions 
to ask and possible avenues for effective mitigation measures. Many of the steps are 
already routine in an environmental assessment and can be applied to developing 
impact analysis and mitigation for N deposition. 

I. 	 Estimate additional N-deposition generated by a power plant 
A. Use maximum allowable emissions under AQ regulations for the specific 
plant 

1. May overestimate the actual emissions (especially SCR ammonia slip), 
but parallels AQ analysis 

B. 	 Estimate spatial distribution of deposition 
1. Model choice and implementation are covered in Tonnesen and Wang 
(forthcoming) 
2. Background levels for 2002 will soon be available in 4 x 4 km map 
from Tonnesen et al. 
3. The 36 km map is not suitable for local analysis, except to identify 
high deposition regions 

II. 	 Assess potential impacts on local ecosystems and species 
A. Develop local list of habitat types, rank into qualitative sensitivity classes 
according to available data 

1. The discussion in this report provides the preliminary list, but local 
knowledge and expertise are essential. 
2. Consider weed threats to these habitats, especially from annual grass, 
but also from annual and perennial forbs and shrubs. 

B. Develop a local list of Endangered, Threatened, and Listed Species, along 
with habitat associations, and rank into potential sensitivity classes according to 
available data 

1. CNDDB inquiry for local listed species is standard in environmental 
review. The list of species from the CNDDB in Appendix B of this report 
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provides an initial screening for species-specific range-wide N-deposition 
exposure. 
2. Finer-scale local data sources and experts should be consulted when 
available for habitat associations of listed species. 
3. Sensitivity of particular species needs to be considered on a local 
scale. The criteria outlined here-overall exposure statewide from 
Appendix A, habitat type, life form, and rarity-can be used to rank risks 
in a local context. 
4. Conduct initial surveys to identify potential weed threats to habitats 
and species. 

C. Assess exposure of sensitive elements 
1. Choose the most appropriate local/regional habitat maps with 
explicit connections between sensitive species and habitat types and set 
target areas. 
2. Overlay local map of sensitive habitats with N-deposition exposure 
from model. 
3. If detailed species distributions data are available, also calculate 
species-specific exposure. 
4. Calculate a histogram of annual increment of deposition increase on 
habitat within areas receiving an increment greater than 0.005 kg-N ha-1 

yearl, the Deposition Analysis Threshold value for Class 1 areas (NPS 
2001, www2.nature.nps.govI air /permits/ flag/NSDATGuidance.htm). 
5. Calculate the impact as a proportional increase over background 
levels multiplied by the habitat area affected. However, proportional 
impacts will be lower in high pollution zones where impacts may already 
be acute, and higher in low pollution areas. This point needs careful 
consideration, perhaps in the framework of Prevention of Significant 
Deterioration (PSD). 
6. Apply a mitigation ratio (U.S. Fish & Wildlife Service has used 3:1) to 
the impact. Mitigation ratios are commonly used for off-site mitigation-
if for example, the impact is estimated to be 1 hectare, then 3 hectares of 
mitigation land need to be secured. 

III. Evaluate mitigation options 
A. Land purchases 1 

1. If suitable examples of impacted habitat-types of sensitive species are 
available, then attempt to buy sufficient habitat to meet mitigation ratio. 

a) Areas close to the power plant site that are predicted to have 
higher deposition increments are preferable to those farther away. 
b) The uncertainties of the real estate market, availability of 
appropriate habitat, and potentially small size of mitigation 
parcels are complicating factors, and alternatives to purchase 
(section III-B) could be considered. 

B. Contribution to monitoring, management , restoration, and weed control in 
local reserves 

1. Many established local reserves are in need of targeted management 
money for short- and long-term weed control. The provision of 
endowment money specifically for this purpose so that weed control can 
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be implemented over areas equal to or greater than the mitigation 
requirement. 
2. Funding for restoration of habitats sufficient to cover the mitigation 
requirements may be considered. 

C. Contribute to research on N-deposition effects and mitigation options in the 
region. 

1. N-deposition is a complex process, and funding for targeted research 
(see research priorities, Section 5.4) may be lacking. Developing methods 
for monitoring N-deposition, effects on ecosystems, changes in 
biodiversity, and restoration of degraded habitats can add to capacity for 
mitigating impacts. 

IV. Fund and institutionalize implementation 
A. Develop a Property Analysis Report (PAR) for purchased land, establish an 
Inventory and Capital Phase, and set aside an endowment sufficient to 
implement long-term monitoring and adaptive management of target species 
and habitat. 

1. Monitoring should adhere to high scientific standards, and adaptive 
management should include experimental scale evaluation of options. 

B. If management monies are used for weed control and management on 
existing reserve lands, implement monitoring and documentation of the efforts 
that adhere to high scientific standards. 
C. Require an annual report and meeting of stakeholders. 

1. Field tours during the appropriate season are important to firsthand 
understanding of issues. 
2. When possible, coordination with other local and regional 
conservation entities, and adjacent landowners should be pursued. 
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Glossary 

BACT 
CDF 
cryptobiotic 
depolymerization 
edaphic 
eutrophic 
forb 
gabbro 
halophytes 
HCP 
herbivory 
HN03 
hypoxia 
lateritic 
mycorrhizal fungi 
N2 
NCCP 
net mineralization 
NH3 
NH4+ 

nitrophilous 
nitrogen-fixing 
NO 
N01 
N03-
N10 
oligotrophic 
PAN 
PMz.s 
PMw 
pNH4~ 

pN03-
PON 
ppm 
reductase 
sclerophyllous 
SCR 
SoCAB 
stomata 
taxa 
T&E 
xenc 

best avai lable control technology 
cumulative distribution function 
soil containing microbes that hold together the soil and reduce erosion 
the breakdown of proteins into amino acids 
affected by the soil 
nutrient-rich water bodies 
a non-woody, broadleaved wild plant, such as many wildflowers 
coarse-grained igneous rock 
plants that can live in a saline environment 
Habitat Conservation Plan 
the process of animals eating plants 
nitric acid 
a low oxygen supply 
leached, clay rich soils 
symbiotic fungi attached to plant roots 
Nitrogen 
Natural Communities Conservation Plan 
the amount ofNH4+ released from breakdown of organic matter 
ammoma 
ammomum 
rich in nitrogen 
the ability of a plant to fix atmospheric nitrogen into itself 
nitrogen oxide 
nitrogen dioxide 
nitrate 
nitrous oxide 
water bodies that have low nutrient levels 
peroxyacetyl nitrate 
particulate matter~ than 2.5 microns 
particulate matter ~ than I 0 microns 
particulate ammonium 
particulate nitrate 
particulate organic nitrogen 
parts per million 
an enzyme that reduces the substrate 
tough evergreen leaves ' 
selective catalytic reduction 
South Coast Air Basin 
pores on the underside of leaves 
groups of organisms under comparison 
threatened and endangered 
characterized by a dry habitat 
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Appendix A 


Maps of the 48 FRAP Vegetation Types Overlaid with 

the CMAQ 36 km Deposition Maps 
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Appendix 8 


California Natural Diversity Data Base (CNDDB) Plant and 

Animal Taxa List with N-deposition exposure 


This Excel spreadsheet contains information from the California Natural Diversity Data 
Base (CNDDB) and the 36 km CMAQ map. The codes for Fedlist and Statelist (columns 
G and H) are I = Endangered, 2 = Threatened, and 3 or more = Rare . Global and State 
rankings (columns N and 0) are The Nature Conservancy classifications of status, an4 
definitions can be found at the CNDDB site. Nitrogen deposition exposure is in kg-N ha-' 
yr-1 (columns I [Mean], J fMax], and K [Min]). Threatened and Endangered status 
(column V) is inclusive ofboth state and federal lists. 
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