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R E —I——I..
“

I

_/I(;ﬂzzﬁ'l/t gonstquences., One such e#eof‘_..af /pnj-—?‘f/anﬁ ‘
{ﬁﬁmo/mfm oerdeatt /s Jand _SM./Jf/b/em.cé). Which also results f
& reduchion of ﬁ,iu(‘fe/& .sz/uje space, Thys Ach 4//aezz¢/7 tawsed
5ome. Jmuje 4o M, whilihes | Plpe /z"ﬂesl and Roads in fhe
/Léﬁfan, o Pdﬂ.z 8.8, Volume 3, Bullebn. /60-05 As
noted eznlice, fhe watea resources gechon. of He éaaéj,eaaaq/ |
)Qépo/{f has been in pﬁe/m%ﬁ"ﬂn Since. 4t [easas ed/é/g as
L0010 . /)A.ﬁe /0*// ﬁ@éigauqa/ ﬂépmf //Vipacf LWR-3
page ES-71 of the DE//Q} states “[tf/ve] benees! Plin
L{/szfa would have the /00/‘2/779‘@// in fae fong -lerm, %ﬂcvé,p/d‘g
7k0umf walzn supp lies OR Inteptepe 5aé;7§w7§‘4//7 Wity 7,eaaoa/uj4z§,z
/leﬁ/wzgd such that fhepe would be a ﬂ&f_a/ef;‘a‘?‘ /n dT.ufJ.t_é/L
volume. oR a /0u76/ez‘n7 oF t4e Joce/ groundoatee Fable . This ‘
sterile, unmodihed pecititatron oF a checklis? item Aeom
Alp/}mgt‘x é% [Eﬁ/} Guidelines undewstates the /M/A’.&'f}
LJ& are 4/&6447 /n a4 c’/a[vé‘ca/ We&//af' F a&nc/,%’m/ VZ, /mj-z"e«em .
/&equ;s/an oF 7/{0«/14{ watlee /éug/sl and .67, most reasorable
/DRﬁJl‘&ﬁ‘dnS. erfening a much drica era with déa//m‘nj SuRHArce.
water dpliveries. The. environ menTz! a/aem'ée//s have feen
/éfng,‘nj} foud and clear and Fow are //3‘7éﬂmj, Une afﬁe/ﬂ//‘a‘a
[isted on- page ES-72 of 4te DEIR s WR-/.7 Collection
of Additonadd Growrcloater hFrmation., See also pages .//“#)
b, 7, and §, Gouls and folicies Report; ,44.://4753.,4-/‘23’ o
/36‘*,, DEIR. /‘)475 //“‘)‘) Godls and Foficies /ee,oo/ef st fes _
 wnden po/mg WR=-1.7, Ltihe Cﬂaf}fj._s/ud/ 54//00/47"40/0//79‘0“,/ |
studies Fpcused on Aﬂﬂmexzz‘rzﬁ fhe ana/e,exfmdl,‘ng oF indryiduad ’
5,eowodwzd—e,e Source - areas aad basins. [New Prlicy ],
S/Mu/é/ not Lde_/wa/c been c/az‘nj ﬁu‘s acfﬁz// 5/‘oe.e,l Since. 360/ 7




‘ _,_‘fLUfH' conduct sfudies ' /s more af/gﬂapg/'afa /4477&(476..

| Wrve pounts have done ther part™ by suggesting, 1F not holding, That
\ R v,f/za,/o&opeﬁ Jorum FoR m,akzhi 'fbu7/1 deeisions /2‘6;7'_4/3({/\/7‘7 waler supply and
|| Jand use._planning . s the Gereral Alan EIR. . The courts have also caufioned
|focal agencies to fu//g hsclose The ancem’zzin'@ associated with pater
Jeug/opmmz‘ and de livery ja liliboania, and to provide subs tantral evidence
the actual wafee supplies will be available 12 serve new deve /op ments
,v/':l‘/ml.{y, e courTs have iastructed ﬁmfa;om‘a./ cane must-be Falen to
||fear every 7’4/1/‘;17 reasonzble possible aboit stressed 7f?aunalwa'/‘eﬂ.
|RESOURLES. 6e7%ne GOMMi"/ffn7 fo 4 /)Rﬂj\ebf_“/’ﬁuf Relies on such aufee. ”
o Pafé 780, Guide 4o CEQA by Michae! H- lgc’m% Jina. A. Thomas,
‘ \Uames G, Moose and Whitman E Manley [200¢ [/ gditron Solano
Fress ). The /J/{esen.f' DEIR Lells Fee short of tre informatonat

lob /z"?a fron.

(’On‘b‘nuecf o page (3




Water Quality | | @

/Vl_,/ commenTs about s issue Supplement- those noled in enclosure (7).
B lng;alo_/_z‘cabl% the DEIR's sssessment of e )mpad“pf tae Genetal Plaa

[/(,oc/a.‘/?; buildou? on. water 2‘“/"‘7 15 Hhat- it will be less than s.rf}.n/zg‘c.cdm L

wit no mf-ﬁ‘{.d—:'on ﬂeiur‘Aecf ((mp&d’ WK-4, pages ES =74 4o 74 dnd

t-135, DEIFO: bround waten s Fac mafoR Sounce af‘o/«mk/‘nj waler

lin Tilare C)ourﬂ? The +wo nfud‘\o& fareats v 7Rou,oc/»ad/fe/t in ColiPornia

| dﬂe overdpatt and contaminations, A(‘ﬂmuj/x 7/{0qu4¢472/¢ contaminahion

s c/f,sacfsd (n /énékdu/, uncjéfaflﬁ(f/ /—eﬂms n %ngc—kiwam/ /ee,oaﬂf"

and DER (pages 75 H 7-3¢, 10-11 Fo /013, and Appendix ¢

;/ﬁxt Backiwa/]c/ Ke/pwa?'} Pges Y03 o 43¢ ‘DE/R)) ﬁze,ee /s no

/- a[e/m% zéum%/'{zﬁ:/e_ onsideration of fes fnown. | Sersous /moé e

llor its correlation o hacltte. [ de,cJ/; fhe DEIR fontains 4ﬁ5a/ufe./_7

lho /"n7£0km4;727‘0n on 0R c/ [Scussion ﬂ?ﬁ e heelth ef%ecfs‘//c 7,ewna/wf7‘c’<.

lleontamination, The DEIRS assessmeat 3//6‘5 Fhan .5/‘7/4/;4‘0077(' /mpact”

on water fm/;% with no m[ﬁ‘jﬁ/ﬁbn_, ﬂeiw'r{eJ (s made. o/g:/o/‘ﬁ;:.,

(1) the DE(R's 7‘&/1&4/_ discussion of the /‘mt/e@m%, 2 grROUN dwatee
f .5uﬂ/30A7"7/¢0w71'£L and oF 7/&auﬂa/W4)‘e,Q contamiaation /)ﬂoé/ems

(X) Fhe pondifions and hyc/rza/af/c c/zmjg; noted in My comments. zuof
enclosures in fae pkdc&/fmj Jechon o waler 5a'/zp/j L

CB ) Fhe DEIR's assessment” that 7/wmo/uw‘m depletion, | SubsFantial

Infeeference with 4 roun Jwatenr recharge Rmc/ﬁ‘ry ina nel

dehicit in afw'fe/a Volume or oF /awe,e/hj ot Jocal 7/60«40/40.4/?:&
fdé/(, Las 4 f/‘jn/'ﬁwtf buf'mdt/ﬂc&é/é )‘mﬂacf [/m/zch/{//_e",fj ‘
 pages ES-72 and 4-/28 +v /3%, DEIR) @
(Lf) T}’)c’:’ 4&14124/( 04/¢AJR47L{‘ c-dﬂc//fl‘or( ﬂ?t tz k/ﬂjs‘/ /(muea;é 4no[ 72-{(_
Busins ( page =129, DEIR; page 3,13, Volume ! Belletin




A

. /éOﬁ'.Of} paqe 3-50, Volume |, Bulletin J&O-198; p2g€s §- 45
1040, _l/cz_lume,..Zl Pulletin /lvO—%’)

| (j)ﬁwﬁ “.Eu]nce@fainﬁj dnd Iroitations of surtace watee dJeliverses

from fe Delta. see exacer /om‘z‘nj 7aoun4w¢f}fn overdpctt (in

e Tialre lake Hydrolvgic /Qegfzm). becawse jkoaﬂ)a/ouzdé'fe /s
 wed o replace much of Hhe shord Bl in surkece water gtf/o//es.”

 (page 3.23 Volume L, Bullein /6D-05)
_ ([o) ﬂ\ﬂlqﬂpuna[wd’m ¢ CO)VeAJRAJL(‘CM fead +o 4, w:t?‘?&@m]f?‘y

R _.Jeﬁ.mJ@ﬁ‘on“.»[paj@. 31, Volume [, Bulletin /60-c5)

. (7) that ?.[&jqa{mﬁ‘uﬂd] RunoFt and J/zm\naj@ ake also the main
 sources of f\f‘(‘l/m‘(‘&, pes‘ﬁ‘cide.). dr)c/ seleniun W&’izcldnfeﬁ
412%/14@&7‘?@ and  surface water benetrecad uses, The pasin
o [ Tilare [ake /-A/J/w/aiicd ﬂei/‘m) also has a ,ez/a;‘z‘Ug/j /Mjg
 poncentfration mt’clai,eies il tontri bute mMicrobes, 54/[/1[/}/‘
and .nufﬁi;mfs fo bott surtrce and jﬂ{:urzc/ water, Nitrate
has anteminated more than 400 Syuene mules o);7/€ouﬂo/umfe,€
inthe Tulane lake Basin, [n AJc//./?‘an) ol Aeld waste has
| /\mpd,cfe_cl wWates ,zgu.z/,%f,, ‘e (paje: B‘QJ.Va/ame 3 ﬂq.//&/ﬁt :
. Jbo-05) | |
. /8) the _,./Mk___aszm/o/ee/zmsﬂ/e, /‘nﬁnmaﬁ‘om /—zejd/a:/:'nj the éwﬂ‘y\}
} 7/&0&1/):/004/&& ResouRrces [/45\55 4-/29 and /30, DE/R)
o (C() .7%4_ Numerods agrhcles and studies 4/4’/25551}17 7K0aﬂo/wa7lée
. ontamingdtion E enclosares [/ 3h/ 7)] _
o (/0) the Results oF the Stute Waten Ressurces (ontrol Board s
 (BWRLB) Ground witee Ambieat Monitoring and Assessmeat
o ,)O;Qo«ka_.m [@AMH) in Telere &Dm‘@ Jghc//‘/zj thad 7745 F
. the 18I fmj.w:fe comestrc wells fested in Fie County hal

,,‘n[‘}'rza,‘f?,_/é(/ds IVeR. Hhe  maximam A’ﬂoﬁw‘nmf /él/é/ ( MZ.'Q




|

(5

 [enclosuce 08) dyted /l//z/a(pj o | .
Ul) the. /o/aea.//a//aﬁ‘ow foR 790’7(!)‘/17.,) enclosuie </7),_ prepared 57
AMA and Tulase &Mﬁj Fnvjren meobed Healtt, M@?fm@d‘ and.
/9((06656426/ Via the Tpleee 4]«:77’7 Latee (ommission and Hhg
Tukece . l@m#y Lol s+ wa'sa/es (/Lr/aZj 2007 #0 address .
gﬁowd water. Contaminahon, Apom nitetes and oHer Lontami ranTs
which. note "Tulare Cwnﬁf s many public watze Syshems with

unsate JRM/(MJ' watea " y “ [with] o/eazms/_‘nj surtuce yoaten.
delivenies to tre area 7/&&@1 water ywater it(a/f‘/zj and guantty
will contrnue 4 Jec/ine/)/' " Tulare. &un?‘y has many public aateq
5757L¢m§ with nifpate levels over the Maximum Contam inaat”
Level (MCL) of 45 ppm - /“l/a,okaxrm;de/j R0 To of Tidare
_l)ﬁuijS sl lgu,élfé ,Jm‘nk:‘nj wates 57:¥am Are Una fe 1o me
the nitpate MCL on a /_Lejw/me_ éasf‘s, and another RO
are ouer half fae npritrate MCL. The numben of 5751‘@45
@J[7E€L—7%c/ and the fevels contnae fnm&t;g)’ vou [f’he _&uﬂé
has extensive grou dwater gua lity Jsswes /Jm‘mé,eszke/z?é’J.
b the contuminants m%ﬁeu% arsenic = DBCP and uraniam ,
[tis estimated that contamindhon fssues will be cxacer bated
éy land yse /ﬂa&ﬁ&es and From We&c/m_?% .c/RﬂL(in‘ and He
loss of /’76/‘4*77/"/@&&.%47%2 e o Fhe San c/vazain. K/‘Veﬁ
setflement. o |
[/59 enclosures (20 and 29 also would indicate ot RMA as fead

agency was well aware oF 7ﬂounJuMJLeA water 7144%% problems

The DE(R'S freatment of water iua/fﬁ} Nas resulted in a ﬁu/? éa;(,/)h,.
anc‘ V73 7':(1”&(2& ﬁ L'amﬂ / Y wf)Lf\ ﬂw_ /fﬂﬁtarm?'?‘an a/;‘;o/nfa/ae Aeg UrremenT ,97‘L

CERA 57 pméﬁv.‘nj RelevaaT jnformation. whick prRecludes /‘/u@/zmecl./ué/fc




b

Pmﬁ‘c,;w%n and /‘nﬁlh‘jen‘f decrsion ma/cfﬂ7. [# almos) seems as i F there
has éce@c[elz‘éemfe avordance o/'7«uu«4e/w¢7‘m waler gu/ﬁ% [554ES .
Thete lus beem no compliance witn (EQA Guidelines 8§ 15126, A (a)
which requires an E(R 1o discuss " healtte and J‘afef‘g pRo {lems ceused
by e physical changes " fuat too Generl Plar. Update buildodt
would /)/Lec‘p:‘/zfe . Thene 75 no? . word one abouf Hie torreldbon
o advense 7@%11»412/2 M—@ /Mp,c(fs +o /Lesao/%‘nj_ adverse hea e
/‘m/md‘s. The DEIR s role “as an environmental ‘wlarm bt whose
[P URPD5E i's 4o alext he /)wé//‘c aud 1#s /Qespon;‘/‘{/c oFhrcials 7o
envieon mental 6/74/175_9 petoee ﬁxey have reacbed éca/bj/\c.z,/ /gw‘n‘r‘s of

! fdum‘y o /n)/o v, )/OR‘IZH [/773) 32 Cal. App,3<(

ne Retuan
7‘75/ ¥10, has not- beewn Al Al ed,

o el Z




, F@bfwalay .Z(a., 2008

Written Comments submitied /ﬂ/ J Pter Clum, ‘
45L3%  South Fork Drive, Thace Avers, CA

on the Tulare County Genepal [lan 2030 Update

Dratt Environments | /m/;acf @e‘/)mf (DE//{)

Most Pé&,o/f wou ld agree with He ﬁé/‘ecﬁVés mtﬁw General Plar
Update. [erhaps The need 7o 5/«)79'@//? addeess aip and

water /gm/}‘ﬁj, _/7&(7L7€/)€/{d lly 7here /s a basis A consensus.
Tha?s  the 6’0&:! news. The rest /s /Zz/&i“cf/y bed news becace e
more oFten than nel™ the policies and /‘m/o@meﬂé?érbn MeqsuURES

are general | vague, week, unentrrceable or nonexistent;

J

We simply will not be able # obtain the Update's
:.Objec'ﬁt/zs with #hese /Jc'/z“cr‘es and /’Mp/é’mem‘zﬁb’n Meas urRE€s, .

:ﬁmﬁw the baseline sel” of environmental cenditions ane

| nﬁcmg/e/‘e and as nﬁ(smj Theae zppears almost to have been a
conscious ¢ Fort 1o avoid mem("n?ﬁd thresholds ofslﬁjn;'yg‘amcd,
Jeasible mr"ﬁ°‘7¢1‘1‘¢9n measures, and a Reasinable Range oFaltesnatives,
Mifigation measures are 7/';261‘1,(5/77%7 elther 4‘[%‘@17; o(mem’%kceaé/é)
orR deferred witheul performance  standards or criferia to Fauge

their accomplishment™ or himefRame Therefor, All to often,

the determination of an /mpacf/S S/Cn/ﬂgccmf /Jufandm/c{ab/@
when in facT there are ex/57‘//7j mzﬁ7m§m measyres 7o
‘/C’SSCn 7%£ 5/7/7/96&/77“ /ﬂ/}/)dcfs /’7P G'de/)/e.} see /116 £u:é/zc

CommenTs contained /n the Fublic Comment Matrix  7ulane
[”mmiy General Flan .,

ﬁmpoandmf the pRoblem is Thatthe DE(R fails toprovide




<

& ﬂcasumb/f Range 07£ z{/ﬁzmmé}/e,s which oMer substantial

éemffrionmcnml advantages fo tue Genenal Plan Update . The pugpose
01(\' sldonnatives is 4o reduce or avoid 51}n25&4n7‘énwkmmm‘/é/ harnm
wh//e achieving all ca mosT of e 06)’667%95. Other fhan the

- no PP»OJ'ed“ alternative | the alternatives have been /Méo”/’\ﬁ‘(dfw‘{

7‘b oFfer. [ittle essentizl or pratical difference.

chma 7:‘Ve Yyou & few e.mm(o/es oF what | am 7La//</"/47 abouls
| (1) Pa@e ES-43 4v %% of the DEIR sets fwrth necupo//;-g

A@'L/‘zé) /DM =/ 0 &U’lcl /OM ,?,f)/ /Qeclucﬁb’m Masuﬁws,ﬁfa
Dairy and Feedlo? Opérwﬁ'dnsi The second to lasT paragraph
provides manure water shall either be in jecf‘ecf subsurface
0R /ola;ed on the surface in  thin layers. The [ast Time [
A@a&Ji we. /7@/ 51"(//71\79‘(4'27' ﬁfwandwa'?‘a/z contamination
issues. How will This new policy /;g//o Water zéua//‘ﬁj,?
What s the mi/-/"?a/ﬁbn MeasurRe FOR 7‘/7/"5'/)1;7‘@0/7‘4 //7
signihcant impact en water zgua‘//v‘ye There Is none and
that'’s because the DE(Rs assessment oF the (eneral
Plan [1/)0&17‘6, 00 Witer %m/ify_ /'s less Than 51‘7/;/'79@77%
P&ges ES-7& 4o 74, DEIR, Which is /‘nz“f/{csﬁnﬁ in 1hat
+he Yokohl Ranch NOP 5;0éc'izg"<;a(@ CdentiLres water. quality
as a p&fenﬁ‘ally 51‘?01‘%‘(_«:1’/‘ fmpa.(,‘f_j pages 3A v 34~

[ note that page 85, DEIR, states "Lals partoF
He mattfsfs) the %//aw;‘nﬁ General Plan Alﬂél’lc{fW-ILS
(GPA 5> and General Alan [nitatives (6—/"[5) 4RE.
taken into consideration- for The camulaive. jmpacts
discussion and 4/44/75/'5. " Yokoh Kanclh is a Spec/%‘\aa/
GPj .




3

(Q)\Upwan. and wildland Fre hazands ane Juc{?ec/ b be [ess fﬁd‘

(3) The DEIR Juclfjes hzfo/ﬂw(uaj Issues olther féan-&aclmj

5’i9n'nq'c&n7", page ES- &+, DEIR, c/-es/o[+e the Fael the
General Plan (/(/)c/af? would allow substantsz ! deve lopmenl”
In the area oF 7/2@47‘@57‘ concern. — the uRban wildlend
interkice . Didn't we learn any 1hing From the fepnil e
2007 Calitornia. Fires P In any case, the fokoh| Ranch,
NCP page L, Recognizes this /mpac./'ds/'ufmha(lg
_S|qnnﬁmnf

due tv inerease in impervious Surxces as less than
5&9!’1/"%66{47‘—, For @Xam,a/e) /M/)a(j— PFS -4 and 5~

on pages ES-80 + &2 zmeJlthzjeJ as less Hham
Significant. Quite the opposite conclusion /s ﬂ(ac/oec/‘
in the Yokohl Ranch ANE K pages 32 4 34

/ { ) fz)(%;/




Februwary 26, 2008

Weritten (omments submitted éuILJ,/%/z&C/am,
451,38 South BrK Daive Thaee Aivers, LA,

on_tte Tulare fbdﬂﬁ;f (etneral Plan 2030 l{ﬂcé?ﬁ

Deaft Environmental /m/.aacf /_3:3/)0&7"_ 4 DEIR>

| On Fébkuaﬂy Z 2008 | band deliveped a L«/R/?%fflszgqesffaz

ﬁﬁrpwd',me,pmeo/ by Mr, Keller of Kf//r_’/zl Maf//zj/ and

Associates Titled “lkten Resources General FPlan Update County

| of Tulace."  Fnelosure (1) sets Forth the paﬁﬁ‘ac/a/es as._well

25 /)Rfoﬂ verbal ﬂﬂ%//fsfs hr s RPpﬁR?J.'

n_page. 4-105 oF the DEIR, Mr. Keller's Re/mﬁf‘ L5

ilan 7/‘1\0(;,,&4 7L5</ dhd/?j/\? /‘Vl S 7"Zl+us Qe %a /0 /4/7/7)/’)6? /)5/\’/‘&0/7

i

o : |
lcovered by The a,ﬂc/aﬁza/ lreneral Plan. [Ssues addressed .
jhc?[éé.c(..é__q&k‘aﬂgljgdfdé_-%ML.@L_4 f‘/{l/uf!c{ walir oveedratt and the

}
i

(Reliability o JdeatBed surbice waler. sources.  _The reporT

was suppased to have bees _inpluded with one of the sepasale

_Va/am.e,.,_-Aﬁ/Qan_c{zk;gs_...C..A/zpaad/f)gJf’).) fo Hhe DEIR Brma Uzjf

lReleased by the January |¥, 2008 Notize of Aviilability.
10y lorrec Tory. " .,clg.fd___,.,.deﬂ.M@}/ .25 2008 The [Rescuece

/Wazmﬁem.e'ﬁ .Aﬁzzrzg%,....-ﬁc/mze, Lounty.. [/\’MA)_ stated the
Repor T had been .f‘/ﬁ&ﬁ[.b/é;&féﬂﬂ?,..&m_!ﬁg—_c{ "ame/?%/&wa&c/ed/f“
as  Appendix C of e Backgroun d Report. However,

I Gaclos in=ll)

Characterized as a nfuzJ}aR document™ which o's included n the. .
Weeneral  Plan Z(/;a/gﬁf’_ and whick “,,Q/wl/fdes an_overview ol
A fhe watea _pessurces in the ﬁyzmz’TJ/, The over View includes
1€ sﬁﬁs Naeaclu /9}E the. ,/mzf//\ﬂk QOURLES ﬂ}Cw47L6/< anc/ dmj —




[ soon learned that itwms uece M)‘ss}ng fram_tte Re.lpﬂﬂ‘t seeciticall

a.nnov‘ahd éommunh‘v/ Map s and 51‘557“ E?uReS, Ec/@tﬁeie, [ netced

Hhat Conﬁ%&;_ﬁ_aid.f_@@mé/fy wiould be expecte d oz ormal

Rel.ooaf’ J%ﬂﬂu.ﬂ_f_nflﬂeeﬂ /N g A‘Rm/ it A na?“élﬁpm/{ under the

IE[RM‘S /e-ﬁ‘ckhgad R ézme 4 ,T/‘and'ﬁ(ke. /Qaf’/)e/e /‘7/‘4,001445 /’/7
. - J 7 7

'ﬂu. Sdme. 7L7’0ec/ Jtpﬂﬁm@f' AS ﬂbbﬂzifofﬂl_ﬁnﬂkjfauuna/ /QQIDJAT/'

othen  tham. pn thy bottom. [ert a/cr’aa/%,lﬂgfp [Fhears The notztion

* RéVI\.SeJ'JLL/LI/ 2007" patber Pran “Decemé(/a 2007" and 2n the

Uppe lett- [t has the notatron “Deott"

Paﬁm Y-105 oF He DEIR states That in adds/bon 7o MR./(f//éﬁSj

ﬂepsz’ éefné} neluded tn The 644/<j/wma’ /Qe/owﬂ: (Frs /‘ncoaﬁamﬁez/

/35/ Reference. /muﬂ,mcmf o _section [5150 4F the OEOA * .

Guide [ines. T nals secton (5750 /0/(01//885 that when a doeumeaT s

/'rw/a/oamfed 55( Refereace 7 "shall be made aviilzble 1o

The Tﬁnu/y/:_c foe_in §/oec;ﬁom 4?‘"4 /,oué/,a /nlﬁ.ca 28 Qué_/_l_c.;b_tu_[&ﬂfw_._.,...,
and [Tt a m;‘nimum} the /\r’ldf’@,ﬁﬁkdffc_/ documents shall feo

Made available 4o e ,Qué/fa i1 an ofice of M%&%_—‘_”_H_U

jn_The /',C’[,U?7LAJ1 whepe The ,maoj‘pzf would be cappied out oz in

ONe__oh. MoRe. //)u/;/[{- éu//c//‘nﬁ S Swuch as _@@éﬁgwﬁuﬂ& .

[ihraries [F the [esd dgencey daes net have ave_otfice in the

4

0&1,7/:51_... 7714* Means _Ma._ Kel IP:’{'S Aeﬁafe_f_iﬁ.gaﬂ...l%uc._ﬁm_m_____._ )

availeble. at. _RMA g0 M J’an67 Aowlesarnd @Mﬁicméj
J@mz&é{y ,./‘L).......AZQQS’.T_ the dete of the Notiee of /’r_bié.z_/ééclzﬁ]

lof the DEIR. [t wasnet and has not been avarlebie for puhlic .
\aspection.. Wheq [ hand delivered my weiften Reques 1o RIVIA

on Ffeb. 7, RMA was unable Foprovide me withe the aonotcted
Lommunity  maps, /;é(a,eé;) 08 MR Keller'’s reparT.
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ﬂne/(p /14/( é!z.n allk,scu:f/'nm.s ﬂéo/ﬁ" 7%& pM/’ﬁZJ_ _mg?éffu‘ﬂ/s 4ﬂJ

whether 4o _include thean ju te J@M@y 255 2008 "/M{{ec‘/zﬂg’f

-§pp£1‘£4ﬂ%_@m¢_m?_&éamgj—_ﬁ_;é&ﬁ !2 one. mgfksa:/;b a_with

Mo, [Jaters of RMA., _in which T /"’lfu(‘kpc/ Aéouf‘f‘mmz‘ssin_zf
Mﬁj?zm‘a/.sf he tvld me he pecelled Some._tonversation betbeen.
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County Counsel

) 105408
TULARE COUNTY COUNSEL

Attorneys

Kathleen Bales-Lange Harold W. Wood, Jr. Konstantine A. Demiris '
Chief Deputies ‘Carol L. Laird Nina F. Dong
Gary S. de Malignon Judith-D. Chapman Moses Diaz.

Julia J. Roberts
Ronald E. Rezac
John A. Rozum

Crystal E. Sullivan Arlene F. Silva
Kathleen A. Taylor  P. Jarrett Cline
Deanne H, Peterson ~ Channone Smith-Sheller

Teresa M. Saucedo Julia C. Langley Barbara Booth Grunwald
County Counsel Services Amy-Marie Costa '
Analyst Clinton O. Sims, IT
Tammy Wightman
2900 W. Burrel, County Civic Center, Visalia, CA 93291 Telephone: 25593733-6263 Fax: ESSQ; 737-4319
11200 Avenue 368, Room 102, Visalia CA 93291 - - Telephone: (559) 713-3230  Fax: (559) 713-3240
_ February 19, 2008
J. Peter Clum -

45638 South Fork Drive
Three Rivers, CA 93271

Re: RMA No. 08-026 - Public Records Act Request from J. Peter Clum
Dear Mr. Clum:

Our office represents the Tulare County Resource Agency (Agency) in this matter. We
are treating your request for records as a Public Records Act Request pursuant to California .
Government Code § 6250 et seq. Please be advised that nothing in this response should be
considered as a waiver of the right of the Department to assert any and all claims of exemptions
or privileges to the inspection of the whole or any part of the record. This letter is in response to
your letter dated February 7, 2008.

The Agency is going to issue an amended correctory packet. It is anticipated that the
packet will contain the documents you have requested or corrected documents. At this time the
Agency’s goal as to when the amended packet will be available is on or about February 26, 2008.
Please contact David Bryant (559) 733-6291 in order to pay the copying fee and arrange to
receive a copy of the packet.

If you have any questions, please telephone me at (559) 733-6263.

Very truly yours,
KATHLEEN BALES-LANGE
County Counsel

Paralegal .
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CLIMATE CHANGE IMPACTS ON THE CENTRAL VALLEY

ese facts were taken from Our Changing Climate: Assessing the Risks to California
alifornia General Commission. 2006 Biennial Report. California Climate Change Center

We recommend that you download your own copy of this excellent publication at:
www.climatechange.ca.gov/biennial_reports/2006report/index.html

How much warming California will experience depends on economic and human population growth, how fast
humans shift away from fossil fuel-intensive industries and towards clean and resource-efﬁcxent technologies,
and which climate model is used to project changes. &

The Our Changing Climate publication defines 3 possible warming scenarios for California:
e Lower warming range: projected temperature rises between 3 and 5.5°F.
e Medium warming range: projected tempetature rises between 5.5 and 8°F.-
« Higher warming range: projected temperature rises between 8 and 10.5°F

Public Health

- Poor air quality made worse: If temperatures rise to the medium warming range, there will be 75to 85%
more days with weather conducive to ozone formation in the San Joaquin Valley, relative to today’s
conditions. This is more than twice the increase expected if temperature rises are kept in the lower warming
range.

‘ More severe heat: By 2100, if temperatures rise to the higher warming range, there could be up to 100
more.days per year with temperatures above 95°F in Sacramento, compared to a current average of 18 such
.days. This is almost twice the increase projected if temperatures remain within or below the lower warming
range. By mid century, extreme heat events in Sacramento could cause two to three times more heat-related
deaths than occur today.

. Water Resources

- Decreasing Sierra Nevada snow pack: If heat-trapping emissions continue unabated, Sierra Nevada spring
snowpack will be reduced by as much as 70 to 90%. Decreasing snowmelt and spring stream flows coupled
with increasing demand for water could lead to increasing water shortages. By the end of the century, if
temperatures rise to the medium warming range and precipitation decreases, late spring stream flow could
decline by up to 30%. Agricultural areas could be hard hit, with California farmers losing as much as 25%
of their water supply.

- Saltwater influx: An influx of saltwater would degrade California’s estuaries, wetlands, and groundwater
aquifers. Saltwater intrusion would threaten the quality and reliability of the major state fresh water supply,
which is pumped from the southern edge of the Sacramento/San Joaquin River Delta.

- Reduction in hydropower: Toward the end of the century annual electricity demand could increase by as
much as 20% if temperatures rise into the higher warming range. At the same time, diminished snowmelt
flowing through dams will decrease the potential for hydropower production. If temperatures rise to the
medium warming range and precipitation decreases by 10 to 20%, hydropower production may be reduced

: ‘ by up to 30%.
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- Floods: Continued sea level rise will further increase the vulnerability of levees, which protect freshwater
supplies and islands in the San Francisco Bay Delta as well as fragile marine estuaries and wetlands. In the
Central Valley, where urbanization and limited river channel capacity already exacerbate rising flood risks, ’

flood damage and flood control costs could amount to several billion dollars.

Changing Landscapes

» Increasing wildfire. If temperatures rise into the medium warming range, the risk of large wildfires in
California could increase by as much as 55%, almost twice the increase expected if temperatures stay in the
lower warming range. In contrast, a hotter, drier climate could promote up to 90% more northern California
fires by the end of the century by drying out and increasing the flammability of forest vegetation.

 Shifting vegetation. Continued global warming will intensify pressures on the state’s natural ecosystems
and biological diversity. For example, in northern California, warmer temperatures are expected to shift
dominant forest species from Douglas and White Fir to madrone and oaks. In inland regions, increases in
fire frequency are expected to promote expansion of grasslands into current shrub and woodland areas.
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Agriculture remains the economic base of the Central Valley, the most productive agricultural region in the

- country and a critical part of the state’s economy and the nation’s food supply. Agnculture provides 20% of the
jobs in the Central Valley. The umque combination of climate, soils, and water in the Central Valley is a major
factor in its agricultural producnvxty

e Decreased fruit and nut production: Rising temperatures could increase fruit development rates and
decrease fruit size. A minimum number of chill hours (hours with temperatures below 45°F) are required
for proper bud setting. Chill hours are already diminishing in many areas of the state, and if temperatures
rise to the medium warming range, the number of chill hours in the entire Central Valley is expected to
approach a critical threshold for some fruit trees including almonds, apples and walnuts.

e Decreased milk production: California’s $3 billion dairy industry supplies nearly one-fifth of the nation’s
milk products. High temperatures can stress dairy cows, reducing milk production at temperatures as low as
77°F, and substanually dropping production at temperatures above 90°F. Toward the end of the century, if
temperatures rise to the higher warming range, milk production is expected to decrease by up to 20%. This
is more than twice the reduction expected if temperatures stay within or below the lower warming range.

o Expanding ranges of agricultural weeds: Noxious and invasive weeds currently infest more than 20
million acres of California farmland, costing hundreds of millions of dollars annually in control measures
and lost productivity. Continued climate change is expected to cause range expansion in many.species while
range contractions are less likely in rapidly evolving, established populations. Should range contractions
occur, it is likely that new or different weed species will fill the emerging gaps.

¢ Increasing threats from pests and pathogens: Continued climate change is likely to alter the abundance
and types of many pests, lengthen pests’ breeding season, and increase pathogen growth rates. For example,
the pink bollworm, a common pest of cotton crops, and the glassy-winged sharpshooter, which transmits
Pierce’s disease, are currently problems only in southern parts of the state. If temperatures rise, the range of
both would likely expand northward into the Central Valley, which could lead to substantial economic and
ecological consequences for the state.

! Great Valley Center. The State of the Great Central Valley of California: Assessing the Region Via Indicators - The
Economy. 2005.




‘/iodeling Tools to Estimate Climate C'hange Emissions Impacts of Projects/Plans

| Tool

. Availability

Scope Scope Data Input Data Output
Local/Regional Transp/Buildings Requirements -
| URBEMIS s Download + Local project level Transportation Land use information | ¢ VMT per day
¢ Public : ' Some building (area Construction, area (Convert to CO2
domain (free) source) outputs source, and and methane)
Construction transportation ¢ Mitigation
: assumption impacts .
Clean Air and . Download. Local project level - Buildings: Energy usage ¢ ¢CO2 (tons per
Climate o Availableto Communities s Waste generation and year)
: , public agencies Govemiments - disposal
PrOtCCﬁQ“ (free) - Transportation usage
(CACP)
Software
‘Sustainable e Custom model Regional scalable ¢ Transportation Location and site « ¢CO2 (tons per
i ’ e Master planned ~ specific information year) :
Communities communities » Transportation
Model ' assumptions

On-site energy usage

' I‘CE’S

« Transportation -

e Webbased Regional scalable to Parcel level land use s CO2 (any
‘e Small access fee | site level o Buildings data (can work with quantity over
o Full model now ' e Infrastructure less data) any time)
available in eight (wastewater, street Project-level data for * Provides for
CA counties lights, etc.) altenative fmmediate
comparisons. comparison of
alternatives
EMFAC » Download _Statewide ‘ Transportation emission Used with travel e CO2 and
B e Public domain Regional (air basin _ factors demand and other ‘methane (grams
(free) ' level) models to calculate per mile)
: - CO2 impacts of emission factors
’ prOJects
Climate Action " . T
Registry ¢ Web-based Regional, scalable ¢ General Uses input such as - ¢ ‘Each GHG and
. ¢ Available to . to entity and facility | ¢ Specific protocol for - - -fuel and electricity eCO2 (tons per
reportmg Registry level some sectors use, VMT to estimate | * year)
On-line Tool members emissions of each
(CARROT) ’ GHG '

VMT = Vehicle miles traveled.
Criteria pollutants = Nitrogen oxides (NOX), reactive orgamc gases (ROG), Carbon dioxide (CO) sulfur dioxide (SOZ), pamculate matter

(PM)

eCO2= Carbon dlox1de eqmvalent emlssxons

No'l' This is not meant to be a definitive list of modeling tools to estimate climate change emissions. Other tools may be available.

2netesaneE)




v - €A — il 245/ ferrate oy
Q

Descripti'on of Modeling Tools

URBEMIS. The Urban Emissions Model (URBEMIS) is currently being used extensively during the CEQA process by local
air districts and consultants to determine criteria pollutant impacts of local projects. URBEMIS uses ITE Trip Generation Rate
Manual and the Air Resources Board’s (ARB) motor vehicle model (EMFAC) for transportation calculations. Area source
outputs include natural gas use, landscaping equipment, and fireplaces. It also estimates construction impacts and impacts of
mitigation options. An updated version with CO2 outputs may be available soon. In the interim, CO2 factors (pounds per
mile) provided by ARB could be used to convert VMT per day into CO2 per day. Web site: http://www.urbemis.com

Clear Air and Climate Protection (CACP) Software. This tool is available to state and local governments and members of
ICLEIL, NACAA, NASEO and NARUC to determine greenhouse gas and criteria pollutant emissions from government
operation and communities as a whole. The user must input aggregate information about energy (usage), waste (quantity and
type generated, disposal method, and methane recovery rate) and transportation (VMT) for community analyses. More
detailed, site-specific information is necessary to calculate emissions from governmental operations. CACP uses emission
factors from EPA, DOE, and DOT to translate the energy, waste and transportation inputs into greenhouse gas (in carbon
dioxide equivalents) and criteria air pollutant emissions. If associated energy, waste and transportation reduction are provided,
the model can also calculate emission reductions and money saved from policy alternatives: Web site: http://cacpsoftware.org

Sustainable Communities Model (SCM). This model quantifies total eCO2 emissions allowing communities the ability to
optimize planning decisions that result in the greatest environmental benefit for the least cost. SCM has been used bya
number of master planned communities, but it could also be used for neighborhoods and smaller developments. Total eCO2
emissions are based on emissions from energy usage, water consumption and transportation. SCM uses published data sets for
data input such as ARB’s EMFAC for transportation calculation. The model provides a comparison of various scenarios to
provide environmental performance, economic performance, and cost benefit analysis. :

‘Web site: http://www.ctg-net.com/energetics/News/News_SCM.html

I-PLACE’S is an internet-accessed land use and transportation model designed specifically for regional and local . ’
governments to help understand how their growth and development decisions can contribute to improved sustainability. It
estimates CO2, criteria pollutant and energy impacts on a neighborhood or regional level for existing, long-term baseline-and
alternative land use plans. I-PLACE’S is currently being used in San Diego, San Luis Obispo, and other six-county

Sacramento region to assist both the public participation process and technical analyses efforts for regional planning. The data
input requirements are extensive and require a fiscal commitment from local government. The benefits include a tool that can
provide immediate outputs to compare various alternatives during public meetings, as well as proi/ide access for local R
development project CEQA analyses. Possible future modifications could include a stand-alone tool that would allow project-
level analyses of land uses (buildings) without extensive regional data input requirements. Web site: :
http://www.energy.ca.gov/places/ ; http:/places.energy.ca.gov/places

EMFAC. The Air Resources Board’s Emissions Factors (EMFAC) model is used to calculate emission rates from all motor
vehicles (passenger cars to heavy-duty trucks) in California. The model includes emission factors for CO02, methane, and
criteria pollutants. The emission factors are combined with data,on vehicle activity (miles traveled and average speeds) to’
assess emission impacts. California local governments use EMFAC in concert with their travel demand models to assess -
impacts of transportation plans. The URBEMIS model described above uses EMFAC to calculate the transportation emission
impacts of local projects. Web site: http://www.arb.ca.gov;/msél/onroad/onroad.htm ‘ _ S

Climate Action Registry Report On-Line Tool (CARROT). The California Climate Action Registry uses the Climate
Action Registry On-Line Tool (CARROT) for registry members to report greenhouse gas emissions., It calculates GHG
emissions from energy, fuel use, and travel estimates made by the user. While use of the tool is only available to members, the
Registry makes its protocols available to the public. The general reporting protocol is available at '
http://www.claimateregistry.org.docs/PROTOCOLS/GRP%20V2.1.pdf. Specific reporting protocols are also available for
reporting by cement, forestry, and power/utility sectors and are being developed for additional sectors. Website:
http://www.cliamteregistry.org/CARROTY/. _ . ‘




CLIMA'I‘E CHAN GE AND THE CALIFORNIA
ENVIRONMENTAL QUALITY ACT

- Dave Owen, Aftorney at Law
| Law Offices of Rossmann and Moore, LLP

INTRODUCTION
_ Anthropogenically—induced climate change! is probably the largest eﬁvironmental threat
facing California. Already it is impacting the state’s environment, and scientists predict that if
Unchecked, it will ‘cut water supplies, intensify heat waves, acceleraté coastal erosion, degrade air
quality, increase wildfires, and reduce wildlife habitat-among other impacts.? Similarly major
environmental effécfs will occur worldwide.® Those impacts threaten major ecological and economic

costs,* and while chrnate change will affect almost all people, the burdens for low-income or otherwise

~vulnerable communities will be particularly heavy5 For all of these reasons, climate change is a

problem California must address. _

This paper describes one legal method for assessing and limiting California’s contributions to
climate change. The California Environmental Quality Act (CEQA)® requires government agencies
to identify and, if feasible, mitigate or avoid the significant adverse environmental impacts of projects
they propése or approve.” As discussed below in mcjre detail, many gover‘nment;sponsored or

government-approved projects add to the greenhouse gas (GHG) emissions that cause climate

This memorandum refers to anthropogenic climate change, which encompasses both warming temperatures and
changed storm and precipitation patterns, rather than using the narrower term “global warming™ In most
popular discussions, however, the terms are used interchangeably and refer to the same phenomenon.

2  CALIFORNIA CLIMATE CHANGE CENTER, OUR CHANGING CLIMATE: ASSESSING THE RISKS TO
CALIFORNIA 2 (2006) (hereinafter “OUR CHANGING CLIMATE"); CALIFORNIA ENVIRONMENTAL
PROTECTION AGENCY, CLIMATE ACTION TEAM REPORT TO GOVERNOR SCHWARZENEGGER
AND THE LEGISLATURE (2006).

3 INTERGOVERNMENTAL PANEL ON CLIMATE CHANGE, CLIMATE CHANGE 2007: THE PHYSICAL
SCIENCE BASIS SUMMARY FOR POLICYMAKERS 12 (2007) (hereinafter IPCC, THE PHYSICAL
SCIENCE BASIS) (describing some of the expected changes); INTERGOVERNMENTAL PANEL ON
CLIMATE CHANGE, CLIMATE CHANGE 2007: CLIMATE CHANGE IMPACTS, ADAPTATION AND
VULNERABILITY (2007) (hereinafter IPCC, IMPACTS, ADAPTATION, AND VULNERABILITY); Mass. v.
EP4, 127 S. Ct. 1438, 1455 (2007) (“The harms associated with climate change are serious and well recognized.”).

4  IMPACTS, ADAPTATION, AND VULNERABILITY, supra note 2; see Cal. Health and Safety Code § 88501(a),

* (b); Anthony C. Fisher et al., The Most Expensive Thing We Can Do Is Nothing: An Open Letter From Caltfornia
Economists, August, 2006 (“California’s economy is vulnerable to climate change impacts, including changes in
water availability, agricultural productivity, electricity demand, health stresses, environmental hazards, and sea
level.”).

5 REDEFINING PROGRESS, CLIMATE CHANGE IN CALIFORNIA: HEALTH, ECONOMIC AND EQUITY
IMPACTSS (2006); IMPACTS, ADAPTATION, AND VULNERABILITY, supra note 2, at 19 (observing that
factors like poverty can limit adaptive capacity).

6 Cal. Public Resources Code §§ 21000-21177.

See Cal. Public Resources Code § 21002. CEQA applies not only to government-sponsored projects, but also to

private projects that require discretionary approvals from government agencies. Friends of Mammoth v. Board

of Supervisors, 8 Cal.8d 247 (1972).
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change, and climate change already is causing significant adverse environmental impacts, and

will continue to do so. Feasible methods exist, however, for fully mitigating or avoiding those
agencies’ contributions to climate change. CEQA therefore requires state or local agencies to
identify their projects’ potential contributions to climate change, and to adopt feasible measures
to mitigate or avoid such contributions.

BACKGROUND
I. Climate Change Overview v . _

Carbon dioxide (CO,) creates what scientists call a “greenhouse effect.”® While it lets light
energy intoA the earth’s atmosphere, it reduces the amount of reflected heat released.® Other
gases create similar effects, and some, like methane, have greénhouse properties substantially
more intense than carbon dioxide.!® Consequently, scientists long ago predicted that if
atmospheric levels of carbon dioxide and other greenhouse gases (GHGs) rose above natural
background levels, the earth’s climate would become unnaturally warm.

Those predictions have proven accurate. Primarily because of fossil fuel combustion,
étmospheric carbon dioxide levels have risen dramatically in recent decades, and are continuing
to rise.!! Global average témperatures also have been increasing for several decades, and while
warming earlier in the twentieth century was probably due to non-anthropogenic forcing, human
activity all but certainly caused the more recent rise.!2 There is no real scientific doubt that
anthropogenic emissions will warm our climate even more if they continue unabated into the.
future.!> The projected changes are substantial, with the Intergovernmental Panel on Climate
Change predicting worldwide average temperature increases ranging from 1.1 to 6.4 degrees
Fahrenheit - with the lower figure assuming efforts to minimize GHG emissions-by the end of

the 21st century.!4

8 SeeJames E. Hansen, et al,, Climate Impact of Increasing Atmospheric Carbon Diozide, 213 SCIENCE 957-66 (1981).

9 See PEW CENTER FOR GLOBAL CLIMATE CHANGE, THE CAUSES OF GLOBAL CLIMATE CHANGE (2006).

10 See THE CALIFORNIA CLIMATE CHANGE CENTER AT UC BERKELEY, MANAGING GREENHOUSE GAS
EMISSIONS IN CALIFORNIA I-7 (2006) (hereinafter “MANAGING GREENHOUSE GAS EMISSIONS”)
(describing the impacts of other GHGs). ' _

11 See IPCC, THE PHYSICAL SCIENCE BASIS, supra note 8, at 2 (“Global atmospheric concentrations of carbon
dioxide, methane and nitrous oxide have increased markedly as a result of human activities since 1750 and now far
exceed preindustrial values..."). _

12 See IPCC, THE PHYSICAL SCIENCE BASIS, supra note 3 (explaining the causes of climate change), PEW
CENTER FOR GLOBAL CLIMATE CHANGE, supra note 9, at 1, 2-5 (“During the twentieth century, the earth’s
surface warmed by about 1.4°F.... Recent decades have seen record-high average global surface temperatures.”); Mass.

v. EPA, 127 S. Ct. 1438, 1446 (2007) (“Respected scientists believe the two trends are related.”).

13 See IPCC, THE PHYSICAL SCIENCE BASIS, supra note $; Naomi Oreskes, Beyond the Tvory Tower: The Scientific
Consensus on Climate Change, 306 SCIENCE 1686 (2004) (“Politicians, economists, journalists, and others may have
the impression of confusion, disagreement, or discord among climate scientists, but that impression is incorrect.”);
DAN CAYAN ET AL. (CALIFORNIA CLIMATE CHANGE CENTER), CLIMATE SCENARIOS FOR
CALIFORNIA 3 (2006) (“the winter and spring warming that has occurred in the California region over the last

few decades is very unlikely to have been caused only be natural climate variations”).
1% IPCC, THE PHYSICAL SCIENCE BASIS, supra note 8, at 11.
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Temperature increases of that magnitude will cause many major environmental changes,
most of them undesirable.!? Sea ‘le-vels will continue to rise, permanently flooding low-lying:
coastal areas and drastically ihcreasing coastal regions’ vulnerability to Hurricane Katrina-like
storms.!6 Extreme weather events, including droughts and floods, will almost certainly occur
more frequently.!” In combination with the loss of glaciers and summer snowgécks In mountain
regions, thés_e droughts will increase water shortages, disrupting both natural systems and
human economies.!® Rising temperatures will shift climate zones to higher latitudes or farther-
uphill, extinguishing species that are unable to migrate, while facilitating the movement of
others-crop pests and disease vectors, for example-that most people would prefer not to face.19
Rising temperatures also will “very likely”29 increase the frequency of .extreme heat events.2!
Not all of the changes will be negative, but in general, a combination of ‘changing environmental
norms and increased variability will have substantial adverse impacts.?2 |

Because changes already are occurring, total prevention of anthropogenic climate change no
longer is possible.23 Climate change and the resulting negative impacts are not all-or-nothing
phenomeha, however; they can occur to greater or lesser degrees, and the damage therefore still
may be limited.2* Taking steps to limit GHG emissions, thus minimizing climate change and its
secondary effects, therefore is extremely important, and incremental solutions that slow or

reduce climate change offer far greater environmental benefits than no solutions at all.25

15 See IPCC, IMPACTS, ADAPTATION, AND VULNERABILITY, supra note 2.

16 See IPCC, THE PHYSICAL SCIENCE BASIS, supra note 3, at 11 (projecting sea level rises. The IPCC'’s projections
do not include the potential effects of changing ice flow in Greenland or Antarctica); IPCC, IMPACTS, ADAPTATION,
AND VULNERABILITY, supra note 2, at 9.

17 See IPCC, THE PHYSICAL SCIENCE BASIS, supra note 3, at 12 (“It is very'likely that hot extremes, heat waves, and
heavy precipitation events will continue to become more frequent.... It is likely that future tropical cyclones (typhoons
and hurricanes) will become more intense.... There is less confidence in projections of a global decrease in numbers of
tropical cyclones.”) (emphasis in original).

18 [PCC, IMPACTS, ADAPTATION, AND VULNERABILITY, supra note 2, at 7-8.

19 {pCC, IMPACTS, ADAPTATION, AND VULNERABILITY, supra note 2, at 8 (“Approximately 20-30% of animal
and plant species assessed so far are likely to be at increased risk of extinction if increases in global temperatures
exceed 1.5 to 2.5°C."), 9.

20 The IPCC assigns precise numeric values to terms like “very likely;” a “very likely” event is an event that in the

judgment of the IPCC authors has at least a 90% probability of occurrence. IPCC, THE PHYSICAL SCIENCE BASIS,
supra note 3, at 4 n.6.

21 Seeid at 12. }

22 S¢e IPCC, IMPACTS, ADAPTATION, AND VULNERABILITY, supru note 2 (describing both positive and negative
impacts; the set of negative impacts is much larger).

23 Se IPCC, THE PHYSICAL SCIENCE BASIS, supra note 3, at 4-9; AMY LYND LUERS AND SUSANNE C. MOSER,
PREPARING FOR THE IMPACTS OF CLIMATE CHANGE IN CALIFORNIA: OPPORTUNITIES AND
CONSTRAINTS FOR ADAPTATION 8 (2006) (“climate change is demonstrably underway”); id. at 5 (table summarizing -
observed trends), 6; CLIMATE SCENARIOS FOR CALIFORNIA, supnz note 18, at 1-2 (describing observed trends).

24 See CALIFORNIA ENVIRONMENTAL PROTECTION AGENCY, supra note 2, at 38 (table showing degrees of impact).

25 See generally Mass. v. EP4, 127 S. Ct. 1438, 1457 (2007) (explaining the significance of incremental steps: “Agencies ] do
not generally resolve massive problems in one fell regulatory swoop. They instead whittle away at them over time”) (internal
citation omitted). ' '
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II. Climate Change and California

While it derives from the aggregate effects of many local sources, climate change is a global
problem. Unlike mémy localized pollution problems, the location of greenhouse gas emissions
matters little. A ton of CO, emitted in California is no more or less harmful to California than
a ton of CO, emitted in Shanghai. 26 The secondary environmental effects are similarly global;
while some locations will feel climate change’s impacts more than éthers, few areas are likely to
be unaffected.2” Because the sources of climate change are dispersed throughout the world - no one
country contributes a majority share of global GHG emissions - comprehensive solutions will likely -
require international cooperation.?8 Nevertheless, some areas in particular will contribute
substantially to climate change, in some areas the effects will be especially pronounced, and some
areas can achieve multiple benefits from climate change prevention. California fits within each of
those categories. It bears a large share of responsibility for the significant environmental impacts of
climate change, but it is capable of taking substantial steps to help resolve the problem, and will
benefit in multiple ways from doing so.

A. California’s Contributions to Climate Change

California is a major contributor to global climate change. If it were an independent nation,
California would rank (depending upon the metric used) as the tenth- to sixteenth-highest GHG-emitting
nation in the world.2® Indonesia, with a population of nearly 250 million people (California has
under 40,000,000),39 emits similar GHG amounts, and California’s emissions are on a par with
those of France.3! California’s emissions exceed-by a wide margin-those of any other state
except Texas.?? And California's emissions have been growing. “From 1990 to 2004,” according

to the California Energy Commission, “total gross GHG emissions rose 14.3%.”33

26 See CALIFORNIA ENERGY COMMISSION, INVENTORY OF CALIFORNIA GREENHOUSE GAS EMISSIONS
AND SINKS iii (2006) (hereinafter “INVENTORY") (“GHGs affect the entire planet, not Just the location where they are
emitted”) (this report is labeled “draft staff report,” but it represents the most current inventory, and this paper therefore
relies upon it); IPCC, CLIMATE CHANGE 2001: THE PHYSICAL SCIENCE BASIS § 6.1.2, available at
hitp://wurwgrida.no/climate/tpec_tar/wg1/215.him (explaining several of the primary GHGgs, including carbon dioxide and
methane, are “well-mixed gases,” meaning that their long lifespan ensures homogenous mixing throughout the atmosphere).

27 See IPCC, THE PHYSICAL SCIENCE BASIS, supra note 3, at 12; IPCC, IMPACTS, ADAPTATION, AND
VULNERABILITY, supru note 2 (describing worldwide and regional impacts).

28 See INVENTORY, supru note 26, at 20 (2006) (showing worldwide emissions).

29 The differences in emissions among the 10th through 19th-ranked nations are slight, and different reports rank
California differently. Compare id. at i, 20 (ranking California sixteenth; this report, while publicly available, is labeled a
“draft staff report”) with MANAGING GREENHOUSE GAS EMISSIONS, supra note 10, at I-6 (“Only nine nations
have greater total emissions than the state.”). The CEC's report’s ranking of California’s is also affected by its treatment
of Texas, which emits more GHGs than California, as a nation. See INVENTORY, supra note 26, at 20.

30 See quickfacts.census.gov/qfd/ states/06000.html

31 INVENTORY, supra note 26, at 20.

32 1d ati, 14. v .

33 Id at 8 (“California’s GHG emissions are large and growing... they are expected to continue to increase in the future
under ‘business-as-usual’ unless California implements programs to reduce emissions”).
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‘} . Those emissions derive from a variety of sources. Transportation produces approximately 41%
of California’s total GHG emissions, with gasoline engines contributing the lion’s share 3%
Electricity generation also contributes heavily, and out-of-state power, which more commonly

’3 derives from coal, disproportionately produces carbon dioxide emissions.35 Industrial operations
also contribute a large share, as do agriculture and forestry practices.36 Fossil fuel combustion

| creates most of California’s GHG emissions, but agricultural and landfill methane emissions and

i industrial releases of nitrous oxide and “high global warming potential” gases also add to the

‘ total output.37 Some agricultural activities and natural processes partly compensate for those

} emissions by removing GHGs from the atmosphere, but in the aggregate California’s contributions

far outweigh its sinks.38 | |

| - B._Climate Change’s Effects Upon California

As a large and growing number of state-sponsored studies have concluded, California also
will be harmed substantially by climate change. Those harms are not unique; other areas will
face similar threats, and in somé places-particularly low—lyihg nations, regions already more vulnerable
to drought or flooding, or poorer and less stable countries where adaptation will likely prove more
difficult - the consequences will be even more severe.39 The difficulties facing California thus
exemplify the worldwide threats posed by climate change, and are by no means outlying worst-case
scenarios. But even if California alone were threatened, the likely adverse impacts still would be

’ | significant, and California’s self-interest alone ought to prompt a vigorous response.

| Temperatures already are rising, and the state is likely to experience a significant additional
rise in average temperatures, particularly in its inland areas.*® Those increases threaten a long
list of adverse consequences.*! Air quality, which already is poor in much of California, will get
worse.#2  Some precipitation that now falls as snow will in the future be rain, mcreasmg winter

v ﬂoodlng and reducing snowpacks and water supplies in summer, when California needs water

84 14 atii, 9-10; see MANAGING GREENHOUSE GAS EMISSIONS, supra note 10, at 1-7, 1-10.

35 INVENTORY, supra note 26 at ii-iii, 10, 11-12. INVENTORY, supra note 26 at ii-iii, 10, 11-12.

36 Jd atii, 10-11; sce MANAGING GREENHOUSE GAS EMISSIONS, supra note 10, at [-7.

37 INVENTORY, supra note 26, at 6. The emitted amounts of these other GHGs are much smaller than the amount of
CO, emitted, but these gases have far more powerful heat-trapping effects. See MANAGING GREENHOUSE GAS
EMISSIONS, supra note 10, at I-7 (describing the greenhouse potential of sulfur hexafluoride).

38 8. MANAGING GREENHOUSE GAS EMISSIONS, supra note 10, at I-10. A “sink” is a process, like forest growth,
that removes carbon dioxide from the atmosphere. :

39 See IPCC, IMPACTS, ADAPTATION, AND VULNERABILITY, supra note 2.

40 OUR CHANGING CLIMATE, supra note 2, at 2 (“The latest projections, based on state-of-the-art climate models,

indicate that if global heat-trapping emissions proceed at a medium to high rate, temperatures in California are

expected to rise 4.7 to 10.5 degrees Fahrenheit by the end of the century”).

Id. (“These temperature increases would have widespread consequences including substantial loss of snowpack,

increased risk of large wildfires, and reductions in the quality and quantity of certain agricultural products.”); see

Katherine Hayhoe et al., Emissions Pathways, Climate Change, and Impacts on California, 101 PNAS 12422, 12425-26

‘ (2004); Cal. Health & Safety Code § 38501(a).

42 OUR CHANGING CLIMATE, supra note 2, at 5. The report states:
High temperatures are expected to increase the frequency, duration, and intensity of conditions conducive to air
pollution formation. For example, if temperatures rise to the medium warming range, there will be a 75 to 85
percent more days with weather conducive to ozone formation in Los Angeles and the San Joaquin Valley, relative
to today's conditions.

41
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most badly.*3 Pests and pathogens will migrate to new re ions, damaging the ‘state’s agricultural
Y p g g g ging g

economy and threatening human health.4* Forest fires will occur more frequently.*5 Rising
temperatures will degrade many terrestrial and aquatic ecosystems. Heat waves will become
more frequent, and extreme temperaturés will be higher.*6 Rising sea levels also will affect
California, increasing flooding on the coast and in the Sacramento-San Joaquin Delta, accelerating
erosion, and leaving coastal construction increasingly vulnerable to storm damage.*” Those
changes in turn will create major consequences not only for the state’s environmental quality, but
also for its economy; many of the state’s most important industries are likely to be harmevd.“‘8
Those environmental problems would strike a state already struggling to cope with
existing conditions. According to the California Climate Change Center,*® “[t]he state’s vital
resources and natural landscapes are already under stress due to California’s rapidly growing
population, which is expected to grow from 85 million today to 55 million by 2050.”50
Californians currently experience the nation’s worst air quality, with much of the state’s population
living in areas that violate federal and state air quality standards.51 Water allocation is chrohically
contentious. The state’s forests face elevated fire risk. Other natural ecosystems are similarly
strained, with dozens of plant and animal species threatened or endangered even under existing
conditions. Even without rising sea levels, key areas of coastal California and the Sacramento-San
Joaquin Bay-Delta already are vulnerable to flooding. All of those environmental problems
create institutional, economic, and political strains in addition to environmental and health costs;

in California, litigious natural resource battles already are ubiquitous.

*3  Id at 6-7; Hayhoe et al,, supra note 41, at 12425-26; DEPT. OF WATER RESOURCES, supra note 11, at 2-6, 2-22 to
2-31, 4-1 (“Planning and design of the Central Valley Project (] and State Water Project has, for the most part,
assumed an unchanging climate. .. and a changing climate may threaten to destabilize the infrastructure and operations
dependent on that assumption.”); CALIFORNIA DEPARTMENT OF WATER RESOURCES, CALIFORNIA
WATER PLAN UPDATE 2005 4-32 to 4-36 (2006) (“Predictions include increased temperature, reductions to Sierra
snowpack, earlier snowmelt, and a rise in sea level, although the extent and timing of the changes remain uncertain.
The changes could have major implications for water supply, flood management, and ecosystem health.").

* OUR CHANGING CLIMATE, supra note 2, at 9. '

*5 Id at 10-11. '

46 OUR CHANGING CLIMATE, supra note 2, at 5; see REDEFINING PROGRESS, supra note 5, at 19-26;
Hayhoe et al,, supra note 41, at 12424-45.

*7 DEPT. OF WATER RESOURCES, supra note 11, at 2-81 to 2-59.

48 See Cal. Health & Safety Code § 38501(b) (“Global warming will have detrimental effects on some of California's
largest industries, including agriculture, wine, tourism, skiing, recreational and commercial fishing, and forestry.”)

49 The California Climate Change Center is an academic research unit based primarily at the University of
California’s Berkeley and San Diego campuses. Several of its reports have been sponsored by California state
agencies. Se¢e OUR CHANGING CLIMATE, supra note 2, at 2.

50 OUR CHANGING CLIMATE, supra note 2, at 2; see AMY LYND LUERS AND SUSANNE C. MOSER,
PREPARING FOR THE IMPACTS OF CLIMATE CHANGE IN CALIFORNIA: OPPORTUNITIES AND
CONSTRAINTS FOR ADAPTATION v (2006).

51 OUR CHANGING CLIMATE, supra note 2, at 5.
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While most Californians will be affected, the impacts of climate change are likely to be particularly

harsh for the state’s poorest and most vulnerable people, many of whom are people of color.52

In part, those disproportionate impacts will arise because adjusting to environmental change
generally requires money and insurance, and poorer people lack the former and are less likely to own
the latter.5® Geography will also exacerbate distributional disparities. Some of the earliest and
largest temperature changes are expected in California’s Central Valley,5* which contains some of
California’s poorest areas, and poverty could increase as climate change disrupts the region’s agricultural
economy.%5 The Central Valley is already one of California's hottest regions, and that heat
contributes to some of the nation’s worst air quality problems.?6 Consequently, some of the
harshest impacts will fall upon California’s most vulnerable people.

- Climate change and its secondary environmental impacts thus pose significant threats to

‘California. With consequences likely to strike across much-of California’s landscape and

throughout many sectors of California’s economy, and with harsh potential impacts upon those
Californians already vulnerable to economic and environmental risk, climate éhange presents a
large and urgent threat.

C._California’s Role in Climate Change Solutions

While California presently is a major contributor to climate change, it also can be a major
contributor to, and beneficiary of, climate change solutions.

California has a longstanding tradition of pushing the frontiers of environmental protection.
California’s pioneering regulation of automobile emissions led to national adoption of more protective
standards, and California’s innovations in energy efficiency have created improvements well
beyond the state’s borders: California now can play that role again. No other state has been
as proactive in responding to climate change,57 and California’s innovative measures will likely
provide exémples and lessons for regulatory approaches worldwide. California has beguri to
embrace that leadership role; the state legislature recently passed the Global Warming Solutions

Act of 2006 (more commonly known, and referred to herein, as AB 32), which declares: {

52 - See REDEFINING PROGRESS, supra note 5.

53 See id. at 16-19, 36-87, 57-58, 63-64.

54 Id at 9-10; see Hayhoe et al., supra note 41, at 12424 (showing maps of projected temperature increases).

55 See REDEFINING PROGRESS, supra note 5, at 34, 41-50 (“agriculture. .. is a significant source of employment for
low-income groups and people of color. Shocks experienced by the industry could disproportionately affect these
communities.”); OUR CHANGING CLIMATE, supra note 2, at 8-9 (describing impacts to agriculture); Hayhoe
et al., supra note 41, at 12426-27 (describing impacts to dairy and wine grape production).

56 See REDEFINING PROGRESS, supra note 5, at 19-26-(describing disparities in vulnerability to heat waves),
26-35 (describing threats posed by increasing ozone (smog) pollution); Hayhoe et al., supra note 41 at 12425
(“Individuals most likely to be affected (by increases in extreme heat) include elderly, children, the economically
disadvantaged, and those who are already ill.”).

57 See infra Part 111.
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[t]he program established by this division will continue this tradition of environmental

leadership by placing California at the forefront of national and international efforts to

reduce emissions of greenhouse gases. .. action taken by California to reduce emissions of
greenhouse gases will have far-reaching effects by encouraging other states, the federal
government, and other countries to act.58 ’ ‘

Notwithstanding common arguments that responding to climate change will require
soclety-wide economic sacrifices, California’s responses actually could boost the state economy.
According to the California Legislature, “[b]y exercising its global leadership role, California
will also position its economy, technology centers, financial institutions, and businesses to benefit
from national and international efforts to reduce emissions of greenhouse gases.”® Governor
Schwarzenegger has acknowledged those potential benefits, assefting that “technologies that
reduce greenhouse gas emissions are increasingly in demand in the worldwide marketplace, and
California companies investing in these technologies are well-positioned to profit from this
demand, thereby boosting California’s economy, creating more jobs and providing increased
tax revenue."% California’s Environmental Protection Agency similarly has concluded that
implementi.ng climate change prevention strategies could “increase Jobs and incéme by an
additional 83,000 and $4 billion, respectively.”6! Independent studies back those predictions;

according to a recent California Climate Change Center report:

[gJlobally, increasing GHG emissions are assumed to be essential to a growing economy. .
This is not true in California. The state can take an historic step by demonstrating that

reducing emissions of GHG can accelerate economic growth and bring new jobs. ...

California can gain a competitive advantage by acting early in the new technologies and

industries that will come into existence worldwide around the common goal of reducing

GHG emissions.52 '

III. Existing Regulatory Responses to Climate Change

Despite the threats posed by climate change, and despite the potentiél benefits of preventive
regulation, the state and federal governments have taken only preliminary steps to limit the
greenhouse gas emissions that drive global warming.

Federal action has been almost totally absent. The United States has neither ratified the

Kyoto Protocol nor proposed any substitute international regulatory structure. Congress has not

2005) (touting California’s “leadership role in reducing greenhouse gas emissions”).
89 Cal. Health & Safety Code § 38501(e).
60  Executive Order S-3-05, supra note 58.
61 CAL. ENVTL. PROT. AGENCY, supra note 2, at 65. ,
62 MANAGING GREENHOUSE GAS EMISSIONS, supra note 10, at E-6.

58 Cal. Health and Safety Code § 38501(d); see Executive Dept., State of California, Executive Order S-3-05 (June 1, ‘ .
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passed any legislation addressing climate change. EPA long declined to address carbon dioxide
emissions, insistiﬁg, until corrected by the United States Supreme Court, that it had neither the
obligation nor even the power to do s0.5% Although the Bush Administration now acknowledges
the reality of anthropogenically-caused climate change, it has placed its faith almost entirely in
voluntary. responses.5* | )

Unlike the federal government, California’s leaders have recognized climate change as a
problem requiring a vigorous response, but the state’s response still is in its nascent stages. The
Governor and the California Legislature have taken several major steps, including the passage of
legislation setting automotive emissions standards for greenhouse gases.5 In 2005, Governor
Schwarzenegger pointedly declared the debate over climate change to be “over,” and issued an
executive order targeting ambitious reductions in the state’s carbon emissions.6¢ In accordance
with Schwarzeneggef‘ Administration policy, many of California’s administrative agencies are
studying ways in which those agencies may respond to climate change.67 The state attorney
general’s office has repeatedly attempted to compel responses to climate change, most notably
by joining lawsuits seeking to impose nuisance liability on the electric power and automotive
industries, to compel EPA to regulate automotive GHG emissions, and to force consideration
of higher federal fuel economy standards.®8 Those efforts build upon earlier achievements.
Because of past energy shortages and stringent air quality protections, California has implemented
many measures designed to improve energy efficiency. Partly because of those measures,
Californians’ per capita GHG emissions now are lower than those of most Americans, even
though their aggregaté emissions are high and growing.69

Adding significantly to those achievements, in 2006 the California Legislature passed and

Governor Schwarzenegger signed into law AB 32, also known as the California Global Warfning

63 See Mass. v. EP4, 127 S. Ct. 1438 (2007).

6%  See MANAGING GREENHOUSE GAS EMISSIONS, supra note 10, at ES-4 (“While helpful, there is no
evidence that voluntary measures provide sufficient incentives to attain the Governor’s targets.”).

65 See Cal Health & Safety Code § 43018.5. The automotive industry almost immediately challenged that legislation. See
Cent. Valley Chrysler-Jeep Inc. v. Witherspoon, 2005 U.S. Dist. LEXIS 26536 (E.D. Cal. 2005) (allowing environmental
groups to intervene in the automakers’ lawsuit).

66 See Bill Blakemore, Schwarzenator v. Bush: Global Whrmmg Debate Heats Up, ABC NEWS, August 30, 2006, at
http:// abenews.go.com/US/GlobalWarming/story?id=2374968page=1; Executive Order S-8-05, supra note 58. The order
states, in part: “the following greenhouse gas emission reduction targets are hereby established for California: by 2010,
reduce GHG emissions to 2000 levels; by 2020, reduce GHG emissions to 1990 levels; by 2050, reduce GHG emissions
to 80% below 1990 levels..

67 E.g, DEPT. OF WATER RESOURCES, supra note 11. ,

68  Conn. v. Am. Elec. Power Co, 406 F. Supp. 2d 265 (S.D.N.Y. 2005) (dismissing the nuisance case); Mass. v. EP4, 127
S. Ct.1438 (2007); Nick Bunkley, Calyfornia Sues 6 Automakers Over Global Warming, NEW YORK TIMES, September 21,
2006.

69 See INVENTORY, supra note 26 at i, 12 (“California’s ability to slow the rate of growth of GHG emissions is largely
due to the success of its energy efficiency and renewable energy programs and a commitment to clean air and clean
energy.... Although California’s total GHG emissions are larger than every state but Texas, California has relatively
low carbon emission intensity. In 2001, California ranked fourth lowest of the 50 states in carbon dioxide emissions
per capita from fossil fuel consumption and fifth lowest of the 50 states in carbon dioxide emissions per unit of gross
state product.”). '
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Solutions Act of 2006, a landmark statute designed to cap California’s greenhouse gas

emissions.”® AB 32 requires the California Air Resources Board (CARB) to cap statewide
emissions at 1990 levels.”! [t empowers CARB to use a variety of regulatory mechanisms to
achieve compliance with that cap by 2020, if not sooner.”? AB 32 also requires establishment of a
monitoring and enforcement system for tracking and regulating GHG emissions, and empowers
CARB to take immediate steps to limit high-emitting sources.”8 The Legislaturé left most other
details to the agency’s discretion; while CARB must avoid environmental injustice in implementing
its measures, its program will take shape primarily through rulemaking processes.7+

Passing AB 32 was a major step. No other state has a law like it, and the federal government
has until recently shown no inclination toward passing anything nearly so ambitious.
Nevertheless, its passage is only a start. Even if fully achieved, AB 32’s emission reductions,
while important, won't eliminate California’s contribution to the overall problem. Full implementation of
the statute would reduce emissions only by approximately 25%, but many experts estimate that an
80 to 90% reduction ultimately will be necessary to fully eliminate anthropogenic climate change.”5
Nor should full implementation automatically be assumed. The regulatory program developed
by CARB also may have gaps, which other laws and regulatory approaches can help fill.76 And
AB 32 places heavy responsibility upon CARB. If CARB is unable to meet its responsibilities,
other statutory mechanisms may be necessary to spur change. AB 32 does not purport to occupy
the regulatory field,”” and both the need and the opportunity for other regulatory approaches

therefore remain.

70 California Climate Change Solutions Act of 2006, A.B. 32, 2005-06 Sess, codified at Cal. Health & Safety Code §§
88500-99. '

71 Id §§ 38550-38551.

72 Id. §§ 88560-38565.

73 Id § 38530.

T See id §§ 98560-38574

75 See MANAGING GREENHOUSE GAS EMISSIONS, supra note 10, at [-4; Executive Order S-3-03, supra note
58; Thomas Wigley, The Kyoto Protocol: CO,, CH,, and Climate Implications, 25 GEOPHYSICAL RESEARCH
LETTERS 2285 (1998) (concluding that compliance with the Kyoto Protocol’s modest targets would fail well
short of removing the human footprint from the global climate). '

76 For example, AB 32 implies that CARB should focus primarily on a subset of sources, see Cal. Health & Safety
Code §§ 88530(b)(1), and for reasons of practicality and administrative efficiency the agency is likely to follow
that directive. That means, however, that many smaller or more diffuse sources may escape regulation under AB
32, at least immediately and perhaps indefinitely, even though the aggregate effect of those smaller sources could
be quite large.

77 Cal. Health and Safety Code §§ 38592(a) (“All state agencies shall consider and implement strategies to reduce
their greenhouse gas emissions.”), $8592(b) (“Nothing in this division shall relieve any person, entity, or public
agency of compliance with other applicable federal, state, or local laws or regulations, including state air and
water quality requirements, and other requirements for protecting public health or the environment.”), $8598
(“Nothing:in this division shall limit the existing authority of a state entity to adopt and implement greenhouse
gas emissions reduction measures. ] Nothing in this division shall relieve any state entity of its legal obligations
to comply with existing law or regulation.”).
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‘CEQA AND CLIMATE CHANGE

CEQA provides such a corhplementary approach. Though CEQA's substantive and procedural

'~ requirements have yet to be fully applied to projects contributing to climate change, the Act’s

core provisions require state and local public agencies to avoid or mitigate the significant adverse
climate change impacts of any project they sponsor or approve. Multiple methods-many affordable,
and some capable of creating significant collateral benefits-of avoiding or mitigating GHG
emissions alfeady are available.”® And those mandates are readily enforceable; both government
agencies and community groups have long-established traditions of using CEQA to create

effective environmental change.”

I The Requn’ements of CEQA

CEQA mandates that state and local agencies “[dJevelop and maintain a high quality

environment now and in the future, and take all action necessary to protect, rehabilitate, and enhance

» “

the environmental quality of the state;” “take all coordinated actions necessary to prevent [critical
environmental’] thresholds being reached;” and “[e]nsure that the long-term protection of the

environment, consistent with the provision of a decent home and suitable living environment for

" every Californian, shall be the guiding criterion in public decisions.”80

Those broad purposes have informed legal principles. “In enacting CEQA,” th¢ California
Supreme Court has written, “the Legislature declared its intention that all public agencies
responsible for regulating activities affecting the environment give prime consideration to
preventing environmental damage when carrying out their duties.”8! The state’s high court has
repéafedly directed that CEQA is to be interpreted ‘to afford the fullest possible protection to
the environment within the reasonable scope of the statutory language.”82

CEQA fulfills those prdtective purposes primarily through a few basic requirements. Any
time a state or local public agency makes a discretionary decision83 to approve or carry out a
project with potentially significant environmental impacts-even if the project will be implemented

by private parties8%-the _ageﬁcy must consider and disclose the potential environmental consequences of

‘o See supra Part 1.C.

79 See PLANNING AND CONSERVATION LEAGUE, EVERYDAY HEROES PROTECT THE AIR WE
BREATHE, THE WATER WE DRINK, AND THE NATURAL AREAS WE PRIZE: THIRTY-FIVE YEARS
OF THE CALIFORNIA ENVIRONMENTAL QUALITY ACT (2005) at
http./ /wwwpcl.org/pel_files/full_report.pdf.

80 Cal. Pub. Res. Code §§ 21000(d), 21001(a), (d).

81 Mountain Lion Foundation v. Fish and Game Commission, 16 Cal.4th 105, 112 (1997); see City of Marina v.
Board of Trustees of the California State University, 39 Cal.4th 841, 348 (2006).

82 Mountain Lion Foundation, 16 Cal.4th at 112 (quoting Friends of Mammoth v. Board of Supervisors, 8 Cal. 8d
247, 259 (1972)); Laurel Heights Improvement Ass'n v. Regents of the Univ. of Cal, 47 Cal.3d 376, 390 (1988).

83 See Cal. Pub. Res. Code § 21080(a); Friends of Westwood v. City of Los Angeles, 191 Cal. App. 3d 259, 267
(1987) (holding that the existence of any discretion in an approval process triggers CEQA's applicability).

84 See Friends of Mammoth, 8 Cal.8d 247 (holding that CEQA applies to private projects receiving governmental

approvals).
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its decision.8 It also must identify, discuss, and, if feasible, adopt measures capable of avoiding

or reducing a proposed project’s significant adverse environmental impacts.86  The discussion
below explains these requirements in more detail.

A. Disclosure of Significant Adverse Environmental Impacts

If a proposed project®7 may cause significant adverse impacts upon the environment, CEQA
requires the lead agency® either to: (a) adopt or require project changes that will avoid or fully
mitigate potentially significant impacts; or (b) prepare an “environmental impact report” (EIR)
before approving or carrying out the project.89 The EIR, if prepared, must identify and discuss
the project’s potentially significant adverse environmental impacts. That discussion should
inform both decision-makers and the public of the environmental consequences of the agency's
proposed action, allowing assessment of whether the project really is worth its potential
environmental cost.90 |

CEQA defines “significant impacts” broadly and inclusively. Its definition includes-and
agencies therefore must discuss-not only the direct eﬁvironmental consequences of implementing
the project, but also indirect effects that may follow from the project’s direct physical consequences.9!
That discussion need not address speculative effects,92 but where an indirect consequence is
foreseeable, the existence of a causal chain between project and impacf—even an attenuated
one-does not excuse the agency from discussing that impact in an EIR.93

A lead agency also must address significant “cumulative” environmental impacts-that is,
contributions, even if small, to larger environmental problems. CEQA defines a “significant

effect on the environment” as including

possible effects of a project (that) are individually limited but cumulatively considerable.
As used in this paragraph, ‘cumulatively considerable’ means that the incremental effects

85 CEQA does set forth certain classes of projects that are categorically exempt from statutory requirements. Eg,
Cal. Pub. Res. Code §§ 21080(b), 21080.14 (creating an exemption for “affordable housing projects in urbanized
‘areas”).

O Sierra Club v. State Bd. of Forestry, 7 Cal.4th 1215, 1233 (1994). »

87 See 14 Cal. Code Regs. § 15002(b) (explaining the types of actions to which CEQA applies).

88 CEQA defines a “lead agency” as “the public agency which has the principal responsibility for carrying out or
approving a project which may have a significant effect upon the environment.” Cal. Pub. Resources Code §
21067.

89 See Friends of Davis v. City of Dauwis, 83 Cal. App. 4th 1004, 1016-67 (2000) (“An EIR is required whenever it can
be ‘fairly argued on the basis of substantial evidence that the project may have significant environmental
impact.””) (citations omitted); 14 Cal. Code Regs. §§ 15064, 15065(b)(1).

90 See Sierra Club, 7 Cal. 4th at 1229 (describing an EIR as “an environmental alarm bell” and a “document of accountability”).

91 See 14 Cal. Code Regs. § 15064(d)(2); see also 14 Cal. Code Regs. § 15858.

92 See Planning & Conservation League v. Department of Water Resources, 83 Cal. App. 4th 892, 919 (2000) (“We

* need not venture into speculation. But CEQA does compel reasonable forecasting.”).

93 Sec 14 Cal. Code Regs. § 15064(d)(2).
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of an individual.project are considerable when viewed in connection with the effects of
past projects, the effects of other current projects, and the effects of probable future
projects.9*.

‘The presence of such cumulatively significant effects can trigger the obligation to prepare

an EIR, for an agency must prepare an EIR if its “project has possible environmental effects that

are individually limited but cumulatively considerable.”®® The EIR then must disclose those
cumulative impacts; agencies are obligated to “discuss cumulative impacts of a project when the
project’s incremental effect is cumulatively considerable.”96

Judicial decisions have carefully enforced those requirements. California’s courts have

emphasized the importance of cumulative impacts analyses, cautioning that “[o]ne of the most

important environmental lessons is that environmental damage often occurs incrementally from a

variety of small sources. These sources appear insignificant when considered individually,' but
assume threatening dimensions when considered collectively with other sources with which they
interact.”97 The courts therefore have required agencies to treat as significant projects’ contributions
to larger environmental problems, even where the individual project contribution would seem
small in isolation.98 They also have rejected a de minimis exemption from that general rule,
reasoning that such an exemption would contravene the core purposes of a cumulative impacts
analysis.®® Some debate remains about where exactly the lower bound of a cumulatively significant

contribution lies; though the rejection of a de minimis exception indicates that even tiny contributions

94 Public Resources Code § 21083(b)(2). The CEQA Guidelines similarly state that “‘[cJumulative impacts’ refer to
two or more individual effects which, when considered together, are considerable or which compound or increase

other environmental impacts.” 14 Cal. Code Regs. § 15855. “While Section 21088 governs the situations in which
an agency must prepare an EIR, its provisions have also been applied to the contents of an EIR once it is determined
an EIR must be prepared.” Los Angeles Unified School Dist., 58 Cal. App. 4th at 1024 n.6 (citing Laurel Heights
Improvement Ass'n, 47 Cal.3d at 894).

95 14 Cal. Code Regs. § 15065 (a)(8).

96 14 § 15180(a); see Los Angeles Unified School Dist., 58 Cal. App. 4th at 1024-26 (1997) San Franciscans for
Reasonable Growth v. City & County of San Francisco, 151 Cal. App. 3d 61, 73 (1984) (“Part of [CEQA's] vital
informational function is performed by a cumulative impact analysis.”).

97 Communities for a Better Environment v. California Resources Agency, 108 Cal. App. 4th 98, 114 (2002); see
Bakersfieid Citizens for Local Control v. City of Bakersfield, 124 Cal. App. 4th 1184, 1214 (2005) (quoting
Communities for a Better Environment); Los Angeles Unified School Dist, 58 Cal. App. 4th at 1025; San Joaquin
Raptor/Wildlife Rescue Ctr. v. County of Stanislaus, 27 Cal. App. 4th 718, 739 (1996); Las Virgenes Homeowners
Federation, Inc. v. County of Los Angeles, 177 Cal. App. 8d 800, 306 (1986); Whitman v. Board of Supervisors,
88 Cal. App. 3d 397, 408 (1979).

98 E.g., Kings County Farm Bureau v. City of Hanjford, 221 Cal. App. 3d 692, 718-24 (1990) (rejecting an EIR that

failed to consider whether project emissions, in combination with emissions from other sources throughout the

San Joaquin Valley, would create a significant impact); Los Angeles Unified School Dist., 58 Cal App.4th at 1025
(“the relevant issue to be addressed in the EIR on the plan is not the relative amount of traffic noise resulting
from the project when compared to existing traffic noise, but whether any additional amount of traffic noise
should be considered significant in light of the serious nature of the traffic noise problem already existing
around the schools”).

99 Commaunities for a Better Environment, 108 Cal. App. 4th at 116-21 (followmg Kings County, which it described as

“['t]he seminal decision,” and Los Angeles Unified School District).
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often matter, commentators have argued against a “one-molecule” standard for air pollution. 100

But past decisions leave little doubt that CEQA's full suite of obligations can be triggered even
by a seemingly small contribution to a larger problem.

CEQA's definition of " significant impacts also extends to impacts occurring outside California.
While CEQA governs only decisions made and conduct occurring within California, nothing in _
its definition of significant impact excludes impacts outside state lines, Instead, “CEQA requires a
public agency to mitigate or avoid its projects’ significant effects not just on the agency’'s own
property but ‘on the environment,” with ‘environment’ defined for these purpoées as ‘the physical
conditions which exist within the area which will be affected by a proposed project.” 101 That
functional definition invokes no political boundaries; if an area is affected, it is part of the
relevant physical environment, regardless of the governmental authority exercising local
Jurisdiction. _

CEQA, its implementing regulations, and judicial decisions thus compel agencies to disclose,
in an EIR, their projects’ contributions to any significant environmental problem, even if those contributions
are indirect, even if project-specific contributions, if viewed in isolation, would seem small, and
even if those impacts will occur partly outside California.

B. Identification of Alternatives and Mitigation Measures

In addition to requiring identification of significant environmental impacts, CEQA also
requires agencies to discuss ways in which those impacts can be avoided or reduced. Agencies mﬁst
“systematically identifl'y7]... feasible alternatives or feasible mitigation measures which will avoid
or su'bstantially lessen [a project’s] significant effects.”192 That discussion of alternatives and
mitigation measures forms the “core” of an EIR.103

CEQA's alternatives requirement compels agencies to consider whether different versions of
the project, or even different projects, could accomplish most project purposes while reducin“g
environmental costs.!%* Courts have repeatedly stated that agencies “must describe all reasonable
alternatives to the project including those capable of reducing or eliminating environmental
effects.” 195 No universally-applicable list sets forth the alternatives agencies must consider-the
scope of the analysis instead is governed by project-specific circumstances, the standards set

forth in the statute and the CEQA Guidelines, and a “rule of reason”196-byt agencies often

100 See, eg, MICHAEL H. REMY ET AL., GUIDE TO THE CALIFORN IA ENVIRONMENTAL QUALITY

101 4merican Canyon Community United for Responsible Growth v. City of American Canyon, 145 Cal. App. 4th
1062, 1082 (2006) (italics removed; quoting Cal. Pub. Res. Code § 21002. I(b) and City of Marina v. Board of
Trustees of California State University, 39 Cal. 4th 341, $59-60 (2006)); 14 Cal. Code Regs. § 15360.

102 Cal. Pub. Res. Code § 21002; see Cal. Pub. Resources Code § 21061 (stating that an EIR must “list ways in which
the significant effects of such a project might be minimized” and “indicate alternatives to such a project.”).

103 Citizens of - Goleta Valley v. Board of Supervisors, 52 Cal.8d 553, 564 (1990).

104 g¢¢ 14 Cal. Code Regs. § 15126.6. '

105 County of Inyo v. City of Los Angeles, 71 Cal. App. 3d 185, 208 (1977); see Wildlife Alive v. Chickering, 18 Cal.sd
190, 197 (1976); Laurel Heights Improvement Assoc. v. Regents of Univ. of Calif, 47 Cal. 8d 876, 400 (1988); 14
Cal. Code Regs. § 15126.6.

106 g¢¢ 14 Cal. Code Regs. § 15126.6; Citizens of Goleta Valley, 52 Cal.3d at 565.
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consider building in alternative locations,!07 using different infrastructure to accomplish project
purposes, 198 or scaling back a project’s scope. 109

CEQA also “reqhir_es that an EIR indicate the Wayé in which a project’s significant effects can
be mitigated, by setting forth ‘mitigation measures proposed to minimize significant effects on
the environment.” 110 The CEQA Guidelines describe several categories of mitigation rﬁeasures,
including "‘vavo‘iding the impact altogether by not taking a certain action or parts of an action;”
restoring the environment impacted by the action; altering project operations to minimize the
impact; or “[c]ompensating for the impact by replacing or providing substitute resources or
environments.”!!! They also specify that “where relevant,” EIRs must describe measures

capable of reducing “inefficient and unnecessary consumption of energy.”112

C. Adbption, if Feasible, of Alternatives or Mitigation Measures Capable of AVOiding
Significant Environmental Impacts

* While discussion of impacts and alternatives is central to CEQA compliance, the statute
requires more than just disclosure. CEQA also includes a “substantive mandate that public
agencies refrain from approving projects for which there are feasible alternatives or mitigation
measures.” 113 “['NJo public agency shall approve or carry out a project” if “one or more
significant effects on the environment [] would occur if the project is approved or carried out,”
unless the public agency determines either: (a) that the impacts will be mitigated to a less-than-
114

significant level; or (b) that full mitigation is infeasible, but project benefits still justify proceeding.
- The CEQA Guidelines repeat that mandate, stating that the “basic purposes of CEQA’ include

107 E.g, Citizens of Goleta Valley, 52 Cal.8d at 570-75 (concluding that evaluation of a single off-site alternative was
adequate); San Bernardino Valley Audubon Society, Inc. v. County of San Bernardino, 155 Cal.App.8d 738, 751
(1984) (rejecting an EIR that considered too narrow a range of site alternatives).
108 E o, County of Inyo, 71 Cal. App. 3d 185, 208 (1977) (rejecting an EIR for a water-delivery project that failed to
consider conservation as an alternative to increased pumping); Kings County Farm Bureau v. City of Hanford,
221 Cal. App. 3d 692, 730-37 (1990) (rejecting an EIR that considered a natural gas-burning alternative to a
coal-fired power plant, but did not provide enough quantitative data to facilitate an effective comparative analysis).
109 g.g, Village of Laguna Beach v. Board of Supervisors, 134 Cal. App. 8d 1022, 1028-32 (1982) (upholding an EIR
that considered a range of sizes for a proposed residential development).
110 Save Our Peninsula Committee v. Monterey County Bd. of - Supervisors, 87 Cal. App. 4th 99, 189 (2001) (citing
Cal. Public Resources Code §§ 21100, 21002.1, and 21061); see 14 Cal. Code Regs. § 15002(a)(2) (stating that one
of CEQA's “basic purposes” is to “[i]dentify ways that environmental damage can be avoided or significantly
reduced”). _ '
111 14 Cal. Code Regs. § 16370. At the margins, the difference between an alternative and a mitigation measure may
be fuzzy, but generally speaking, mitigation measures involve revisions within the same project, while alternatives
involve fundamentally different versions of the project. See Laurel Heights, 47 Cal 3d at 403 (“alternatives are a
type of mitigation”).
112 14 Cal. Code Regs. § 15126.4.
118 Mountain Lion Foundation v. Fish and Game Commission, 16 Cal.4th 105, 134 (1997); see Sterra Club v. State Bd.
" of Forestry, 7 Cal4th 1215, 1238 (1994) (‘CEQA compels government first to identify the [significant] environmental
. effects of projects, and then to mitigate those adverse effects through the imposition of feasible mitigation measures
or through the selection of feasible alternatives.”); Sierra Club v. Gilroy City Council, 222 Cal.App.3d 30, 41
(1990) (CEQA “requires public agencies to deny approval of a project with significant adverse effects when feasible
alternatives or feasible mitigation measures can substantially lessen such effects.”) :
114 Cal. Pub. Res. Code § 21081.
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“[pJrevent[ing] significant, avoidable damage to the environment by requiring changes in projects

through the use of alternatives or mitigation measures when the governmental agency finds the
changes to be feasible.”!15 Thus, if mitigation or avoidance of a project’s significant adverse

impacts is feasible, an agency cannot approve the project without adoption of those mitigation or -

avoidance measures. )

Those provisions require mitigation of cumulatively significant impacts. A cumulatively
significant impact is, by definition, a significant project impact,!16 and CEQA requires mitigation,
if feasible, of all significant impacts.!!7 That does not mean agencies must fully resolve environmental
problems that their projects only partially cause; instead, an agency may satisfy its CEQA obligations
by mitigating its proportional contribution.!!8 The agency also may accomplish its share of
mitigation in a variety of ways, including participation in regional mitigation programs.1!® But
an agency cannot simply ignore its project’s share of a larger impact. If a pfoject's contribution is
incrementally important yet can be avoided or mitigated, the project cannot proceed without such
mitigation.

CEQA thus creates both powerful incentives and clear mandates for agencies to refrain from
contributing to larger environmental problems. Such contributions can trigger the obligation to
prepare an EIR, and agencies wishing to avoid that obligation must fully mitigate their projects’

potential contributions. If the agency does not adopt such mitigation measures at the outset, its

EIR must disclose potential contributions to that larger problem, and those disclosures may raise

questions about the wisdom of proceeding with the project. Finally, if a project’s contributions
to a significant impact can feasibly be avoided or mitigated, the agency cannot proceed without
such avoidance or mitigation measures in place.
II. Applying CEQA’s Requirements to Climate Change

The core CEQA provisions described above constrain state or local public agencies’ contributions
to climate .change. Many public projects directly or indirectly cause GHG emissions,!20 and all
of those projects collectively add major contributions to significant environmental impacts.!2!
But multiple methods exist for feasibly mitigating or avoiding those projects’ contributions to

climate change.!?? Consequently, and as explained in more detail below, CEQA requires that

115 14 Cal. Code Regs. §§ 15002(a)(s), (h), 15021..

116 See 14 Cal. Code Regs. § 15065(a)(3) (stating that “a lead agency shall find that a project may have a significant
impact on the environment” if the project “has possible environmental effects that are individually limited but

_ cumulatively considerable.”).

17 Cal. Pub. Res. Code 21081.

118 14 Cal. Code Regs. § 15180(a)(8) (“An EIR may determine that a project’s contribution to a significant cumulative
impact will be rendered less than cumulatively considerable and thus is not significant. A project’s contribution is
less than cumulatively considerable if the project is required to implement or fund its fair share of a mitigation
measure or measures designed to alleviate the cumnulative impact.”); 14 Cal. Code Regs. § 15064(h)(2) (same).

119 Save Our Peninsula Committee, 7 Cal. App. 4th at 139-40. The Save Our Peninsula court also warned, however, that ‘
“a commitment to pay fees without any evidence that mitigation will actually occur is inadequate.” 14 at 140; City

of Marina, 39 Cal.ath at 365. '

120 See infra Part I1A.

121 g0, infra Part 11.B.
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California state and local agencies refrain from approving projects that contribute to climate change

or implement full mitigation.

A. Climate Change Contributions and State and Local Government Projects
The threshold trigger for CEQA is a discretionary state or local governfnent action with

“potential environmental consequences, and government-implemented or approved projects that

lead, directly or indirectly, to GHG emissions clearly cross that threshold.123 In fact, much of
California’'s GHG emissions derive at least partly from discretionary government decisions.

A listing of all public agency projects contributing to climate change would fill a book, but a
partial sampling illustrates the extent to which GHG emissions intertwine with discretionary
government action. Public agencies build transportation systems,!2¢ control land use planning
and consequent automobile use, and regulate the location of new residential, commercial, industrial,
agricultural, and power-generating facilities.!2% Timber harvests, which release some of the
carbon previously stored in forests and reduce their sequestration potential, are regulated by
California’s Board of Forestry.!26 Methane-generating agricultural or industrial practices, like
construction of major dairies, typically are subject to local land use authority, and require
authorization from local governments. Government decisions also affect power demand; every
subdivision, industrial project, or water project!27 that public agencies approve necessitates
electricity Public agencies also are major power consumers. The single largest power user in
the state is California’s State Water Project, which utilizes an extraordinary amount of energy
every year delivering water to users in southern California.128 Perhéps the most telling statistics
are the numbers of project decisions issued by California agencies. In an average year, those
agencies file thousands of documents notifying the public that a CEQA process has been

completed, and many, if not most, of those projects may in some way affect GHG emissions.!29

122 See infra Parts I1.C, 11.D.

123 See Friends of Mammoth v. Board of Supervisors, 8 Cal. 3d 247 (1972)

124 See, e.g, California Department of Transportation, About Caltrans, at http://wuww.dot.cd.gov/aboutcaltrans.htm (last
checked September 15, 2007) (describing Caltrans’ role in building state transportation infrastructure).

125 See, eg, Kings County Farm Bureau v. City of Hanford, 221 Cal. App. 8d 692 (1990) (considering the environmental

" consequences of constructing a new power plant); California Energy Commission, #elcome to the California Energy

Commassion, at hitp.//www.energy.ca.gov/commission/indexr.html (explaining the CEC's role, which includes
“[1Jicensing thermal power plants 50 megawatts or larger”).

126 ¢ Big Creek Lumber Co. v. County of Santa Cruz, 38 Cal. 4th 1139, 1146-47 (2006). That state regulatory
power does not extend to the national forest system’s extensive holdings within California.

127 See NATURAL RESOURCES DEFENSE COUNCIL AND PACIFIC INSTITUTE, ENERGY DOWN THE
DRAIN: THE HIDDEN COSTS OF CALIFORNIA'S WATER SUPPLY (2004) (“According to the Association
of California Water Agencies, water agencies account for 7 percent of California’s energy consumption and 5
percent of summer peak demand.”).

128 g, ENERGY DOWN THE DRAIN, supra note 127, at 2 (“The California Energy Commission reports that
SWP energy use accounts for 2 to 3 percent of all electricity consumed in California.”).

129 S.¢ Office of Planning and Research, Environmental Document Filings with the State Clearinghouse, 1999
through 2008, at http.//www.opr.ca. gov/ clearinghouse/ PDF's/1999-2005_All_Document_Filings.pdf.
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B. GHG-Emitting Projects and Significant Environmental Impacts

Not all discretionary public agency decisions trigger CEQA's requirements; instead, the
second major trigger for CEQA's information-disclosure and mitigation obligations is a potentially
significant environmental impact.!30 Projects causing increased GHG emissions create that potential.
Each project’s individual contribution exacerbates climate change and leaves California further
from achieving the state’s declared emissions-reduction goals, and the collective result of those
contributions, in combination with other emissions worldwide, is a classic example-perhaps the
quintessential example-of the oft-repeated CEQA maxim “that environmental damage often
occurs incrementally from a variety of small sources.” 181

Individual GHG-emitting projects clearly contribute to climate change.‘ While no
individual project can claim more than a relatively small share of responsibility for the overall
consequences, every GHG-emitting project does increase the problem; there is no inconsequential
time or location for GHG emissions to occur.!32 Although those individual contributions might
seem inconsequential if isolated and unique, CEQA precludes agencies from dismissing them as
de minimis. The California courts have specifically rejected a de minimis exemption to CEQA's
cumulative impact requirements, instead cautioning that “the greater the existing environmental
problems are, the lower the threshold should be for treating a project’s contribution to cumulative
impacts as significant.” 133 While emissions of conventional air pollutants may be treated as
insigni.ﬁcant where those emissions comply with applicable plans for attaining regio‘nal air
quality goals,!3% no such plans presently exist for greenhouse gases, and California has

established no safe threshold for greenhouse gas emissions.135 Instead, California’s

130 14 Cal. Code Regs. § 15130(b)(5). Subsection 15130(e), however, states that for certain types of projects, an EIR
need not address impacts previously addressed in a prior EIR.

131 Communities Jor a Better Environment v. California Resources Agency, 108 Cal. App. 4th 98, 114 (2002); see id. at
120 (observing that to exempt small contributions to big problems “contravenes the very concept of cumulative
impacts”). '

132 Gee supra note 26; see also Mass. v. EP4, 127 S. Ct. 1438, 1457-58 (2007) (rejecting EPA's argument that its contributions to
climate change are insufficient to confer standing).

133 See Communities Jor a Better Environment, 108 Cal. App 4th at 116-21.

134 See 14 Cal. Code Regs. § 15064(h)(3).

135 In a recent white paper discussing methods for addressing climate change in CEQA review, the Association of
Environmental Planners suggests that “[i]t can easily be argued that proposed projects that implement all
appropriate actions listed in the emissions reductions strategies relevant to the proposed project would have a less
than significant impact to global climate change;” the planners argue against a no-net-emissions increase
approach. MICHAEL HENDRIX ET AL, RECOMMENDATIONS BY THE ASSOCIATION OF ENVIRONMENTAL
PLANNERS (AEP) ON HOW TO ANALYZE GREENHOUSE GAS EMISSIONS AND GLOBAL CLIMATE
CHANGE IN CEQA DOCUMENTS 9-10 (2007) (referring to recommended actions in CALIFORNIA
ENVIRONMENTAL PROTECTION AGENCY, supra note 2). The California EPA report does contain many
useful ideas for reducing projects’ GHG emissions, and is a useful resource for agencies or activists seeking ways
to reduce carbon footprints. But the planners’ proposed approach cannot pass legal muster, for the California
EPA report provides a set of possible, and often partially-formed or vaguely described, approaches to emissions
reductions, not specific design or performance standards against which performance might feasibly be measured.
In addition, the report does not assert, and could not assert, that implementing all of its proposed measures will
reduce California’s levels to insignificant levels; instead, it projects that those emissions could be reduced to levels
consistent with the Governor’s 2020 targets, yet experts project that far greater reductions are necessary. See
supra note 73 and accompanying text.
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significant environmental impacts.

acknowledged and urgent need for drastic reductions in GHG emissions vitiates any argumernt
that an ihcremental increase, unless tiny enough to be essentially immeasurable,!36 is insignificant.
Even seemingly small increases are fundamentally inconsistent with the need, repeatedly
acknowledged by both the Legislature and the Governor, to cut emissions; and by pushing
California further from its stated goals, every increase necessitates increased cuts in other
GHG-emitting activities. 137

The aggregate environmental effects of greenhouse gas emissions clearly are significant.
Greenhouse gases pose an extraordinary environmental threat, with the potential to harm multiple
ecosystems, badly damage resource-dependant economies, and diminish the health and safety of
millions of people in California and elsewhere.!138 The California Legislature and Governor have
repeatedly acknowledged the severity of the danger, describing climate change as “a serious
threat to the economic well-bveing, public health, natural resources, and the environment of
California.”'39 And while California may face particularly acute threats, its likely burdens are by
no means unique.'40 Both within and outside California’s borders, climate change will create highly
| 141 '

CEQA decisions addressing analogous environmental threats support treating contributions
to .GHG emissions as significant impacts. In Kings County Farm Bureau v. City of Hanford, a
seminal cumulative impacts case, the respondent city had approved a power plant project that
would emit ozone precursors.142 That plant’s contributions would have had little effect in
isolation, and represented only a small percentage of regional emissions, and the project
proponent argued that those emissions therefore could not be significant.1*3  The court disagreed.
Noting that the small contribution would affect an area already suffering from excess air pollution,
the court required the.city to assess whether, given that regional context, the project’s increased

emissions would contribute to a significant environmental impact.1#* “The relevant question to

136 Communities for a Better Environment, 108 Cal. App 4th at 120 (“the ‘one-[additional]-molecule’ rule is not the
law”) (brackets in original; quoting REMY ET AL., supra note 100, at 476-78). Neither Kings County Farm Bureau
nor Communities for a Better Environment explains how exactly an agency should draw the line between a project
contributing one molecule to a larger problem - which contribution presumably would not constitute a significant
impact - and a project contributing a cumulatively considerable amount. However, Communaties for a Better
Environment's rejection of a de minimis exception, along with the basic CEQA principle that the act should be
interpreted to maximize environmental protection, suggests that the threshold is extremely low, particularly
where the emission exacerbates non-compliance with emissions-reduction goals and the ultimate problem is vast.

137 Executive Order S-3-05, supra note 58; Cal. Health and Safety Code §§ 38592(a)

138 gee OUR CHANGING CLIMATE, supra note 2.

139 Cal. Health and Safety Code § 38501. _

140 §¢¢ IPCC, THE PHYSICAL SCIENCE BASIS, supra note 3, at 12-18.

141 12

1492 Kings County Farm Bureau v. Hanford, 221 Cal. App. 3d 692, 718-24 (1990).

143 14 at 718 (“The DEIR concludes the project’s contributions to ozone levels in the area would be immeasurable
and, therefore, insignificant because the plant would emit relatively minor amounts of precursors compared to the
total volume of precursors emitted in Kings County.”); id. at 719.

144 14 at 722 (“We find the analysis used in the EIR and urged by GWF avoids analyzing the severity of the problem
and allows the approval of projects which, when taken in isolation, appear insignificant, but when viewed together,
appear startling.... the standard for a cumulative impacts analysis is defined by the use of the term ‘collectively
significant™). '
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be addressed in the EIR,” it held, “is not the relative amount of precursors emitted by the project .

when compared with preexisting emissions, but whether any additional amount of precursor
emissions should be considered significant in light of the serious nature of the ozone problems
in this air basin."1*5  That reasoning is similarly applicable to climate change. Much as regional
air quality problems derive from the small contributions of a large number of sources-none of
which in isolation would seem important, and most of which would seem small in comparison to
the overall scope of the problem-climate change derives from the individually minor contributions of
thousands of projects and actions worldwide, all of which collectively create major consequences.

In addition to being legally mandated, discussing contributions to climate change should
prove manageable. Attributing ultimate environmental outcomes solely to a specific project’s
emissions generally will be impossible, but the basic premise of a cumulative impacts analysis is
that collective, not individual, effects matter,146 and describing individual emissions and collective
effects is a straightforward task. Ample guidance already exists for projecting an individual
project's GHG emissions.!*7 Likewise, ample and feliable documentation of collective effects
already exists.l‘*sl Numerous studies, both from California state agencies and from international
scientific bodies, describe the anticipated consequences of global GHG emissions, and those
studies can easily be quoted or summarized in CEQA-required reports.149

C. GHG Emissions and Avoidance or Mitigation

Because government projects and decisions measurably contribute to the GHG emissions

 that drive climate change, and because those emissions’ cumulative environmental impacts are
significant, any CEQA study must also discuss ways to avoid or mitigate the project’s contributions

to those impacts. Unless those measures are infeasible, no CEQA-regulated project may be

145 1d. at 718.

146 See id. at 722; see also National Steel Corp. v. Gorsuch, 700 F.2d 814, 323-24 (6th Cir. 1983) (observing, in a case
addressing conventional air pollutants’ contributions to non-attainment of air quality standards, that “[tThe fact
that there is insufficient technical knowledge to determine the precise degree to which each source contributes to
nonattainment does not require that the EPA be prohibited from acting with regard to all sources.”) In accordance with
those principles, a legally adequate discussion of a project’s potential climate change contributions could simply
discuss (1) the project’s projected GHG emissions; (2) the predicted environmental consequences of those
emissions in combination with other similar emission worldwide (a discussion that could be largely adopted
from reports issued by the IPCC, the California Climate Change Center, and others); and (3) ways of avoiding or
mitigating those project-specific emissions. Describing exactly how much sea level rise or how many storms
would be attributable to the specific project would be neither feasible nor useful, and CEQA does not require such
discussion. :

147 e US. Envtl. Prot. Agency, State Inventory Guidance, at hitp:/ /wunw.epa gov/ climatechange/ emissions/state e_guidance himl |

(describing various resources for estimating GHG emissions) (last checked February 20, 2007); U.S. Envtl. Prot.
Agency, Personal Emissions Calculator, at hitp://wuww.epa.gov/climatechange/emissions/ ind_calculator html (providing
on-line calculator for individual impacts) (last checked September 15, 2007); see also Planning and Conservation
League v. Dept. of Water Resources, 83 Cal. App. 4th 892, 919 (2000) (“CEQA does compel reasonable forecasting”).
Compliance demonstrations for the Clean Air Act are based largely on emissions budgets that state and local
agencies develop by predicting the likely emissions from individual projects. See 42 US.C. § 7502(c)(4).

148 Compare 14 Cal. Code Regs. §§ 15144-45 (stating that agencies need not “foresee[] the unforeseeable or address
matters “too speculative for evaluation”). As described in detail in the numerous reports cited herein, the connections
between GHG emissions and climate change are no longer unforeseeable or speculative.

149 See, e.g, OUR CHANGING CLIMATE, supra note 2; IPCC, THE PHYSICAL SCIENCE BASIS, supra note $;
CAL. ENVTL. PROT. AGENCY, supra note 2.

16.20

T T T




|

approved without such avoidance or mitigation measures.!> For many CEQA-regulated.
projects, measures feasibly capable of reducing or eliminating GHG emissions likely exist, and
thosé measures may be both affordable and capable of generatmg collateral environmental and
economic benefits.
1. Project Alternatives

For many proposed projects, functionally similar alternatives can vastly reduce GHG
emissions. Renewable power sources, for example, provide alternatives to constructing fossil fuel
power plants. Conétructing transit systems often provides a lower-emissions alternative to
constructing new roads. Rather than building new water delivery projects, which tend to
consume huge amounts of energy, project proponents could implement water use efﬁéiency
programs, either within their own supply areas or in areas sharing common water sources.1?!
[nstead of breaking new ground and building new housing in undeveloped areas, local
governments could limit their land use approvals to infill development projects, which tend to
require substantially less energy-intensive infrastructure and result in fewer indirect GHG
emissions. 152 lSuch alternatives won’t always be feasible-some projects may unavoidably need to
be located in-a particular place-and often environmentally-beneficial alternatives will still create
some GHG emissions, but alternatives capable of substantially reducing GHG emissions will
fairly often be available.

2. On-Site Mitigation

Even if no alternative is capable of avoiding a project’s emissions, on-site measures often are
capable of substantially mitigating greenhouse gas emissions. For example, developers can use
green-building technology and renewable power systems, and build housing with ready transit
access and internal or nearby options for grocery shopping and recreation, reducing their
projects’ energy footprint.13 A variety of measures, ranging from reliance on recycled water
for outdoor irrigation to utilization of water-conserving technologies and tiered pricing, can
significantly reduce the amount of energy required to transport, distribute, heat, and dispose

of water.15% Highways, if necessary, can include HOV lanes. Dairy farms and landfills can be

150 yf mitigation is not available, and significant impacts remain, the lead agency must provide a statement explaining
why “overriding... benefits” justify proceeding with the project. See Cal. Pub. Res. Code § 21081(b).

151 See, g, ENERGY DOWN THE DRAIN, supra note 127, at 34 (describing the costs and benefits of alternative
methods of boosting San Diego’s water supplies).

152 Many air pollution control districts already publish guidelines for development patterns that minimize emissions of
other pollutants, and the same principles can help minimize GHG emissions. See, eg., San Luis Obispo County Air
Pollution Control District, Residential Design Considerations, available at
http://wunwslocleanair.org/business/pdf/ residential%20flyerpdf (last checked September 15, 2007); SOLANO
TRANSPORTATION AUTH. ET AL, TRANSPORTATION AND LAND USE TOOLKIT (2003), available at
hitp.//wwwysagmd.org/planning-info.php.

153 Se¢ San Luis Obispo County Air Pollution Contro! District, supra note 152; SOLANO TRANSPORTATION

AUTH. ET AL, supra note 152.

154 See ENERGY DOWN THE DRAIN, supra note 127 {describing measures capable of reducing water use, and
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constructed with methane-recovery technologies.!55 These examples provide only a partial
sampling, and as efforts toward GHG management intensify, an increasing variety of mitigation
measures will likely become available.

3. Off-Site Mitigation

‘Sometimes neither project alternatives nor on-site mitigation measures will be capable of
fully avoiding GHG emissions.15¢ But evén for those projects, off-site mitigation should allow
projects to avoid contributing to GHG emissions. The primary available method is generally
known as emissions trading. | \

The concept behind emissions trading is fairly straightforward. To compensate for increased
emissions resulting from its project, a project proponent can either reduce its own emissions
elsewhere; pay some other entity to commensurately reduce emissions; or undertake or fund actions
that will permanently sequester an equivalent amount of carbon.157 For example, a municipality
approving a housing development that unavoidably will contribute tons of carbon each year might
implement a city-wide energy efficiency program creating equivalent reductions in carbon emissions.
The compensation need not be exactly in kind; for example, the emissions deriving from a new
transportation project might be offset by funding the conversion of abandoned agricultural land to a
permanent forest. 158

If well-designed and transparent, emissions trades can fulfill CEQA's mitigation -requirements.

Using offsets-purchasing conservation easements as partial mitigation for conversion of farmlands

or habitat, for example, or constructing new wetlands to compensate for wetlands destroyed-already
is a common mitigation practice, and agencies often mitigate project impacts by contributing fees to
regional mitigation programs.!59 Likewise, in some areas with deficient air quality new projects
must offset emissions by purchasing reduction credits from existing sources.!%  Such approaches
have legal limitations; a “commitment to pay fees without any evidence that mitigation will actually

occur is inadequate” under CEQA, and fictitious or non-verifiable offsets therefore cannot constitute

155 See United States Environmental Protection Agency, Methane, at http://wunnepa.gov/methane/projections.html (last
checked September 15, 2007). :

156 Even projects widely viewed as otherwise socially and environmentally desirable-installing infill or low income
housing, for example, or operating water-recycling facilities, or developing transit systems-still create GHG emissions,
unless those projects are able to purchase their energy from sustainable sources. On-site mitigation measures can and
should be used to reduce those emissions, but rarely will those measures eliminate emissions entirely.

157 See The Climate Trust, About Offsets, at hitp:// wunuclimatetrust.org/about_offSets.php (last checked September 15, 2007).

158 See, eg, 1d. v

159 $4¢ 14 Cal. Code Regs. § 15130(a)(8) (allowing this practice).

160 £.g, Berkeley Keep Jets over the Bay Com. v. Board of Port Commissioners, 91 Cal. App. 4th 1344, 1365 (2001)
(referring to this technique); Kings County Farm Bureau v. City of Hanford, 221 Cal. App. 3d 692, 713 (1990) (same).
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| emissions, purch'asing offsets generally will be feasible; such offsets already are available.162

proper mitigation.!81  But so long as the reality of reductions or sequestration is rigorously

verifiable, emissions trades should pass legal muster. Emissions trades also can facilitate mitigation
that otherwise would not occur. While CEQA lead agencies sometimes may plausibly assert that

off-site alternatives or on-site measures simply aren’t capable of fully mitigating a project’s

Similarly, while project proponents might often argue that projects’ climate change contributions

are too small to justify full-scale environmental review or to necessitate alternatives or on-site

mitigation methods, trading creates a correspondingly non-intrusive method for mitigating minor
emissions. If a project’s emissions contributions really are small, so too will be the cost of
offsets, and de minzmis arguments should provide no policy rationale for avoiding the mitigation
measures that established CEQA rules require.163 Trades thus can facilitate emissions
reductions that agencies otherwise /might not implement.

| CONCLUSION

In coming years, local, state, and national governments will likely‘ta!(e many steps to

regulate GHG emissions and reduce climate change. Those actions are indispensablé; if we are
to address this challenge, we have no choice but to develop new legal regi_mes and regulatory
approaches. But the mandates of existing law also can help. The core principles of CEQA

already require California’s public agencies to evaluate and take steps toward addressing climate

_change._Compliance with those mandates.can-move the state-and, potentially, the nation- and-the -

world-toward resolving one of the most pressing environmental problems of our era.

‘This legal memo will be published in the Columbia Journal of Environmental Law in 2008.

161 City of Marina v. Board of Trustees of California State University, 39 Cal. 4th 841, 865 (2006). For a critique of
offsets, and an explanation of the transparency and verifiability problems poorly-designed offset programs can
present, see TONY DUTZIK AND ROB SARGENT, STOPPING GLOBAL WARMING BEGINS AT HOME:
THE CASE AGAINST THE USE OF OFFSETS IN A REGIONAL POWER SECTOR CAP-AND-TRADE
PROGRAM 9-11 (2004). See also Fiona Harvey and Stephen Fidler, Industry Caught in Carbon ‘Smokescreen,
FINANCIAL TIMES, April 25, 2007, at http://wunuft.com/cms/s/48e384ce-f355-11db-9845-000b5df10621 html.

162 gpp eg., The Climate Trust, at http:// ‘www climatetrust.org/index.php (last checked September 15, 2007); The Climate
Exchange, The Carbon Counter, at wnww.carboncounter.org, A New Approach to Global Warming, THE ECONOMIST,
Oct. 17, 2002 (describing the Chicago Climate Exchange); Jeff Goodell, Capital Pollution Solution?, NEW YORK
TIMES, July 80, 2006 (discussing the Chicago Climate Exchange, and also describing the reservations of some of its
critics). '

163 Spp Communities for a Better Environment v. Caltfornia Resources Agency, 108 Cal. App. 4th 98, 116-21 (2002)

(rejecting a de minimis exception to CEQA's cumulative impacts requirements). Offsets thus could allow agencies
pursuing low-emissions projects to avoid the expense of preparing an EIR. Rather than arguing, probably unsuccessfully,
that their emissions are insignificant, those agencies could offset their contribution and thus proceed under a mitigated
negative declaration.
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AQuitiondl omdle resources/ environmentat gateway pages:

Planning arld COnservatio'n League: attp://www.pclorg/
| Planning an'd Conservation League Foundation: /zttp:'//www.pclfoundation.org/
National Wildiife Federation: http://wrwwnauforg/
National Environmental Trust: hitp:/ /www.net.org/
U S Fish and Wildlife Service: http /S www.fuws. gav/

National Env1ronmental Pohcy Act (NEPA): Attp.//wuww. law mduma edu/envdec/a.html
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Cahforma Resources Agency: http://resources.ca.gov/" - ‘
California Department of Fish and Game: /zttp //wuww. afgca gov/ 3 *
California Natural Diversity Database: http:/wurw.dfg.ca.gov/ bdb/html/alddb.htr'r.zl.
Information Center for the Environment (UC Davisjz http://ice.ucdavis.edu/ B

| CEQAnet database: http//ununuceqanet.cagov/ - |

| Intergovernmental Panel on Climate Change:‘ http://www.ipce.ch/

U.S. EPA Climate Change: e/ fararepa gou/ cimatechange/

Pew Center on Global Climate Change: Attp://www.pewclimate.org/

California Climate change Portal: http://wurnuclimatechange.ca gov/indez html

California Climate Actlon Team and Climate Change Initiative:
/zttj) //www. climatechange.ca. gov/climate_action_team/index.html

California Air Resources Climate Change: htfp:// www.arb.ca.gov/cc/cc.htm

California Air Resources Board Climate Change Program for Mobile Sources:
hitp://wuww. arb ca.gov/cc/ccms/ccms.htm

~ California Energy Commission Climate Change Proceedings:
http://www.energy.ca.gov/global_climate_change/

California Climate Action Registry: http://wuww.climateregustry.org/ Dej’ault.aspx?rgﬁeshédztrue

Our Changing Climate: Assessing the Risks to California - Summary-Report
California Climate Change Center: ‘ '
http:/ /www.energy.ca.gov/2006publications/CEC-500-2006-077/CEC-500-2006-077.PDF

Progress on Incorporating Climate Change into Management of California’s Water Resources
California Department of Water Resources:

' http://baydeltaoffice.water.ca.gov/climatechange/. DWRClzmateChang&fulyOG paf

" Inventory of Cahforma Greenhouse Gas Emissions and Sinks 1990-2004 California Energy -
Commission:

http:// s climatechange.ca. gov/ ‘policies/greenhouse_gas_inventory/ znde.r html
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Order online: www.ceb.com.

EvHar GUPPULCULULEERIL VT DLl T Ioposdl negaraing reaucton ot Greenhouse Gas
Emissions from Motor Vehicles - Climate Change Overview (2004) California Air Resources
Board: '

hitp://www.arb.ca. gov/cc/factsheets/. support_ccoverview.pdf

Guidebook for Implementation of Senate Bill 610 and Senate Bill 221 of 2001:
hitp:// www.owue water.ca.gov/ Guidebook.pdf '

CEQA net database: /zttp://wwwceqanet.ca.gov/

Publications about CEQA

Guide to the California Environmental Quality Act

By Tina A. Thomas, James G. Moose, and Whitman F Manley

(2006 [Eleventh] edition Solano Press) Single soft bound volume. o
This is a very complete review of CEQA and includes a listing of the major CEQA cases, and -
useful index to topics covered in this book. The 2006 edition costs $85 plus tax, shipping and
handlings. To order call Solano Press at (800) 931-9873. Solano press is also on the Internet at:0
http://www.solano.com email address: spbooks@solano.com.

Practice Under the California Environmental Quality Act

By Stephen Kostka and Michael Zischke 2-volume loose leaf

This is also a very complete review of CEQA and includes the statute, Guidelines, and an index.
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Warming
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An Inconvenient Truth - The Planetary Emergency of Global Warming and What We Can Do
About It '
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18.3




Model Projections of an Imminent Transition to a More Arid Climate in
Southwestern North America |
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'Lamont Doherty Earth Observatory of Columbia University, Palisades, NY, USA. 2NOAA Geophysical Fluid Dynamics .-

Laboratory, Princeton, NJ, USA. *Program in Atmospheric and Oceanic Sciences, Department of Geosciences, Princeton
University, Princeton, NJ, USA. “National Center for Atmospheric Research, Boulder, CO, USA. 5Tel Aviv University, Tel
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How anthropogenic climate change will impact
hydroclimate in the arid regions of Southwestern North .
America has implications for the allocation of water
resources and the course of regional development. Here

" we show that there is 2 broad consensus amongst climate
models that this region will dry significantly in the 21st
century and that the transition to a more arid climate
should already be underway. If these models are correct,
the levels of aridity of the recent multiyear drought, or the
Dust Bowl and 1950s droughts, will, within the coming
years to decades, become the new climatology of the
American Southwest. :

 The Third Assessment Report of the Intergovernmental Panel
on Climate Change (IPCC) reported that the average of all the
participating models showed a general decrease in rainfall in

the subtropics during the 21st century although there was also

considerable disagreement amongst the models (7).
Subtropical drying accompanying rising CO is also found in
the models participating in the second Coupled Model
Intercomparison Project (2). Here we examine future
subtropical drying by analyzing the time history of
precipitation in 19 climate models participating in the Fourth
Assessment Report (AR4) of the [PCC (3). The future climate
projections followed the A 1B emissions scenario (4) in which
CO; emissions increase until about 2050 and decrease
modestly thereafter leading to a CO, concentration of 720
ppm in 2100. We also analyzed the simulations by these
models of the 1860—2000 period in which the models were
forced by the known history of trace gases and, with some
variation amongst the models, estimated changes of solar
irradiance, volcanic and anthropogenic aerosols and land use.
These simulations provide initial conditions for the 21st
century climate projections. For each model, climatologies
were computed over the 1950-2000 period by averaging over
all the simulations available for each model. All climate
_changes shown are departures from this climatology.
We define an area (shown as a box on Fig. 4) called “The
Southwest' including all land between 125°W and 95'W and
25'N and 40'N that incorporates the southwestern United

States and parts of northern Mexico . Fig. 1 shows the
modeled history and future of the annual mean precipitation
minus evaporation (P-E) averaged over this region for the
period common to all the models, 1900-2098. The fnedian,
25th and 75th percentiles of the model P-E distribution and
the'median of P and E are shown. For cases in which there
were multiple simulations with a single model these were .
averaged together before computing the distribution. P~E
equals the moisture convergence by the atmospheric flow
and, over land, the amount of water that goes into runoff.
In the multi-model ensemble mean there is a transition to a

_ sustained drier climate that begins in the late 20th and early- .

21st centuries. In the ensemble mean both P and E decrease
but the former by a larger amount. P—£ primarily reduces in
w'ujter when P reduces and £ is unchanged or modestly
increased while in summer both P and £ decrease (not
shown). The annual mean reduction in P for this region,
calculated from rain gauge data within the Global Historical
Climatology Network, was 0.09 mm/day between 1932 and
1939 (the Dust Bowl drought) and 0.13 mm/day between
1948 and 1957 (the 1950s Southwest drought). The ensemble
median reduction in P that drives the reduction in P—-E
reaches 0.1 mm/day in mid-century and one quarter of the
models reach this in the early part of the current century.
Figure 2 shows for the 19 models the annual mean P~-E
difference between 20 year periods in the 21st century and the
model's 1950-2000 climatology. Almost all models have a
drying trend in the American Southwest and consistently so
throughout the century. Only one of the 19 models has a trend
to a wetter climate. Of the total of 49 individual projections
conducted with the 19 models, even as early as the 2021 to
2040 period, only 3 show a shift to a wetter climate.
Examples of modeled history and future precipitation for

_single simulations of four individual models are shown in Fig.

3 and provide an idea of potential trajectories towards the
more arid climate. '

Figure 4 shows (contours, all panels) a map of the change
in P—~E for the decades between 2021 and 2040 minus the
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1950-2000 period for one of the IPCC models: the
Geophysical Fluid Dynamics Laboratory climate model
CM2.1 (5). In general, large regions of the relatively dry
subtropics dry further while wetter higher latitude regions
become wetter still. In addition to the American Southwest,
the Southem Europe-Mediterranean-Middle East region also
experiences a severe drying. This pattern of subtropical.
'drying and moistening at higher Iatitudes is a robust feature of
current projections with different models of future climate

(6).

atmospheric moisture convergence, viz.:
p&3P-D=—( [ V- @dp+ [ V-G 0

Overbars indicate monthly means and primes departures.from
the monthly mean, p, is the density of water. The change in.
moisture convergence can be divided into contributions from
the 'mean flow' and from 'eddies'. In the former the
atmospheric flow (&) and the moisture () are averaged

over a month before computing the moisture transport, while
the latter is primarily associated with the highly variable wind
(¥') and moisture (¢') fields within storm systems. The
moisture convergence is integrated over pressure (p) from the
top of the atmosphere (p = 0) to the surface (p;). The mean
wind and humidity fields in Eq. 1 can be taken to be their
climatological fields. (The rectification of interannual

- variability in the monthly mean flow and moisture fields is
found to be negligible.) Changes in the mean flow ’
contribution can, in turn, be approximated by one part
associated with the 19502000 climatological circulation
(up) operating on'the i increase in climatological atmospheric

humidity (89 , a consequence of atmospheric warming) and

another part due to the change in circulation climatology
(8u) operating on the 1950-2000 atmospheric humidity

_climatology (gP) . The nonlinear term involving changes in

both the mean flow and moisture field is found to be
relatively small (not shown). Hence Eq. 1 can be
approximated by:

P.88(P~E)~=["V(7,6T+T,57)dp

—_— ‘ 2
~s ["v-@'q)ap
We therefore think in terms of a three-fold decomposition of
P-E, as displayed in Fig. 4 (colors) for the GFDL CM2.1
model: a contribution from the change in mean circulation, a
contribution from the change in mean humidity, and a
contribution from eddies.

The mean flow convergence term involving only changes
in humidity (Fig. 4B) causes increasing P-E in regions of low
level mean mass convergence and decreasing P-E in regions
of low level mean mass divergence, generally intensifying the

The change (8) in P~E (in my/s) is balanced by a change in _

~ convergence.even in the absence.of changes in humidity._(Fig.

existing pattern of P-E (6). This term helps explain much of
the reduction in P~E over the subtropical oceans where there
is strong evaporation, atmospheric moisture divergence and
low precipitation (6). Over land areas, in general, there is no
infinite surface water source and P~£ has to be positive and
sustained by atmospheric moisture convergence. Over the
American Southwest, in the current climate, it is the time
varying flow that sustains most of the positive P~E while the
mean flow diverges moisture away. Here, the ‘humidity
contribution’ leads to reduced P-£ as the moisture divergence
by the mean flow increases with rising humidity. Over the
Mediterranean region there is mean moisture divergence and

-again rising humidity leads to increased mean moxsture

divergence and reduced P-E.

Over the ocean the contribution of humxdlty changes to
changes in P-E can be closely approximated by assuming
that the relative humidity remains fixed at its 1950-2000
values (6). Over almost all land areas, and especially over
those that have reduced P-E, the relative humidity decreases
in the early 21st century. This is because, unlike over the
ocean, evaporation cannot keep pace with the rising
saturation humidity of the warming atmosphere. Over land
the humidity contribution to the change in P-E is distinct
from that associated with fixed relative humidity.

Decreases in P-E can also be sustained by changes in
atmospheric circulation that alter the mean moisture

4A). This 'mean circulation contribution' leads to reduced
P~£ at the northern edge of the subtropics (e.g. the
Mediterranean region, the Pacific and Atlantic around 30°'N
and parts of southwestern North America). The change in
moisture convergence by the transient eddies (Fig. 4C) dries
southern Europe and the subtropical Atlantic and moistens the

" higher latitude Atlantic but does not have a coherent and large

impact over North America.

A significant portion of the mean circulation contnbutxon
especially in winter, can be accounted for by the change in
zonal mean flow alone (not shown), indicating that changes in
the Hadley Cell and the extratropical mean meridional
circulation are important. In summary, increases in humidity
and mean moisture divergence, changes in atmospheric
circulation and intensification of eddy moisture divergence,
cause drying in the subtropics, including over western North
America and the Mediterranean region. For the Southwest
region, the annual mean P—E reduces by 0.086 mm/day
which is largely accounted for by an increase in the mean
flow moisture divergence. Changes in the circulation alone
contribute 0.095 mm/day of drying and changes in the
humidity alone contribute 0.032 mm/day. This is modestly
offset by an increased transient eddy moisture convergence of
0.019 mm/day (7).
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Within models the poleward edge of the Hadley Cell and
the mid-latitude westerlies move poleward during the 21st
century (8—10). The descending branch of the Hadley Cell
causes aridity and hence the subtropical dry zones expand
poleward. In models, a poleward circulation shift can be
forced by rising tropical SSTs in the Indo-Pacific region (/1)
and by uniform surface warming (/2). The latter results are
relevant because the spatial pattern of surface warming in the
AR4 models is quite uniform away from the poles. One

explanation (13, 14).is that rising tropospheric static stability,

an established consequence of moist thermodynamics,
stabilizes the subtropical jet streams at the. poleward flank of
the Hadley Cell to baroclinic instability. Consequently the
Hadley Cell extends poleward, increasing the vertical wind
shear at its edge, to a néw latitude where the shear
successfully compensates for the suppression of barochmc
instability by rising static stability,

While increasing stability is likely to be a mgmﬁcant
component of the final explanation, a fully satisfying theory
for the poleward shift of the zonal mean atmospheric
circulation in a warming world must account for the complex
interplay between the mean circulation (Hadley Cell and the
mid-latitude Ferrell Cell) and the transient eddies (13, /4) that
will determine where precipitation will increase and decrease
in the future. However not all of the subtropical drying in the

Southwest and Mediterranean region can be accounted for by

zonally sy_mmét'ric processes and a full explanation will
require attention to moisture transport within localized storm
tracks and stationary waves. :

The six severe, multiyear, droughts that have struck
western North America in the instrumental record have all
been attributed, using climate models, to variations of sea
surface temperatures (SSTs) in the tropics, particularly
persistent La Nifia-like SSTs in the tropical Pacific Ocean
(15-19). The future climate of intensified aridity in the
Southwest is caused by different processes since the models
vary in their tropical SST response to anthropogenic forcing.
Instead it is caused by rising humidity that causes increased
moisture divergence and changes in atmospheric circulation
cells that include a poleward expansion of the subtropical dry
zones. The drying of subtropical land areas that, according to
the models is imminent or already underway, is unlike any
climate state we have seen in the instrumental record. It is
also distinct from the multidecadal megadroughts that

_ afflicted the American Southwest during Medieval times (20-
22) which have also been attributed to changes in tropical
SSTs (18, 23). The most severe future droughts will still

* occur during persistent La Nifia events but they will be worse
than any since the Medieval period because the La Nifia
conditions will be perturbing a base state that is drier than any
-experienced recently (25).
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Fig. 1: Modeled changes in annual mean precipitation minus
evaporatlon over the American Southwest (125 W~95" w,
25°N-40'N, land areas only) averaged over ensemble -
members for each of the 19 models. The historical period
used known and estimated climate forcings and the

- projections used the SResA 1B emissions scenario. Shown are
the median (red line) and 25th and 75th percentiles (pink
shading) of the P—£ distribution amongst the 19 models, and
the ensemble medians of P (blue line) and £ (green line) for
the period common to all models (1900 to 2098). Anomalies
for each model are relative to that model's climatology for
1950-2000. Results have been six year low pass Butterworth
filtered to emphasize low frequency variability that is of most
consequence for water resources. Units are in mm/day. The
model ensemble mean A-£ in this regjon is around 0.3
mm/day. :

Fig, 2: The change in annual mean P—F over the American
Southwest (125'W-95"W, 25"N—40°N, land areas only) for 19
models relative to model climatologies for 1950-2000.
Results are averaged over twenty year segments of the current
century. The number of ensemble members for the
projections are listed by the model name at left. Black dots
represent ensemble members, where available, and red dots
represent the ensemble mean for each model. Units are in
mm/day.

Fig. 3: The change in annual mean P—E over the American
Southwest (125'W-95"W, 25'N—40°N, land areas only) for
four coupled models relative to model ensemble mean
climatologies for 1950-2000. The results are from individual
simulations of the 1860 to 2000 period forced by known and
estimated climate forcings and individual projections of
future climate using the SResA 1B scenarios of climate
forcings. Since the modeled anomalies have not been
averaged together here these time series provide an idea of
plausible evolutions of Southwest climate towards a more
arid state. The models are the National Center for
~Atmospheric Research Community Climate System Model,
Geophysical Fluid Dynamics Laboratory model CM2.1, Max
Planck Institut Fiir Meteorologie model ECHAMS and

Hadley Centre for Climate Change model HadCM3. All time
series are for annual mean data and a six year low pass
Butterworth filter has been applied. Units are in mm/day.

Fig. 4: The change in annual means of P~E for 20212040
minus 19502000 (all panels, contours) and contributions to
the change in vertically integrated moisture convergence
(colors, negative values imply increased moisture divergence)
by the mean flow due to changes in the flow (top), the:

- specific humxdlty (middie) and the transient eddy. moisture

convergence (bottom); all- for. the GFDL CM2.1 model. The
box shows the area we define-as. the “Southwest.””
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LAMONT-DOHERTY EARTH OBSERVATORY
THE EARTH INSTITUTE AT COLUMBIA UNIVERSITY

Take home lessons:

1. Southwestern North America and
other subtropical regions are
going to become increasingly arid
as a consequence of rising
greenhouse gases.

An imminent transition to a more arid climate in
southwestern North America

Richard Seager
Lamont-Doherty Earth Observatory of Columbia University 2. The transition to a drier climate
should already be underway and
will become well established in
the coming years to decades, akin
to permanent drought conditions.

3. This is a robust result in climate
model projections that has its
source in well represented
changes in the atmospheric
hydrological cycle related to both
rising humidity in a warmer
atmosphere and poleward shifts
of atmospheric circulation
features.

Low water at Lake Powell (April 2003.

Farley Canyon), photo by Eric Nyre, Canoe
Colorado.

Projections of anthropogenic climate change conducted by nineteen different climate modeling groups
around the world, using different climate models, show widespread agreement that Southwestern North
America - and the subtropics in general - are on a trajectory to a climate even more arid than now.
According to the models, human-induced aridification becomes marked early in the current century. In
the Southwest the levels of aridity seen in the 1950s multiyear drought, or the 1930s Dust Bowl, become
the new climatology by mid-century: a perpetual drought. A PDF of the complete article (Seager et.al,
2007) can be downloaded from Science Express.

Mechanisms of Southwest and subtropical drying

Drying of the Southwest and the subtropics are caused by large scale changes in the atmospheric branch of the
hydrological cycle. There are two aspects of this:

1. The subtropics are already dry because the mean flow of the atmosphere moves moisture out of these
regions whereas the deep tropics and the higher latitudes are wet because the atmosphere converges
moisture into those regions. As air warms it can hold more moisture and this existing pattern of the
divergence and convergence of water vapor by the atmospheric flow intensifies. This makes dry areas
drier and wet areas wetter.

2. As the planet warms, the Hadley Cell, which links together rising air near the Equator and descending
air in the subtropics, expands poleward. Descending air suppresses precipitation by drying the lower
atmosphere so this process expands the subtropical dry zones. At the same time, and related to this, the
rain-bearing mid-latitude storm tracks also shift poleward. Both changes in atmospheric circulation,
which are not fully understood, cause the poleward flanks of the subtropics to dry.

Besides Southwestern North America other land regions to be hit hard by subtropical drying include southern
Europe, North Africa and the Middle East as well as parts of South America.

Future drying: historical droughts and Medieval megadroughts

The dynamical causes of imminent subtropical drying appear distinct from the causes of historical North
American droughts such as occurred in the 1950s and during the 1930s Dust Bowl. Climate modeling has led
to those being related to small, naturally occurring, changes in tropical Pacific (and, to a lesser extent, tropical
Atlantic) sea surface temperature that also drive a change in atmospheric circulation that places anomalous
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descent over Southwestern North America. See our Drought Research homepage and the page on the Causes
and consequences of the nineteenth century droughts in North America,

The succession of ‘megadroughts' - droughts like the Dust Bowl but which lasted for decades at a time - that
occurred in the West in Medieval times have also been linked to equally persistent La Nina-like conditions in

the tropical Pacific. However it is thought that the Sun was relatively strong at this time and volcanism weak

which both would have resulted in positive radiative forcing of the climate system akin to rising greenhouse

gases today. The differences and similarities of future drying with the Medieval megadroughts, and their

global atmosphere-ocean contexts, needs to be determined. See our page on the North American Medieval

megadroughts,

In contrast to historical droughts, future drying is not linked to any particular pattern of change in sea surface
temperature but seems to be the result of an overall surface warming driven by rising greenhouse gases,
Evidence for this is that subtropical drying occurs in atmosphere models alone when they are subjected to
uniform increases in surface temperature.

Will this really happen and what are the implications?

Imminent drying of the Southwest and subtropics in the models is such a robust result because it does not
depend on poorly understood and highly parameterized parts of the model (such as cloud physics) but instead
arises as a response of the large scale atmospheric dynamics - which we think is quite well represented in
models - to a warming world. Similarly there is little reason to think that the models are wrong to have this
response even if the dynamics involved need to be fully worked out.

Change in P-E (2021-2040 minus 1850-2000)

drier change in P-E (mm/day) wetter
1*_ =L >
-0.3 -0.2 E S [ 01 02 0.

Wriel Trize! projestion tentesnd o= -02.0°T

Change in precipitation (P) minus surface evaporation (E) for the 2021-2040 period minus the average over
1950-2000. Results are averaged over simulations with 19 different climate models. P-E is the net Slux of
water at the surface that, over land, sustains soil moisture, groundwater and river runoff. Figure by N. Naik.

Drying of arid lands in the southwestern United States and northern Mexico will have important consequences
for water resources, regional development and cross border relations and migration. According to the models
the drying should already be underway and, over the length of time it takes to plan significant changes in
water resource engineering and allocation (years to a few decades), will become well established.

How could we tell if this is happening?

I (click on figure to enlarge)
The historical droughts were forced by natural variability of the tropical

atmosphere-ocean system: persistent La Nina-like events in the tropical Pacific with
a warm subtropical North Atlantic sometime playing a supporting role. Future drying
is caused by overall warming. The aspect of the atmospheric circulation common to
both is poleward shifted jet streams and mid-latitude storm tracks. But there are
important differences that may allow identification of whether any drought that
occurs is a naturally occurring one - and can be expected to end - or is anthropogenic
- and can be expected to continue. For example droughts associated with persistent
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http://www.ldeo.columbia.edu/res/div/ocp/drought/science.shtn

La Nina events involve increased heat uptake in the eastern and central equatorial D

Pacific Ocean and, hence, a cool tropical troposphere. The atmospheric dynamical “f
response to this induces warming in the mid-latitudes. In contrast anthropogenic 1%

droughts will go along with warming almost everywhere and a maximum warming in

the upper tropical troposphere. The tropical and subtropical zonal mean zonal winds  — ———-
are, necessarily, also distinct for natural and anthropogenic droughts. These . - y
differences may allow identification of onset of anthropogenic drying. Why La Nina ﬂ iy
events and global warming both induce subtropical drying is an active topic of

research in atmospheric dynamics. Click on the thumbnail on the right for a relevant

W

See also the GFDL Climate Modeling Research Highlight (volume 1, n5): Will the wet ger wetter and the dry
drier?

This work was performed as a collaboration of the scientists at Lamont-Doherty Earth Observatory (R.
Seager, MLF. Ting, Y. Kushnir, H.-P. Huang, J. Velez, C. Li, N. Naik) NOAA Geophysical Fluid
Dynamics Laboratory (LM. Held, G. Vecchi, N.-C. Lau, A. Leetmaa) the National Center for
Atmospheric Research (J. Lu) and Tel-Aviv University (N. Harnik).

Projected Change in Precipitation 1950-2000 to 2021-2040
(Percent of 1950-2000)

-
=

S e e W e W 3 N B O

Projected change in precipitation for the 2021-2040 period minus the average over
1950-2000 as a percent of the 1950-2000 precipitation. Results are averaged over
simulations with 19 different climate models. Figure by G. Vecchi.

References:

e R. Seager, M.F. Ting, LM. Held, Y. Kushnir, J. Lu, G. Vecchi, H.-P. Huang, N. Harnik, A. Leetmaa,
N.-C. Lau, C. Li, J. Velez, N. Naik, 2007. Model Projections of an Imminent Transition to a More Arid
Climate in Southwestern North America. Science, Vol. 316. no. 5828, pp. 1181 - 1184 DOL:
10.1126/science.1139601. PDF
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News Articles:

* "Denial in the Desert” by Mike Davis. The Nation, Tuesday, April 3, 2007.
» "Return of the dust bowl? Climate change set to make the arid southwest even drier” by Daemon
Fairless. news@nature.com, Thursday, April 5, 2007. .
o "Study Sees Drought Trend in 1).S. Southwest". NPR , Friday, April 6, 2007, The Day to Day Program.
o "Southwest May Get Even Hotter. Drier" Washington Post , Friday, April 6, 2007; Page A03,
* And too many others to mention, see the Google news search for Friday Afternoon, April 6, 2006.

Opinions expressed are those of the authors and not necessarily those of their institutions.

Maintained by: “aonn Naik, Lamont-Doherty Earth Observatory of Columbia University
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- Assemblyman Bill Maze

“County of Tulare

-

September 25, 2007
5959 S. Mooney Blvd.

Visalia, CA 93277

Dear Assemblyman Maze:

There is an impending water crisis facing Tulare County and all of California.
This is an ongoing problem, and the situation will only worsen in the coming

~ years.

In September of 2006, the Friant Water Users Authority reached an agreement
that will restore water flows down the San Joaquin River to help sustain a
salmon fishery. This will force a reduction in water to Friant users at an average
of 19% and a maximum of 23%. Fnant contractors include the City of Lindsay,
the City of Orange Cove, and the community of Strathmore, among others. The
City of Fresno receives 40% of its water from the Friant system.

In August 2007, Judge Oliver Wanger reached a decision to reduce pumping in -
the Sacramento-San Joaquin Delta to save an endangered fish; the Delta Smelt.
As a result, water supplies to Northern, Central, and Southern California will be
reduced by 14-35%. An estimated 25 million people statewide use water from

the Delta. The Central Valley, the Bay Area and Los Angeles will be affected
by this ruling. ,

The decreased supply of surface water will lead to more pumping from the
underground aquifers. We are currently in an overdraft situation, and the two
recent lawsuits will further exacerbate this problem. Pumping additional water
can lead to higher levels of contaminants in our residents’ drinking water.

As you can see, the current water situation in Tulare County is in dire need of
assistance. Losing water will affect agriculture and people. Our citizens will be
left with a minimal supply of drinking water, and our farmers will not be-able to
irrigate their crops. Something must be done about this dangerous situation.
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SOURCES OF DATA ON GROUNDWATER IMPACTS THAT HAVE BEEN ATTRIBUTED TO
IRRIGATED AGRICULTURE

Barrow, K.R., Shelton, J.L., and Dubrovsky, N.M., OCCURRENCE OF NITRATE AND
PESTICIDES IN GROUND WATER BENEATH THREE AGRICULTURAL

LAND-USE SETTINGS IN THE EASTERN SAN JOAQUIN VALLEY, CALIFORNIA, 1893-1995
U.S. GEOLOGICAL SURVEY Water-Resources Investigations Report 97-4284

NATIONAL WATER-QUALITY ASSESSMENT PROGRAM.

http://ca.water.usgs.gov/sanj/pub/usgs/wrirg7-4284/wrir97-4284 pdf

Burow, K.R., Pashin, S.Y., Dubrovsky, N.M., Vanbrocklin, D., and Fog, G.E., Evaluation of
Processes Affecting 1,2-Dibromo-3-Chioropropane (DBCP) Concentrations in Ground Water in
the Eastern San Joaquin Valiey, California: Analysis of Chemical Data and Ground- Water Flow
and Transport Simulations Prepared in cooperation with the UNIVERSITY OF CALIFORNIA,
DAVIS, U.S. Geological Survey Water-Resources Investigations Report 99-4059.
http://ca.water.usgs.gov/sanj/pub/usgs/wrir89-4059/wrir99-4059.pdf

~ Shallow Ground-Water Quality Beneath Rice Areas in the Sacramento Valley, California, 1997

U.S. Geological Survey Water-Resources Investigations Report 01-4000, 33 p. Available on-line.

http://water.usgs.gov/pubs/wri/wri014125/wrir01-4125. pdf Ground-Water Quality in the
Southeastern Sacramento Valley Aquifer, California, 1996 U.S. Geological Survey Water-
Resources Investigations Report 01-4125, 24 p.

Quality-Control Results for Ground-Water and Surface-Water Data, Sacramento River Basin,
California, National Waer-Quality Assessment; 1996-1998 U.S. Geological Survey Water
Resources Investigations Report 02-4201, 46 p. Available on-line only: Download a 916 KB pdf
here. :

Organophosphorus pesticide occurrence and distribution in surface and ground water of the |
United States, 1992-97 by Evelyn H. Hopkins, Daniel J. Hippe, Elizabeth A. Frick, and Gary R.
Buell U.S. Geological Survey Open-File Report 00-187, CD-ROM QOrganophosphorus in SW &
GW

Distribution of Major Herbicides in Ground Water of the United States

By Jack E. Barbash, Gail P. Thelin, Dana W. Kolpin, and Robert J. Giliom U.S. GEOLOGICAL
SURVEY Water-Resources Investigations Report 98-4245 Sacramento, California, 1999 Maijor
Herbicides in Ground Water

The Quality of Our Nation’s Waters Nutrients and Pesticides U.S. Geological SuNey Circular

1225
The Quality of Qur Nation's Waters: Nutrients and Pesticides Circular 1225 (8-6-99).

Occurrence of Pesticides in Shallow Ground Water of the United States: Initial Results from the

~ National Water-Quality Assessment Program by Dana W. Kolpin, Jack E. Barbash, and Robert J.

Gilliom, Adapted from original article published in the Environmental Science & Technology, v 32,
1998_Pesticides in Shallow Ground Water: Initial Results

Pesticides in Ground Water: Summary Statistics; Preliminary Results from Cycle | of the National
Water Quality Assessment Program (NAWQA), 1992-2001 PROVISIONAL DATA -- SUBJECT
TO REVISION By Dana W. Kolpin and Jeffrey D. Martin, March 25, 2003 Pesticides in Ground
Water, 1992-2001 (3/25/03)
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Data Series 107 Data on dissolved pesticides and volatile organic compounds in surface and
ground waters in the San Joaquin-Tulare basins, water years 1992-1995

Scientific Investigations Report 2005-5032 Occurrence and distribution of volatile organic
compounds and pesticides in ground water in relation to hydrogeologic characteristics and land
use

EH 02-10 (PDF, 226 kb)
Prather, T., F. Liu, N. O'Connell, M. Freeman, K. Hembree. 1999 Mitigating movement of
simzaine into ground water in citrus grapes.

EH 86-06 (PDF, 491 kb)
Gonzales, D. and D.J. Weaver. 1986. Monitoring concentration of aldicarb and its breakdown
products in irrigation water runoff and soil from agricultural fields in Kern County, 1985.

Spurlock, F., K. Burow, and N. Dubrovsky. 2000. Chlorofluorocarbon Dating of Herbicide-
Containing Well Waters in Fresno and Tulare Counties, California. Article J. Environ. Qual.
29:474-483. Reprinted with the permission of the American Agronomy Society.(PDF, 3 mb)

Troiano, J., C. Garretson, C. Krauter, J. Brownell, and J. Hutson. 1993. influence of Amount and
Method of Irrigation Water Application on Leaching of Atrazine. Article J. Environ. Qual. 22: 290-
298. (PDF, 680 kb). Reprinted with the permission of the American Agronomy Society.

Kinsey, W.B., Johnson, M.V., and Gronberg, J.M., 1998, Data on Dissolved Pesticides and
Volatile Organic Compounds in Surface and Ground Waters in the San Joaquin — Tulare Basins,
California, Water Years 1992-1995: U.S. Geological Survey Data Series 107, 372 p.

http://pubs.usgs.gov/ds/2005/107/

California GAMA Program: A Contamination Vulnerability Assessment for the Bakersfield Area
Jean E. Moran, G. Bryant Hudson, Gail F. Eaton, and Roald Leif

Lawrence Livermore National Laboratory, L-231, P.O. Box 808, Livermore, CA 94550
http.//www.waterboards.ca.gov/gama/docs/cas_linl_bakersfield.pdf

Dawson, B.J., Ground-Water Quality in the Southeastern Sacramento Valley Aquifer, California,
1996: U.S. Geological Survey, Water-Resources Investigations Report 01-4125,
http://pubs.usgs.gov/wri/wri014125/wrir01-4125 pdf

Boxall, A.B.A., Kolpin, D.W., Halling-Strensen, B., and Tolls, J., 2003,
Are Veterinary Medicines Causing Environmental Risks? Environmental Science and
Technology, v, 37, no. 15, p. 265A-304A.

Dawson, B.J, Shallow Ground-Water Quality Beneath Rice Areas in the Sacramento Valley,
California, 1997 U.S. GEOLOGICAL SURVEY Water Resources Investigation Report 01-4000
NATIONAL WATER-QUALITY ASSESMENT PROGRAM Sacramento, California 2001
http://ca.water.usgs.gov/archive/reports/wrir014000/

Sutton, J.D., et. al., Water Quality and Agriculture Status, Conditions, and Trends, July 1997
NRCS Working Paper #16 http://www.nrcs. usda.gov/TECHNICAL/land/pubs/\WP16.pdf

Spurlock, F., Burow, K., and Dubrovsky, N., Chlorofluorocarbon Dating of Herbicide-Containing
Well Waters in Fresno and Tulare Counties, California, Reprinted from t he Journal of
Environmental Quality Volume 2 9,n0.2, Mar.-Apr.2 000.
http://www.cdpr.ca.gov/docs/empm/pubs/ehapref/chiordat. pdf




Troiano, J., Marade, J., and Spurlock, F., Empirical Modeling of Spatial Vulnerability Applied to a ‘
‘ Norflurazon Retrospective Well Study in California, Published in J. Environ. Qual. 28:397-403
(1999). http://www.cdpr.ca.gov/docs/empm/pubs/ehapref/inorstdy. pdf

Zhang, M., Geng, S., Ustin, S.L., Tanji, K K., 1996, Pesticide Occurrence in Groundwater in
Tulare County, California, in Environmental Monitoring and Assessment, Vol 45, 1997, p. 101-
127 hitp://www.cstars.ucdavis.edu/papers/html/zhanqgetal1997b/

Spurlock, F., K. Burow, and N. Dubrovsky. 2000. Chlorofluorocarbon Dating of Herbicide-
Containing Well Waters in Fresno and Tulare Counties, California. Article J. Environ. Qual.
29:474-483. Reprinted with the permission of the American Agronomy Society.(PDF, 3 mb)

Harter, T., Davis, H., Mathews, M.C., and Meyer, R.D., Shallow groundwater quality on dairy
farms with irrigated forage crops: Department of Land, Air, and Water Resources, University of
California, One Shields Avenue, Davis, CA 95616-8628, USA PIl: $0169-7722(01)00189-9

Harter, T., et.al., 2005, Deep Vadose Zone Hydrology Demonstrates Fate of Nitrate in Eastern
San Joaquin Valley, California Agriculrture, Vol. 59, Number 2, pp. 124-132.
~ http://calag.ucop.edu/0502AMJ/pdfs/VadoseZone. pdf

Pesticide and Groundwater Quality By Dr. Jay Gan in University of California, Riverside
Cooperative Extension Pesticide Wise A Quarterly Publication of the Department of

. Environmental Sciences http://www.pw.ucr.edu/textfiles/PesticideWiseWinter2002 htm
Lower Merced River and Mustang Creek Watersheds Selected for a National Water-Quality Study

* http://jeq.scijournals.org/cgi/content/abstract/30/2/448 Summary of Well Water. Sampling in.
California to Detect Pesticide Residues Resulting from Nonpoint-Source Applications, April 21,
‘ 2000 by John Troiano, Don Weaver, Joe Marade, Frank Spurlock, Mark Pepple, Craig Nordmark
and Donna Bartkowiak, Journal of Environmental Quality 30:448-459 (2001).

http://www.ers.usda.gov/publications/arei/eib16/Chapter2/2.2/ Agricultural Resources and

Environmental Indicators, 2006 Edition By Keith Wiebe and Noel Gollehon, Editors USDA
Economic Information Bulletin No. (EIB-16) , July 2006

Harter, T., Davis, H., Mathews, M.C., Meyer, R.D., 2001, Nonpoint Source Pollution from Animal
Farming in Semi-Arid Regions: Spatio-Temporal Variability and Groundwater Monitoring
Strategies, Proceedings, 3rd Intl. Conf. on Future Groundwater Resources at Risk Lisbon,
Portugal, 25-27 June 2001.

‘http://groundwater.ucdavis.edu/Publications/Harter 201 FGR2001.pdf

Harter, T., Davis, H., Mathews, M.C., Meyer, R.D., 2001, Shallow groundwater quality on dairy
farms with irrigated forage crops Department of Land, Air, and Water Resources, University of |
California, USA, Journal of Contaminant Hydrology 55 (2002) 287- 315. ‘
http://groundwater.ucdavis.edu/Publications/Harter 201_JoCH2002.pdf

Harter, T., Davis, H., Mathews, M.C., Meyer, R.D., 2001, Effects of Dairy Manure Nutrient
Management on Shatlow Groundwater Nitrate: A Case Study Written for presentation at the 2001
ASAE Annual International Meeting Sponsored by ASAE Sacramento Convention Center
Sacramento, California, USA July 30-August 1, 2001
http.//groundwater.ucdavis.edu/Publications/Harter 201 ASAE2001_UCCE Case Study paper.

pdf




Nitrate Contamination in Californja Groundwater: An Integrated Approach to Basin Assessment.
and Resource Protection, Lawrence Livermore National Laboratory 10 December 2002 LLNL
Nitrate Working Group Brad Esser, Bryant Hudson, Jean Moran Chemistry & Material Science
Directorate Harry Beller, Tina Carlsen, Brendan Dooher, Paula Krauter, Walt Mcnab, Vic Madrid,
Dave Rice, Matthew Verce Environmental Protection Department Nina Rosenberg Earth and
Energy Directorate. http://www.waterboards.ca.gov/gama/docs/linl_nitrate wp ucrl-151454. pdf

Colangelo, D.J., and Brand' M.H., Nitrate Leaching beneath a Containerized Nursery Crop
Receiving Trickle or Overhead Irrigation, Department of Plant Science, U-67, Univ. of Connecticut,
1376 Storrs Rd., Storrs, CT 06269-4067 Received for publication August 31, 2000. Journal of
Environmental Quality 30:1564-1574 (2001) http://intl-
jeq.scijournals.org/cgi/content/abstract/30/5/1564

Prichard, T., Troiano, J., and Canevari, M., Alfalfa Herbicide Pollution Pathways and Mitigation
Practices (2002). U.C. Davis http:/ucce.ucdavis.edu/files/filelibrary/2019/1682.pdf

P ickel, C.H., Hawkens, S., E. Pehrson, E., and Oconnell, N.V., 1990,
HERBICIDE USE IN CITRUS PRODUCTIONAND GROUND WATER CONTAMINATION
IN TULARE COUNTY, California Dept. of Food and Agriculture, April, 1980, PM 90-1.

httg:/lwww.cdQr.ca.govldocslgmaglgubs/gm9001 .pdf _

Clayton, M. 2005 Status Report Pesticide Contamination Prevention Act, California
Environmental Protection Agency, Department of Pesticide Regulation Environmental Monitoring
Branch, Environmental Hazards Assessment Program

EH05-07 http.//www.cdpr.ca.gov/docs/empm/pubs/ehapreps/eh0507.pdf

Prichard, T., Schwank!, L., Canevari, M., and Troiano, J.,

Develop Holding Pond Mitigation Practices to Prevent Herbicide Movement to the Ground Water. -

Final Report for DPR Contract 02-0171C Submitted to The California Department of Pesticide
Regulation in Fulfillment of U.S. EPA, Region 9 Funding Supplied by Contract E-00915503-1
Submitted September 6, 2004 http://www.cdor.ca.qov/docs/emom/pubs/ehagregs/eh0403.gdf

Update of Ground Water Protection Areas. http://www.cdpr.ca.gov/docs/gwp/eh0305update pdf

A Technical Advisor's Manual, Managing Agricultural irrigation Drainage Water, A guide for
developing Integrated On-Farm Drainage Management Systems, 2005, Developed for the
State Water Resources Control Board by the Westside Resource Conservation District in
conjunction with the Center for Irrigation Technology, California State University, Fresno

http://www.sjd. water.ca.gov/drainage/tech_manual/index.cfm

R.C. Jamieson, R.J. Gordon, K.E. Sharples, G.W. Stratton and A. Madani, Movement and
persistence of fecal bacteria in agricultural soils and subsurface drainage water: A review
Volume 44 2002 CANADIAN BIOSYSTEMS ENGINEERING
http://www.engr.usask.ca/societies/csae/protectedpapers/c0121.pdf

National Management Measures for the Control of Nonpoint Pollution From Agriculture, U.S.
Environmental Protection Agency Office of Water (4503T) 1200 Pennsylvania Avenue, NW
Washington, D.C. 20460 EPA-841-B-03-004, July 2003 http://www.epa.qov/nps/agmm/index html

Abstracts

Munday, C., and Domagalski, J.L., 2002, Quality-Control Results for Ground-Water and Surface-
Water Data, Sacramento River Basin, California, National Water-Quality Assessment, 1996-1998:
U.S. Geological Survey Water-Resources Investigations Report 02-4201, 40p.




Barbash, J.E., Thelin, G.P., Kolpin, D.W., and Gilliom, R.J., 1999, Distribution of Major Herbicides
in Ground Water of the United States: U.S. Geological Survey, Water-Resources Investigations
Report 98-42454

Burow, K.R., Panshin, S.Y., Dubrovsky, N.M., VanBrocklin, David, and Fogg, G.E., 1999,
Evaluation of processes affecting 1,2-Dibromo-3-Chloropropane (DBCP) concentrations in
ground water in the eastern San Joaquin Valley, California: Analysis of chemical data and
ground-water flow and transport simulations: U.S. Geological Survey Water-Resources
Investigations Report 99-4059, 57 p.

Barrow, K.R., Shelton, J.L., and Dubrovsky, N.M., 1998, Occurrence of nitrate and pesticides in
ground water bereath three agricuitural land-use settings in the eastern San Joaquin Valley,
California, 1993-1995: U.S. Geological Survey Water-Resources Investigations Reports 97-4284,
51 p. http://ica.water.usgs.gov/sanj/pub/usgs/wrir98-4040a/wrir98-4040a.pdf

Burow, K.R., Stork, S.V., and Dubrovsky, N.M., 1998, Nitrate and pesticides in ground water in
the eastern San Joaquin Valiey, California: Occurrence and trends: U.S. Geological Survey
Water-Resources Investigations Report 98-4040, 33 p.







SOURCES OF DATA ON SURFACE WATER IMPACTS THAT HAVE BEEN ATTRIBUTED TO |
IRRIGATED AGRICULTURE |

Domagalski, J.L., 1993, Pesticides detected in the San Joaquin River Basin, California -- Results of
an intensive fixed-station sampling design developed for the National Water Quality Assessment
Program (abs.): EOS, Transactions of the American Geophysical Union, Spring Meeting
Supplement, v. 74, no. 16, p. 129.

Domagalski, J.L., 1997, Pesticides in surface and ground water of the San Joaquin-Tulare Basins,
California: Analysis of Available Data, 1966 through 1992: U.S. Geological Survey Water-Supply
Paper 2468, 74 p.

Domagalski, J.L., 1995, Nonpoint sources of pesticides in the San Joaquin River, California -- Input
from winter storms, 1992-93: U.S. Geological Survey Open-File Report 85-165, 15 p.

Domagalski, J.L., Dubrovsky; N:M., and Kratzer, C.R., 1997, Pesticides in the San Joaquin River,
California; Inputs from dormant sprayed orchards: Journal of Environmental Quality, v. 26, p. 454-
465.

Dubrovsky, N.M., and Domagalski, J.L., 1993, Pesticides detected in the San Joaquin River basin,
California; Analysis of existing data and design of monitoring network (abs. ): EOS, Transactions of
the American Geophysical Union, Spring Meeting Suplement, v. 74, no. 16, p. 134-133.

Dubrovsky, N.M., Domagalski, J.L., Gronberg, J.M., Kratzer, C.R., Kuivila, KM., and Panshin, SY.,
1997, Pesticide occurence as a function of landuse, application, and hydrology, San Joaquin River,
California: Society of Environmental Toxicology and Chemistry, SETAC 17th Annual

Gronberg, J.M., Dubrovsky, N.M., Kratzer, C.R., Domagalski, J.L., Brown, L.R., and Burow, K.R,,
ENVIRONMENTAL SETTING OF THE SAN JOAQUIN-TULARE BASINS, CALIFORNIA
National Water-Quality Assessment Program, U.S. GEOLOGICAL SURVEY

Water-Resources Investigations Report 97-4205. http://ca. water.usgs. gov/san|/9ub/usgs/wr|r97-
4205/wrir97-4205.pdf

Kratzer, C.R., 1997, Transport of diazinon in the San Joaquin River Basin, California: U.S. Geological
Survey Open-File Report 97-411, 22 p.

Kratzer, C.R., 1998, Transport of sediment-bound organochlorine pesticides to the San Joaquin
River, California: U.S. Geological Survey Open-File Report 87-655, 30 p.

Kratzer, C.R., 1998, Pesticides in storm runoff from agricultural and urban areas in the Tuolumne
River Basin in the vicinity of Modesto, California: U.S. Geological Survey Water-Resources
Investigations Reports 98-4017, 17 p.

Panshin, S.Y., Dubrovsky, N.M., Gronberg, J.M., and Domagalski, J.L., 1998, Occurrence and
distribution of dlssolved pestncndes in the San Joaqum Basin, Callforma U.S. Geologica! Survey
Water-Resources Investigations 98-4032, 88 p.

http://pubs.er.usgs.gov/usgspubs/citfor/ofr/ofr951102currow=0 Dissolved Pesticide Data for the
San Joaquin River at Vrnalis and the Sacramento River at Sacramento, California, 1991-94
U.S. Geological Survey Open-File Report 95-110, 27 pages.
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River Basin, California--Environmental Setting and Study Design U.S. Geological Survey Water-
Resources Investigations Report 97-4254

http://ca. water.usgs.gov/sac_nawqa/wrig04203.pdf Water Quality Assessment of the Sacramento .

Pesticides in Surface Water Measured at Select Sites in the Sacramento River Basin, California,
1996-1998. U.S. Geological Survey Water-Resources Investigations Report 00-4203, 24 p.
Available on-line: Download a 3.0 MB pdf here.

http://pubs water. usgs.gov/circ1215 Water Quality in the Sacramento River Basin,
California, 1994-98 By Joseph L. Domagalski, Donna L. Knifong, Peter D. Dileanis, Larry R.
Brown, Jason T. May, Valerie Connor, and Charles N. Alpers U.S. GEOLOGICAL SURVEY
CIRCULAR 1215

Water-Quality Assessment of the Sacramento River Basin, California: Water-Quality, Sediment
and Tissue Chemistry, and Biological Data, 1995-1998. Available on-line at:
hitp://ca.water.usgs.gov/sac _nawqa/waterindex.htm|.

Water-Quality Assessment of the Sacramento River Basin, California--Water Quality of Fixed
Sites, 1996-1998. U.S. Geological Survey Water-Resources Investigations Report 00-4247, 60 p.
Available on-line: Download pdf.

Domagalski, J.L., and Munday, C., Evaluation of Diazinon and Chlorpyrifos Concentrations and
Loads, and Other Pesticide Concentrations, at Selected Sites in the San Joaquin Valley,
California, April to August, 2001 Prepared in cooperation with the CALIFORNIA DEPARTMENT
OF PESTICIDE REGULATION Sacramento, California 2003 Water-Resources Investigations
Report 03-4088 U.S. GEOLOGICAL SURVEY 6438-13
http://pubs.usgs.qoviwrilwri034088/pdfiwri03 4088.pdf

Quality-Control Results for Ground-Water and Surface-Water Data, Sacramento River Basin,
California, National Waer-Quality Assessment; 1996-1998 U.S. Geological Survey Water
Resources Investigations Report 02-4201, 46 p. Available on-line only: Download a 916 KB pdf
here.

Organic Carbon Trends, Loads, and Yields to the Sacramento-San Joaquin Delta, California,
Water Years 1980 to 2000 Available on-line: Download a 15.2 MB pdf. and associated data
tables, here.

Organophosphorus pesticide occurrence and distribution in surface and ground water of the
United States, 1992-97 by Evelyn H. Hopkins, Daniel J. Hippe, Elizabeth A. Frick, and Gary R.
Buell U.S. Geological Survey Open-File Report 00-187, CD-ROM QOrganophosphorus in SW &
GW

The Quality of Our Nation's Waters Nutrients and Pesticides U.S. Geological Survey Circular
1225, (8-6-99)
The Quality of Our Nation's Waters: Nutrients and Pesticides

Pesticides in Streams of the United States--Initial Results from the National Water-Quality
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SUBJECT: FEBRUARY 2006 DRAFT IRRIGATED LANDS EXISTING CONDITIONS
REPORT _

| have reviewed Chapter 4 (Groundwater Quality) of the February 2006 Draft irrigated Lands
Existing Conditions Report. In general, it would be helpful to add an introduction to this
Chapter that emphasizes the importance of and need to protect groundwater quality and that
provides information that would be useful in developing a long-term regulatory program that
will protect groundwater quality. Some of the introductory sections of each of the groundwater

' basins could be transferred to this introduction. Some suggestions for the Chapter 4
Introduction, Sacramento and San Joaquin Valley Groundwater Basins sections, and the long-
term regulatory program follow. '

CHAPTER 4 INTRODUCTION

Importance of Groundwater

For purposes of discussing the importance of groundwater in the Region, the Chapter
Introduction could include very brief discussions of the following:

1. The importance of groundwater in the Central Valley Region.

The extent of the groundwater basins and agriculture and the use of groundwater for
agriculture uses as well as urban uses in the Region are significant and have been
quantified in the Department of Water Resources Bulletin 118 available at
http://www.groundwater.water.ca.gov/bulletin118/. Additional information on this can be
found in United States Geological Survey (USGS) Scientific Investigation Report 2007-
5179 available at http://pubs.usgs.gov/sir/2007/5179.

2. The connection of groundwater and surface water.

The connection between groundwater and surface water is important in the development
of any program designed to protect water résources since the movement of water from
- one hydrologic system to another can also move poliutants between the two systems.
’ Discussions of the importance of the interconnection between groundwater and surface
water can be found in Why Protecting Land Helps Protect Water available at
http://www.tpl.org/tier3_print.cfm?folder_id=1885&content_item_id=21897&mod_type=1
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and the California Department of Water Resources Bulletin 118 (California’s
Groundwater) available at http://www.groundwater.water.ca.gov/bulletin118/. ‘

Groundwater systems are part of the entire hydrologic system and consist of recharge,
discharge, and storage (aquifers) areas. - Groundwater systems can be connected to
surface water in each of these areas. It would be useful to include a conceptual model
of a hydrologic system showing groundwater recharge, discharge, and storage areas.
Some examples of recharge and discharge areas that could be included are-

. Recharge areas:
o Infiltration of precipitation
o Inflow from streams, rivers
o Irrigation water leaching below a crop’s root zone :
o  Surface water pumped into an injection well to artificially store water in an
aquifer
o  Agricultural return flows recirculated back to cropland

. Discharge areas: v
o  Groundwater discharging to surface water along a stream
o  Groundwater pumping (discharging) from an aquifer to irrigate cropland running
off the cropland as tailwater into a nearby stream or river
o  Shallow groundwater discharging to surface water via subsurface drains

An example conceptual model can be found at ‘
http://in.water.usgs.gov/NAWQAWHMI/act_sugar.php.

A discussion of groundwater in the California hydrologic cycle can be found in University
of California’s Division of Agriculture and Natural Resources (ANR) Publication 8083
(Basic Concepts of Groundwater Hydrology) available at
http://anrcatalog.ucdavis.edu/pdf/8083.pdf.

The differences in the movement of surface water and groundwater are also important in
the effects and solutions to pollution. Most important is that groundwater does not
typically flow to a single outlet and groundwater movement occurs on a different time
scale than surface water poliution. A discussion of this can be found in University of
California’s Division of Agriculture and Natural Resources (ANR) Publication 8084
(Groundwater Quality and Groundwater Pollution) available at
http://groundwater.ucdavis.edu/Publications/Harter_FWQFS_8084.pdf.

Useful Information To Consider In Development of a Long-Term Regulatory Program
How agriculture impacts groundwater quality and the vulnerability of groundwater to pollution
from agricultural practices will be important considerations when developing a long-term
regulatory program for irrigated lands. The Chapter 4 Introduction should include a brief
discussion of these issues as suggested below.

How agriculture impacts groundwater quality. .
To provide an understanding of how agriculture impacts groundwater quality in the
Region, it would be helpful to include a discussion of the following:
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. The methods of impact (irrigation resulting in leaching of imported, naturally
occurring, or concentrated pollutants; tillage: drainage; chemical use; application of
animal waste)

«  The common poliutants in groundwater related to agriculture and their
characteristics '

Information on this can be found in the following:

. USGS Fact Sheet 2004-3098 (Studies by the U.S. Geological Survey on Sources,
Transport, and Fate of Agricultural Chemicals, September 2004) available at
http://pubs.usgs.gov/fs/2004/3098/pdf/fs2004-3098.pdf.

. Irrigated Agriculture Technical Advisory Committee Report available at
http://iwww.swrcb.ca.gov/nps/docs/tacrpts/tac_irriag.doc.

. University of California’s Division of Agriculture and Natural Resources (ANR) -
Publication 8055 (Nonpoint Sources of Pollution in Irrigated Agriculture) available at
http://anrcatalog.ucdavis.edu/pdf/8055.pdf.

. University of California Sustainable Agriculture Research and Education Program
Components Newsletter Spring 1990 (California Agriculture and Groundwater
Quality) available at http://www.sarep.ucdavis.edu/newsltr/’components/v1in2/sa-
3.htm.

The importance of groundwater vulnerability to pollution.

Several agencies have recognized the importance of identifying the vulnerability of
groundwater to pollution as a result of agricultural practices and use this information to
prioritize where and what solutions are needed. A brief discussion of the Department of
Pesticide Regulation’s (DPR’s) Groundwater Protection Program, the California
Department of Food and Agriculture’s (CDFA’s) Fertilizer Research and Education
Program (FREP), the California Department of Health Services Drinking Water Source
Assessment Program, and the State Water Resources Control Board Groundwater
Ambient Monitoring and Assessment (GAMA) Program would be helpful. -

The discussion could include the factors used to evaluate groundwater vulnerability, what
potential pollutants are evaluated, how the information is used, and where additional
information on these programs can be found (DPR’s Groundwater Protection Program at
http://www.cdpr.ca.gov/docs/emon/grndwtr/index.htm, CDFA’s FREP at
http://www:cdfa.ca.gov/is/fflders/criteria.html, CDHS’s DWSAP at
http://www.cdph.ca.gov/certlic/drinkingwater/Pages/DWSAP.aspx, and the State Water
Resources Control Board GAMA Program at ”
http://www.waterboards.ca.gov/gama/index.html).

A brief discussion of the drainage problems along the west side of the San Joaquin
Valley should also be included in this section. The San Joaquin Valley Drainage
Program has identified areas along the west side of the San Joaquin Valley between the
Sacramento-San Joaquin Delta and the Tehachapi Mountains to the south that are
vulnerable to drainage problems caused by irrigation of cropland where the underlying
groundwater is shallow and there are marine sediments derived from the Coast Ranges
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that naturally contain elevated levels of saits and trace elements. Irrigation of these
areas has leached the salts and trace elements from the sediments to groundwater. A
shallow clay layer underlying these areas obstructs vertical movement of the irrigation
water. Because of the poor drainage, the groundwater table rises to within a few feet of
the surface and subsurface drainage is required to remove this water from the crop’s root
zone. The San Joaquin Valley Drainage Implementation Program (SJVDIP) was
established in 1991 to implement recommendations of the San Joaquin Valley Drainage
Program to address the drainage problems on the west side of the San Joaquin Valley.
Information on these drainage problem areas is available at
http.//www.sjd.water.ca.gov/drainage/index.cfm and information on the SUVDIP is
available at http://www.owue.water.ca.gov/statedrain/index.cfm.

Other Topics from the Sacramento River and San Joaquin Valley Groundwater Basin

. Introductory Sections
The Chapter 4 Introduction could also include some of the common topics that are included in
the introductory sections for Sacramento River and San Joaquin Valley Groundwater Basins.
These topics could then be removed from each of the Groundwater Basin discussions. These
topics include the following.

1. Organization and Elements and General Sources of Information for both groundwater
basins. This information is available under the separate introductory sections for the
Sacramento River and San Joaquin Valley Groundwater Basin and would best be
combined into the introduction to Chapter 4.

2. Constituents of Concern in Groundwater related to agriculture. Table 4 in the General
Concepts and Processes Affecting Groundwater Quality in the Sacramento River Basin is
also applicable to the San Joaquin Valley Groundwater Basin and could be included in
the Chapter 4 Introduction.

SACRAMENTO RIVER AND SAN JOAQUIN VALLEY GROUNDWATER BASIN SECTIONS
Introductory Sections : '

The introductory section for each of the groundwater basins should be consistent. Assuming
the Chapter 4 Introduction includes the recommendations above, the remaining topics in the
introductory sections for each groundwater basin should include:

1. Overview of Agricultural Chemical Impacts to Groundwater
This information for the Sacramento River Basin is currently under the heading General
Concepts and Processes Affecting Groundwater Quality in the introductory section to the
Sacramento River Basin. This heading (not the information under the heading) should be
revised to Overview of Agricultural Chemical Impacts to Groundwater to be consistent
with the San Joaquin Valley Groundwater Basin.

2. Groundwater Movement and Solute Transport ;
The section on Groundwater Movement and Solute Transport in the Sacramento River
Basin introductory section discusses results of a GAMA study on the susceptibility of
~groundwater in the Chico area to contamination (The report should provide a reference
for this discussion). It is not mentioned that the GAMA program has also completed
similar studies in the Fresno, Stanislaus, Sacramento, and Kern County areas and is also
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working on a similar study in the San Joaquin County area. It would be appropriate to
discuss the GAMA study results for the Sacramento County area or at least refer to the
study in the Sacramento River Basin introductory section.

It would also be appropriate to include a section on Groundwater Movement and Solute
Transport in the San Joaquin Valley Groundwater Basin introductory section where the
results of the GAMA studies in the Fresno, Stanislaus, and Kern County areas could be
summarized. A table similar to Table 4-3 (Summary of Groundwater Quality Issues for
the Groundwater Basins) in the introductory section of the Sacramento River Basin under
the subheading Groundwater Quality Summary would be very useful in the San Joaquin
Valley Groundwater introductory section as well.

General Management Practices
Management Measures are discussed for each groundwater subbasin in the Sacramento

- River Basin. Management Measures are not discussed for the subbasins in the San

Joaquin Valley Groundwater Basin although the introductory section for the San Joaquin
Valley Groundwater Basin includes a discussion of General Management Practices. A
consistent approach should be used for both groundwater basins. Since most of the
subbasins for the Sacramento River Basin indicate that management measures-were not
identified and management measures for subbasins that have the same crops were the
same, it would be appropriate to summarize management practices specific to certain
crop types grown in the Sacramento River Basin under the heading General
Management Practices in the introductory section of the Sacramento River Basin.

The discussions of groundwater level and groundwater quality monitoring by government
agencies and Groundwater Management Plans that are included in the Sacramento River
Subbasin discussions are not appropriate under the heading Management Measures.
Such information is useful but would be more appropriate in the section on Pertinent
Ordinances or Regulations. '

Assessment of Data Adequacy '

Each Sacramento River Subbasin includes a discussion of the Assessment of Data -
Adequacy and Need for Added Data. There is no discussion of data adequacy for each
groundwater subbasin in the San Joaquin Valley Groundwater Basin although the
introductory section for the San Joaquin Valley Groundwater Basin includes a discussion
of Assessment of Data Adequacy. A consistent approach should be used for both
groundwater basins. Since for most of the subbasins in the Sacramento River Basin
“Data from DWR provide somewhat limited picture of groundwater quality...in that there
is not extensive areal coverage for groundwater quality” it would be appropriate to
summarize this in the introductory section to the Sacramento River Basin and remove the
Assessment.of Data Adequacy and Need for Added Data from the subbasin discussions.
Also, the following should be removed from the Sacramento River Basin under the
heading Assessment of Data Adequacy: (1) the discussion of the Need for Added Data
since the purpose of the Existing Conditions Report does not include identifying where
more data is needed, and (2) groundwater quality issues for each subbasin should be
moved to the Water Quality section of each subbasin.
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Other useful information (available in California Department of Water Resources Bulletin 118)
that could be included in the introductory section for each groundwater basin includes:

General hydrogeology (general groundwater flow direction, Coast Range sediments on
west side and Sierra Nevada sediments on east side — additional information is available
in A Management Plan for Agricultural Subsurface Drainage and Related problems on
the Westside San Joaquin Valley, Final Report of the San Joaquin Valley Drainage
Program, September 1990 available at : :
http://www.owue.water.ca.gov/docs/RainbowReportlntro.pdf).

Groundwater development

Subbasin Sections
The Sacramento River Subbasin and San Joaquin Valley Groundwater Subbasin discussions

should follow the same format. The following differences were noted.

1.

Management Measures

For the Sacramento River Subbasins, this information should be moved to the
introductory section to the Sacramento River Basin under the heading General
Management Practices as noted on page 5 above.

Assessment of Data Adequacy and Need for Added Data

For the Sacramento River Subbasins, this information should be moved to the
introductory section to the Sacramento River Basin under the heading Assessment of
Data Adequacy as noted on page 5 above.

Water Quality .
The Water Quality discussions for the Sacramento River Subbasins only include general
water quality information on inorganics from DWR Bulletin 118, while the Water Quality
discussions for the San Joaquin Valley Groundwater Subbasins includes the general
water quality information from DWR Bulletin 118 (Inorganic Constituents) and information
on pesticides from the Department of Pesticide Regulation (DPR). Pesticides in the
Sacramento River Basin counties are discussed in the introductory section of the
Sacramento River Basin. A consistent approach should be used for both groundwater
basins. Some consistency could be provided without having to add additional information
to the Water Quality section of the Sacramento River Basin by including a table similar to
Table 4-2 (Pesticide Detections in Wells for Counties in the Sacramento River Basin
(1985-2003)) in the San Joaquin Valley Groundwater Basin introductory section with the
appropriate counties listed.

The introductory section and the subbasin sections for the Sacramento River Basin use

the word “we” in describing what is included or discussed in the report. The word “we”
does not occur in the San Joaquin Valley Groundwater Basin or Subbasin discussion.
Use of the word “we” is not appropriate in the report and should be removed.

LONG-TERM PROGRAM CONCERNS

Dairies

The current waiver program for discharges from irrigated lands does not cover discharges
from irrigated lands that receive liquid waste from sources such as dairy operations and food
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processors and requires that owners and/or operators of facilities that receive such liquid
waste must obtain waste discharge requirements or a separate conditional waiver. Under

- Waste Discharge Requirements General Order No. R5-2007-035 for Existing Milk Cow Dairies
(General Order), owners and/or operators of existing dairies that apply dairy waste (liquid or
solid) to fand that is under their control are required to develop and implement a nutrient
management plan and monitor discharges of storm water and tailwater (when irrigation has
occurred less than 60 days after application of manure and/or wastewater) to surface water.
Dairy owners/operators who transfer their wastewater to a third party for the third party’s use
are only required to have a written agreement with the third party. While the third party agrees
to use the wastewater at agronomic rates and prevent runoff of wastewater to surface water in
the written agreement, the third parties are not currently directly regulated under either the
General Order or the Irrigated Lands Waiver Program.

If third parties are put under waste discharge requirements, it would likely discourage them
from receiving dairy wastewater and would likely require significant staff resources since such
transfers of waste can fluctuate significantly within short periods of time. It may be appropriate
to consider allowing these lands to be covered under the long:term irrigated lands program

- with the requirement that a nutrient management plan be developed and implemented for any
such land. This requirement could also be applied to third parties that receive solid waste
from dairies, who are now covered under the irrigated lands waiver program.

Water Quality Protection Measures

The long-term regulatory program should be an integrated approach with the goal of protecting
both surface water and groundwater quality. Any required management measures to protect
surface water should not have a negative impact on groundwater quality, and vice versa.

RECOMMENDED NEXT STEPS
The most efficient way to revise Chapter 4 would be a stepwise approach. The first revisions
should include the following (see the discussion above and the outline below).

1.  Draft the Chapter 4 ln'troduction_.

2. Revise the introductory section to the San Joaquin Valley Groundwater Basin (this
section needs more additional information than the Sacramento River Basin introductory
section). '

3. Revise the first subbasin of both the Sacramento River Basin and the San Joaquin Valley
Groundwater Basin. :

Once these revisions are completed, then the introductory section of the Sacramento River
Basin and the remaining subbasin discussions can be completed.

The following outline for a revised Chapter 4 should be used as guide to complete Chapter 4.
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Chapter 4 introduction ,

Importance of Groundwater ,

Useful Information to Consider in Development of a Long-Term Regulatory Program ‘
How Agriculture Impacts Groundwater Quality
Importance of Groundwater Vulnerability to Poliution

Organization and Elements

General Sources of Information

Constituents of Concern in Groundwater Related to Agriculture

Sacramento River Basin
Introduction
Overview of Agricultural Chemical Impacts to Groundwater - This is under the heading
General Concepts and Processes Affecting Groundwater Quality in the Sacramento
River Basin in the 2006 Draft Existing Conditions Report
Groundwater Movement and Solute Transport — add discussion of GAMA study in
Sacramento County area
Groundwater Quality Summary
General Management Practices
Assessment of Data Adequacy
General Hydrogeology
Groundwater Development

Subbasins (Individual)
General Basin Parameters

Acreage, Physiography, and Water-Bearing Units

Major Sources of Recharge

Land Use

Coalitions, Water Districts, Major Urban Areas _

Pertinent Ordinances or Regulations — include any Groundwater Management Plans or
groundwater level or groundwater quality monitoring by government agencies as
noted under Management Measures in the 2006 Draft Existing Conditions Report

Water Quality — move water quality discussions covered under the heading Assessment of

Data Adequacy and Need for Added Data in the 2006 Draft Existing Conditions Report to

this section '

Inorganics

Pesticides

Other

Discharge Pathways and Sources of Contaminants - The subheadings Dissolved Solid

Nitrate, Boron, and Pesticides should be moved to the Water Quality section. '

s

San Joaquin Valley Groundwater Basin
Introduction .
Overview of Agricultural Chemical Impacts to Groundwater - Include a table similar to
- Table 4-2 (Pesticide Detections in Wells for Counties in the Sacramento River Basin
(1985-2003)) with the appropriate counties listed ‘
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Groundwater Movement and Solute Transport add discussion of GAMA stud/es in
Fresno, Kern, and Stanislaus County areas
Groundwater Quality Summary — add a table similar to Table 4-3 (Summary of

Groundwater Issues for the Groundwater Basins)

General Management Practices

Assessment of Data Adequacy

General Hydrogeology

- Groundwater Development

Subbasins (Individual)
General Basin Parameters
Acreage, Physiography, and Water-Bearing Units
Major Sources of Recharge
Land Use
Coalitions, Water Districts, Major Urban Areas
Pertinent Ordinances or Regulations
Water Quality
Inorganics
Pesticides
Other ‘
Discharge Pathways and Sources of Contaminants







Temporél trends in concentrations of DBCP and nitrate

K. R. Burow « N. M. Dubrovsky - J. L. Shelton

Abstract Temporal monitoring of the pesticide 1,2-

dibromo-3-chloropropane (DBCP) and nitrate and indica-

tors of mean groundwater age were used to evaluate the
transport and fate of agricultural chemicals in groundwater
and to predict the long-term effects in the regional aquifer
system in the eastern San Joaquin Valley, California.
Twenty monitoring wells were installed on a transect
along an approximate groundwater flow path. Concen-
trations of DBCP and nitrate in the wells were compared
to concentrations in regional areal monitoring networks.
DBCP persists' at concentrations above the US Environ-
mental Protection Agency’s maximum contaminant level
(MCL) at depths of nearly 40 m below the water table,
more than 25 years after it was banned. Nitrate concen-
trations above the MCL reached depths 6f more than 20 m
below the water table. Because of the intensive pumping
and irrigation recharge, vertical flow paths are dominant.
High concentrations (above MCLs) in the shallow part of
the regional aquifer system will likely move deeper in the
system, affecting both domestic and public-supply wells.
The large fraction of old water (unaffected by agricultural

“ chemicals) in deep monitoring wells suggests that it could

take decades for concentrations to reach MCLs in deep,
long-screened public-supply wells, however.

Résumé Les suivis en temps du pesticide 1,2-dibromo-3-
chloropropane (DBCP), des nitrates et des indicateurs de
I’4ge moyen des eaux souterraines ont été utilisés dans le
but d’estimer le transport et le devenir des produits
agrochimiques dans les eaux souterraines, et de prédire
leurs effets a long terme dans le systéme aquifére régional
de la San Joaquin Valley orientale, en Californie. Vingt
piézometres ont ét¢ implantés en alignement, approxima-
tivement selon une ligne de flux souterrain. Les concen-
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-in groundwater in the eastern San Joaquin Valley, California, USA

trations en DBCP et nitrates mesurées dans les
piézométres ont été comparées aux concentrations dans
les réseaux de surveillance du secteur. Le DBCP dépasse
continuellement la valeur limite fixée par I’US Environ-
mental Protection Agency, 4 des profondeurs proches de
40 m sous le niveau piézométrique, et plus de 25 ans aprés
son interdiction. Les concentrations en nitrates supérieures
aux limites se retrouvent & des profondeurs supérieures a
20 m sous le niveau piézométrique. Les écoulements
verticaux sont prépondérants, du fait des pompages
intensifs et de la réalimentation par irrigation. Les
concentrations €levées (supérieures aux limites) présentes
dans la tranche la plus superficielle de I'aquifére sont
susceptibles de migrer plus en profondeur dans le systéme,
et d’affecter les puits privés et ceux destinés a I’alimenta-
tion en eau potable. Cependant, la large proportion d’eau
ancienne (non affectée par les produits agrochimiques)
dans les piézométres profonds suggére que les limites de
concentration ne seront pas dépassées avant longtemps
dans les puits d’alimentation en potable, qui sont profonds
et présentent des hauteurs crépinées conséquentes.

Resumen La monitorizacion temporal del plaguicida 1,2-
dibromo-3cloropropano (DBCP) y de los nitratos asi
como indicadores de la media de edad del agua sub-
terrdnea han sido utilizados para evaluar el transporte y el
destino de los compuestos quimicos en el agua subterra-
nea y para predecir los efectos a largo plazo en el sistema
acuifero regional situado al este del Valle de San Joaquin,
California. Se instalaron veinte pozos de control en un
transecto situado aproximadamente siguiendo la linea de
flujo del agua subterranea. Las concentraciones de DBCP
y nitratos en los pozos se compararon con las concen-
traciones en la red de control regional. DBCP persiste con
concentraciones por encima de los niveles méaximos
contaminantes (MCL) de la Agencia de Proteccién
Medioambiental de Estados Unidos a profundidades
cercanas a los 40 fm por debajo del nivel piezométrico,
mas de 25 afios después de haber sido prohibido.. Las
concentraciones de nitratos por encima de MCL alcan-
zaron profundidades de mas de 20 m por debajo del nivel
piezométrico. Debido al bombeo intensivo y los retoros
de riego, las lineas de flujo verticales son dominantes. Las
altas concentraciones (por encima de MCLs) situadas en la
parte superficial del sistema acuifero regional probable-
mente se moverdn mas profundamente en el sistema,
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afectando a los pozos domésticos y a los pozos de
abastecimiento. No obstante, la alta proporcién de aguas
antiguas (no afectadas por compuestos quimicos de origen
agricola) en los pozos de control profundos sugiere que
pueden pasar décadas para que se alcancen concentra-
ciones que alcancen MCLs en profundidad, en los pozos
de abastecimiento totalmente ranurados.

Keywords Agriculture - Contamination - San Joaquin
Valley - Groundwater monitoring - Groundwater age

Introduction

Widespread occurrence of 1,2-dibromo-3-chloropropane
(DBCP) and nitrate at concentrations of concern affects
both rural and public drinking-water supplies in the
eastern San Joaquin Valley, Califonia. DBCP, a soil
fumigant used to control nematodes, was applied to crops
nationwide beginning in the 1950s. In 1977, agricultural
use of DBCP was suspended in California in response to
concern about the potential hazardous effects of DBCP on
human health; however, DBCP persists in groundwater in
this region at concentrations above the US Environmental
Protection Agency (USEPA) maximum contaminant level
(MCL) of 0.2 pg/L, posing a threat to drinking-water
supplies more than 25 years after it was banned from use
(California State Water Resources Control Board 2002a).
Similarly, nitrate occurrence in groundwater is an issue of
concern, in part, because nitrate concentrations persist in
oxic groundwater and have increased over time in many
areas (Nightingale 1970; Schmidt 1972; Madison and
Brunett 1985; Lowry 1987; Anton et al. 1988; Almasri
and Kaluarachchi 2004). Nitrate has been widely detected
in groundwater in the eastern San Joaquin Valley. Nitrate
concentrations exceeded the USEPA MCL of 10 mg/L (as
nitrogen) in 24% of domestic wells sampled during 1993
1995 (Dubrovsky et al. 1998), and the Central Valley is
one of the top three regions in the state in regards to the
number of public drinking-water wells exceeding the
USEPA MCL for nitrate (California State Water Resources
Control Board 2002b). Nitrate concentrations in ground-
water in the eastern San Joaquin Valley are expected to
persist over the long term, owing to continued anthropo-
genic nitrogen inputs and generally oxic geochemical
conditions.

Many studies have addressed issues of DBCP and
nitrate occurrence and sources in the eastern San Joaquin
Valley aquifer (Schmidt 1972; Miller and Smith 1976;
Nightingale and Bianchi 1974; Schmidt 1986, 1987;
Burow et al. 1998a; Harter et al. 1998; Loague et al.
1998a,b; Loague and Abrams 1999) and some studies
have analyzed data on temporal trends in concentration
(Nightingale 1970; Schmidt 1972; California State Uni-
versity Fresno Foundation 1994; Kloos 1996; Burow et al.
1998b; Burow et al. 1999); however, long-term monitor-
ing data are scarce, and few wells have been sampled
over time spans long enough to assess the potential for
long-term degradation of the groundwater resource.
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Predicting the long-term fate of agricultural chemicals

in groundwater in this region is difficult owing to
intensive groundwater pumping, mixing sources of
recharge water, and complex flow paths through hetero-
geneous alluvial fan sediments. Coupling chemical
concentrations with groundwater age indicators can aid
in understanding groundwater-flow systems and identify-
ing trends in groundwater quality (Cook and Béhlke
1999; Lindsey et al. 2003; MacDonald et al. 2003, Broers
and van der Grift 2004; Puckett and Hughes 2005).
Understanding the behavior of nonpoint source agricul-
tural constituents such as DBCP and nitrate, is fundamental
to predicting the long-term effects of anthropogenic
practices on the quality of groundwater in the eastern San
Joaquin Valley. Analysis of these constituents can assist in
characterizing dominant aquifer processes controlling the
fate and transport of a wide range of possible chemicals of
concern in the subsurface.

To assess temporal trends in groundwater quality in
the study area and determine the possible long-term
effects of agricultural management practices on ground-
water quality in this region, DBCP and nitrate concen-
trations in groundwater were analyzed in samples
collected from monitoring wells in 1994-1995 and in
2003. The monitoring wells were installed at multiple
depths along a transect, representing a range of ground-
water ages. The groundwater ages, determined from CFC
concentrations, were used to estimate the concentration of
DBCP and nitrate in recharge through time. Simulated
age distributions for each monitoring well, derived from a
groundwater flow and transport model developed for the
study site (Weissmann et al: 2002b), were evaluated in
relation to DBCP concentrations and compared to previ-
ous estimates of the in-situ half-life of DBCP in the
aquifer (Burow et al. 1999). Spatial and temporal patterns
of nitrate concentrations were also evaluated and com-
pared to nitrogen fertilizer applications. Simulated age
distributions (Weissmann et al. 2002b) were used to adjust
fertilizer application curves to further interpret apparent
changes in nitrate concentration over time. Results of the
analysis at the study site were compared to data from
regional areal well networks to extrapolate the findings to
a larger spatial scale.

Study area

Hydrogeology of Fresno study area

The study area is west of the foothills of the Sierra Nevada
and east of the San Joaquin Valley trough on the upper
part of the Kings River alluvial fan (Fig. 1). The alluvial
sediments consist primarily of interlayered lenses of
gravel, sand, silt, and clay deposited by the Kings River
in aggradation sequences linked to Pleistocene glacial
episodes (Burow et al. 1997; Weissmann et al. 2002a).
These sediments were derived from source materials in the
Sierra Nevada that consist primarily of granitic rocks, with
lesser amounts of metasedimentary and metavolcanic
rocks (Page and LeBlanc 1969; Cehrs et al. 1980).
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Fig. 1 Study site near Fresno in the eastern San Joaquin Valley, California

The aquifer in the study area is unconfined. Locally,
water-bearing layers of sand and gravel are confined by clay
layers, but at the regional scale, the sand layers are
interconnected (Page and LeBlanc 1969). The transmissiv-
ity of the aquifer sediments ranges from about 650 to
2,000 m%day (Page and LeBlanc 1969); the hydraulic
conductivity of the individual hydrogeologic facies units
ranges over several orders of magnitude (Burow et al. 1999).

Regional movement of groundwater is southwest,
toward the axis of the San Joaquin Valley; however,
because of the intensive pumping and irrigation recharge,

the dominant flow paths in the aquifer system are

vertically downward. The horizontal gradient along the
transect is about 0.002, whereas vertical gradients between
monitoring wells varied from 0.0003 to 0.1, due to local
confining clay layers or pumping of nearby irrigation
wells (Burow et al. 1999). Groundwater in the study area
is recharged by artificial recharge from canal seepage and
infiltration of excess irrigation water; by natural recharge
from precipitation, rivers, and streams; and by subsurface
inflow from adjacent areas. Pumping is the primary
mechanism of groundwater withdrawal in the study area,
although some groundwater flows downgradient to adja-
cent areas or discharges into the San Joaquin and Kings
Rivers (Muir 1977).

Groundwater development in the study area began in
about 1880. Groundwater withdrawals increased slowly
until the 1940s and 1950s when groundwater pumping for
irrigation increased sharply (Bertoldi et al. 1991). Begin-
ning in the early 1950s, water from the San Joaquin River,
which has low nitrate and DBCP concentrations, was
diverted into canals to distribute surface water to farms in
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the study area. In 2000, about 14 m*/day of water was
used in this region; more than 90% of the water is used for
irrigation (Hutson et al. 2004). The relative proportion of
surface water and groundwater used for irrigation varies
spatially and temporally. Fields adjacent to the irrigation
canals likely receive more surface water than fields at
greater distances. During wet years, surface-water supplies
may be available during the irrigation season, but during
dry years, many farmers rely solely on groundwater for
irrigation.  Although the source of water to specific
locations varies from year to year, about 50% of the total
urban and agricultural water use is supplied by ground-
water (Fred Stumpf, California Department of Water
Resources, unpublished data, 1988; Hutson et al. 2004).

Land use and sources of DBCP and nitrate
Agriculture is the predominant land use in the San Joaquin
Valley. In the eastern San Joaquin Valley, vineyards
occupy about 19% of the more than 1.1 million ha of
agricultural land. In eastern Fresno County near the
monitoring well transect, grapes have been grown since
the late 1800s and the area of harvested grapes has
increased steadily from about 570 km? in 1958 to more
than 900 km? in the late 1990s (Fresno County Agricul-
tural Commissioner, unpublished data, 2005). The acreage
of vineyards near the monitoring well transect has
remained relatively constant during the last several
decades (Fig. 2); however, some individual fields were
converted from vineyards to other crops (primarily
orchards) between 1987 and 2000 (California Department
of Water Resources 1971, 2001).
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Fig. 2 Land use in the vicinity of the monitoring well transect

Application of DBCP to crops is not well documented,
although partial reporting of applications to the California
Department of Pesticide Regulation indicates that DBCP
was used primarily on vineyards and orchards beginning
in the 1950s; the most intensive use was between about
1960 and 1977 (California Department of Food and
Agriculture 1973; Domagalski 1997). DBCP was used
intermittently to treat nematode problems that occurred
especially in older, well-established crops; at many
locations it was used only once (California State Univer-
sity Fresno Foundation 1994). In 1977, agricultural use of
DBCP was suspended in California in response to concern
about the potential hazardous effects of DBCP on human
health (California State Water Resources Contro! Board
2002a).

The persistence of DBCP was documented in labora-
tory studies, which indicated a half-life ranging from
6.1 years (Deeley et al. 1991) to more than 140 years
(Burlinson et al. 1982). The term half-life is a radioactive
decay rate that is often used to represent organic chemical
transformation. Half-life is used here to represent the time
required for the concentration of DBCP to decrease to
one-half of the orginal value, and was determined in
laboratory studies by curve-fitting the kinetic data. Several
of the chemical and physical properties of DBCP facilitate
its transport to groundwater and its continued presence in
the aquifer near Fresno. DBCP has a relatively low vapor
pressure, 0.8 torr at 21°C, and a moderate water solubility,
700-1,230 mg/L at 20°C (Burlinson et al. 1982; US
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Other agricultural‘ or native vegetation

Environmental Protection Agency 1985). Using subsur-
face sediments from the Fresno area, Deeley et al. ( 1991)
determined that DBCP is weakly sorbed (Kp, sorption
coefficient, ranged from 0.06 to 0.07 I/kg), owing to the
predominantly low organic content of soils in this area.
Laboratory experiments by Castro and Belser (1968)
indicate that DBCP could undergo biological transforma-
tion in soils, but DBCP is resistant to biological
transformation in well-oxygenated groundwater (Bloom
and Alexander 1990) such as the groundwater in the
Fresno area. An apparent half-life for DBCP determined
from a contaminant transport modeling study (Burow et
al. 1999) is consistent with the 6.1-year half-life deter-
mined by Deeley et al. (1991). Results from Burow et al.
(1999) indicate that chemical transformation of DBCP to
2-bromoallyl alcohol (BAA) is not a dominant process,
however, and the mechanism for decreases in concen-
trations observed in the Fresno region was not determined.
Apparent decreases in DBCP concentrations may be due
to unknown transformation processes or the result of
physical processes such as hydrodynamic dispersion and
pumping and reapplication of irrigation water (Burow et
al. 1999). C

Nitrate occurs naturally in groundwater; however, in
agricultural areas, elevated concentrations of nitrate
(above background levels) occur as the result of farming
operations where nitrogen fertilizers or manure are applied
(Nightingale 1972; Owens et al. 1992), confined animal
feeding operations, and rural septic systems. In the study
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* area, confined animal feeding operations were not present,
and background concentrations of nitrate are expected to
be less than 3 mg/L (Schmidt 1972). Septic inputs were
expected to be small, relative to the contribution from the
surrounding crops, although locally they could affect
concentrations in water from individual wells. In contrast
to DBCP use in the area, nitrogen fertilizer use has
.generally increased since the 1950s (Alexander and Smith

- 1990; Battaglin and Goolsby 1994; Ruddy et al. 2006)..

Nitrogen fertilizers were applied more consistently (spa-
tially and temporally) than DBCP and continued to be
applied after DBCP use was banned.

Methods

Twenty monitoring wells were installed in 1994-1995 at
depths ranging from 21.3 to 81.7 m below land surface
at six cluster sites along a 5.9-km transect southeast of
Fresno (Figs. 2 and 3). The length of the screened
interval of each well is about 1.5 m (Burow et al. 1997,
1999). The monitoring well transect generally was
aligned in the direction of regional groundwater flow in
the study area. '
Groundwater samples were collected during 1994-
1995 and 2003 and analyzed for DBCP and nitrate
concentrations. Groundwater samples were also collected

SW

' A ) Land surface

10 B4 B3

and analyzed for CFCs and SF, concentrations to estimate
mean groundwater ages along the transect. Concentrations
of nitrate plus nitrite are hereafter referred to as nitrate
because nitrite was only detected in three samples and
accounted for less than 3% of the total nitrate plus nitrite
in those samples.

Groundwater samples were collected using protocols
developed by the USGS National Water-Quality Assess-
ment (NAWQA) program (Koterba et al. 1995) and are
further described in Burow et al. (1999). Analyses of:
DBCP and nitrate were completed at the USGS National
Water-Quality Laboratory (NWQL) in Arvada, Colorado.
DBCP samples were collected by filling 40-ml vials with
unfiltered water and analyzed by liquid/liquid extraction
followed by gas chromatography/electron-capture detec-
tion (GC/ECD; Fishman 1993). The detection limit for

.DBCP using this method was 0.03 pg/L. Nitrate samples

were filtered using a 0.45-um pleated capsule filter and
analyzed using standard methods of analysis (Fishman
and Friedman 1985). Following collection of the samples
described above, a submersible, positive-displacement
piston pump with 0.6-cm diameter aluminum tubing was
used to collect samples for analysis of CFC concentrations
using methods described by Busenberg and Plummer
(1992). The samples were analyzed for dichlorodiffuoro-
methane (CFC-12), trichlorofluoromethane (CFC-11), and
trichlorotrifluoromethane (CFC-113) by the USGS labo-
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Fig. 3 Monitoring well transect showing estimated groundwater recharge dates determined from chlorofluorocarbon (CFC) concentrations

in groundwater samples collected from wells during 1994-1995 and 2003 (refer to Fig. ! for transect location)
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ratory in Reston, Virginia, using a purge-and-trap GC/
ECD procedure (Busenberg and Plummer 1992). Samples
were collected for dissolved gases (N5, Ar, CO,, CH,, and
0O,) and sulfur hexafluoride (SFe) also. The dissolved gas
samples were analyzed by gas chromatography after
extraction in headspaces of glass samplers (Busenberg et
al. 1998), and SF4 was determined by methods described
in Busenberg and Plummer (2000).

Results and analysis

Groundwater age

Mean groundwater ages (the mean age of groundwater
reaching the wells) were estimated along the monitoring
well transect using CFC concentrations in samples
collected in 1994-1995 (Burow et al. 1999) and in 2003
(Table 1). CFC concentrations were the primary age
tracers used in this analysis; SF¢ concentrations were
used primarily to corroborate the CFC-determined ages.

In the study area, CFC-based mean groundwater age
increased with depth (Fig. 3). Groundwater in the shallow
aquifer depth zone, less than or equal to 10 m below the
water table, was generally less than 15 years old, whereas
groundwater in the deep aquifer depth zone, more than
60 m below the water table, was generally more than
45 years old (Table 1). In most samples, concentrations of
two or more tracers were evaluated and compared to
simple analytical models of groundwater age (e.g., Cook
and Bohlke 1999) using the TRACERMODEL software
(Bohlke 2005). The groundwater age interpreted from
concentrations of the various tracers were generally
concordant, indicating a lack of significant mixing
between young (1940s or younger) and old, pre-tracer-
aged groundwater. The mean groundwater ages deter-
mined from CFC concentrations were based primarily on
a piston-flow model (Plummer and Busenberg 2004),
where the ages of groundwater samples from different
depths are nearly uniform. Some samples indicated local
contamination problems and other samples had concen-
trations consistent with the early (1940s) or late (after
1990s) part of the input curve, which resulted in a greater
uncertainty in interpreted mean ages. Additional factors
considered in the interpretation of mean age included
comparison to concentrations of other solutes, knowledge
of specific site history, and fitting of a conceptual model
for position of the well in the flow system.

Mean groundwater ages determined from groundwater
flow and transport simulations (Weissmann et al. 2002b)
were older than the CFC-based mean ages-about 25 years
in the shallow aquifer depth zone and more than 100 years
in the intermediate (10~60 m below the water table) and
the deep depth zones. Simulated CFC concentrations were
similar to observed concentrations, however (Weissmann
et al. 2002b). The mean ages determined from the
simulations were older than CFC-based mean ages
because the simulated mean ages account for the full
distribution of ages of water reaching the well screens,
including water that is older than the introduction of the
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age-dating tracers into the environment. As noted by
Kazemi et al. (2006), it is difficult to accurately represent
complex groundwater-flow systems with simple analytical
models; however, the simulated age distributions resem-
bled a piston-flow type curve in the shallow part of the
system, and resembled an exponential-piston-flow- or
dispersion-type curve with depth as the proportion of
old, pre-tracer-aged groundwater increased. Conceptually,
the piston-flow part of the age distribution curves likely
represents the young fraction of water traveling through
preferential flow paths, whereas the exponential part of the
age distribution curves represent older water traveling
along slower flow paths or diffusing from fine-grained
sediments. Because the CFC concentrations indicated a
lack of significant mixing, the CFC-based mean ages
reflect the mean age of the young, piston-flow fraction of
water reaching the wells.

Change in DBCP concentrations

DBCP concentrations in 2003 persisted at concentrations
above the USEPA MCL at 7 of the 20 wells along the
monitoring well transect (Table 1), at depths of nearly
40 m below the water table. DBCP concentrations
increased in 6 of the 20 wells between 1994-1995 and
2003 but decreased in 8 other wells. DBCP was not
detected in either 1994-1995 or 2003 in the remaining six
wells, likely reflecting variability in application patterns
and the effects of heterogeneity on transport in the
subsurface. The largest changes in concentration were
decreases in the high concentrations at site B2 (Table 1) in
the shallow and intermediate depths of the aquifer,
suggesting that high-DBCP water was replaced by
recharge with low-DBCP water at this site (F ig. 4). DBCP
concentrations varied greatly near the water table. DBCP
was not detected in either 1994-1995 or 2003 at shallow
aquifer depths at sites B3 and B4. DBCP was also not
detected in the deepest wells at sites B3, B4, and BS
(Fig. 4). DBCP concentrations increased at intermediate
aquifer depths at sites B2.5, B3, and B4, and although the
concentrations were low, the largest percentage change in
concentrations between 1994-1995 and 2003 was at wells
with increases in low concentrations (Table 1). The largest
percentage change in concentration occurred at B1-3, the
deepest well along the transect where DBCP was detected.
DBCP concentrations also increased in the intermediate
and shallow depth wells at site BI, indicating that high
concentrations of DBCP have moved laterally and
downward within the aquifer adjacent to site BI.

Persistence of DBCP and initial concentrations
Using the change in concentration of DBCP and estimated
groundwater recharge dates derived from CFC concen-
trations in groundwater samples collected in 1994—1995
and 2003, an in-situ half-life estimate for DBCP in -
groundwater was calculated. The DBCP half-life was
calculated using a first-order decay equation (Domenico
and Schwartz 1998), '
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EXPLANATION

- DBCP concentrations increased by
more than 0.2 ug/l.

DBCP concentrations increased by
less than 0.2 ug/L

DBCP concentrations decreased by
more than 2 pg/L

DBCP concentrations decreased by
less than 2 pg/L

2

did not change

Fig. 4 DBCP concentrations in groundw
1995 and 2003

C,=C(1)é", (1

and

_0.693

k)

k (2)

Ly

where C, is the initial DBCP concentration, C(f) is the
DBCP concentration at time ¢, t is the time since
beginning of the reaction, k is the rate constant for a
first-order reaction, and ¢,,, is the half-life for the reaction.
The difference in concentrations of DBCP between 1994—
1995 and 2003 for wells with similar recharge dates in
1994-1995 and 2003 were used in the halfilife calcu-
lations (Table 2). Samples were paired if the estimated
recharge dates were within 1 year. In most cases, there
was only one sample from 1994-1995 and one sample
from 2003 for each recharge date. Although the first-order
reaction rate may not adequately reflect DBCP reaction
rates in the aquifer, limited data were available to
characterize the decay function, and previous work was
limited to the use of a first-order reaction rate (Burow et
al. 1999).
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DBCP was not detected and concentrations
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ater samples collected from wells in 2003 and change in DBCP concentrations between 1994—

Resulting DBCP half-life estimates ranged from 2 to
6 years, with a median of 4 years. An estimated half-life
of in this range is consistent with results of earlier work, in
which contaminant transport model results suggested that
the effective in-situ half-life of DBCP was about 6 years
(Burow et al. 1999). Although the results indicated by this
analysis compare generally well with previous estimates

Table 2 Calculated 1,2-dibromo-3-chloropropane (DBCP) half-life
from changes in DBCP concentration and groundwater age dates for
groundwater samples with common recharge dates in the eastern
San Joaquin Valley California

Calculated DBCP

Recharge DBCP in 1994~ DBCP in

date 1995 (ug/Ly 2003 (ug/L)* half-life (years)
1960 0.04 0.17 b

1977 6.4 1.1 3

1979 0.3 0.12 6

1986 2.6 0.89 5 .

1989 1.3 3.1 b

1992 2.8 0.06 2

Mean 2.2 0.91 4

Median 2.0 0.53 4

* Micrograms per liter
® Half-life could not be calculated because concentrations increased
Elapscd time between sample dates was 8.5 years
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of the in-situ half-life of DBCP determined through
contaminant transport modeling, this approach assumes
that DBCP is generally well-distributed throughout the
profile and that the mixing of older water does not affect
the calculations. A mass-balance approach would likely
provide a better estimate of in-situ DBCP half-life;
however, the data and analysis requirements to attempt a
mass balance in this system were prohibitive.

Estimated initial concentrations of DBCP in recharge
through time were calculated, again using the first-order
decay Eqs. 1 and 2 and the CFC-based and simulated
mean groundwater age estimates. Initial concentrations of
DBCP calculated using groundwater recharge dates
estimated from CFC concentrations and a half-life of
6 years ranged from less than 1 to 70 ug/L (Table 3).
Maximum measured concentrations in production wells
sampled during the early 1980s were about 50 ng/L
(California Department of Pesticide Regulation 1992,
1993, 1994). For comparison, initial concentrations of
DBCP were calculated using the simulated mean ground-
water age (Weissmann et al. 2002b). Initial concentrations
resulting from the simulated mean age were from 2 to 5
orders of magnitude higher than the estimates from the
CFC mean age (Table 3). The initial concentration
estimates from the simulation-based mean age were
extremely high because the simulated age distributions
include water that is older than the introduction of DBCP
into the environment, and, thus, the simulated mean age
does not represent the mean age of the fraction of water
containing DBCP. In 6 of 14 wells where DBCP was
detected in 2003 (B2-3, B2.5-1, B2.5-2, B3-3, B3-4, and
B4-3), estimated groundwater recharge dates from the
simulated mean groundwater ages were before 1950,
probably before DBCP was used (California State Uni-
versity Fresno Foundation 1994).

The analysis described above indicates that the mean
age determined by CFC concentrations better reflects the
age of the water containing DBCP than the -simulated
mean age because the CFC-based mean ages correspond
more closely with the timing of the input of DBCP.
Additionally, the uncertainty in the simulated mean ages
determined in the transport simulations ranged from 10 to
30 years (Weissmann et al. 2002b), suggesting that the
simulated mean ages may be a coarse evaluation of age for
interpreting changes in chemical concentrations of less
than a few decades. To accurately represent the true mean
age and predict long-term concentrations in the aquifer,
however, a complete distribution of age is needed that
includes the age distributions of both the young and old
fractions of water.

Change in nitrate concentrations and relation
to nitrogen fertilizer use
Nitrate was detected in samples from all wells along the

" monitoring well transect. Concentrations in 2003 ranged

from about 2 mg/L (as nitrogen) in the deepest monitoring
wells to 30 to 40 mg/L in the shallow wells (Table 1).
Concentrations above the USEPA MCL reached depths of

Hydrogeology Joumal

more than 20 m below the water table. As noted in Burow
et al. (1999), and corroborated with dissolved gas data
collected in 2003, groundwater along the transect is oxic.
Nitrate is expected to be persistent in the aquifer and
assumed to be transported conservatively through the
system.

Nitrate concentrations increased by more than 1 mg/L
between 1994~1995 and 2003 in 12 of 20 wells along the
monitoring well transect (Table 1). Increases in nitrate
concentrations were the greatest in the shallow part of the
aquifer (Fig. 5). Nitrate concentrations in shallow wells
at sites B2, B3, B4, and BS increased by 8-23 mg/L. A
plum orchard was in production immediately upgradient
from site B3 during the 1990s, and other citrus and
nectarine orchards were planted upgradient from site B4
by 2000. Nitrogen fertilizer application rates are typically
much higher for orchard crops (158 kg/ha/year) than for
grapes (60 kg/ha/year; Rauschkolb and Mikkelsen 1978),
although it is not known whether the high nitrate
concentrations are due to the differences in crops or
whether other sources of nitrate or management practices
may have affected concentrations at these sites.- Nitrate
concentrations increased at a slower rate in wells
screened in the intermediate part of the aquifer. Nitrate
concentrations generally increased less than 1 mg/L in
the deepest wells and remained at concentrations of less
than 3.0 mg/L in the intermediate and deep wells at sites
B1, B3, and B4. :

Nitrate concentrations were compared to nitrogen
fertilizer applications to evaluate whether the observed
changes in nitrate concentration in recharge through time
could be explained by fertilizer use. Using a method
outlined” by (Bo&hlke 2002), nitrate concentration in
recharge water from nitrogen fertilizer applications were
estimated using groundwater recharge dates and data for
county-level fertilizer applications. Based on the mean
groundwater age from CFC concentrations, a lincar
groundwater age gradient was characterized, indicating a
constant vertical water velocity with depth (Cook and
Béhlke 1999). Although the aquifer in the study area is a
heterogeneous mixture of alluvial fan sediments, the
aquifer receives distributed recharge and lacks extensive
confining clays, which is consistent with a generally linear
or logarithmic age gradient with depth. The estimated
recharge rate, r, was calculated using the equation,

r=nZ/r, | 3)

where n is the effective porosity, Z is the saturated
thickness of the aquifer, and 7 is the mean age of
groundwater in the aquifer (Cook and Bohlke 1999;
Bohlke 2002). An effective porosity of 0.3 was calculated,
assuming an effective porosity ranging from 0.2 to 0.35
and using the proportion of each of the four hydrogeologic
facies identified in the study area (Weissmann and Fogg
1999). A saturated thickness of about 50 m was assumed.
A mean age of groundwater of 24 years was calculated by
averaging the apparent CFC-based mean ages from 1994—
1995 and 2003 concentrations (Table 1). The resulting
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1995 and 2003

estimated recharge rate was 0.6 m/year. The mean age of
groundwater used in the estimate of the recharge rate is
based on the CFC mean ages because the elevated nitrate
concentrations are likely contained within the piston-flow
component of the age distribution, which appears to be
adequately represented by the CFC-based ages. The ni-
trogen application was estimated by dividing the reported
application by the area of fertilized land in the county, as
determined from annual crop estimates, and assuming
that 50%. of the nitrogen fertilizer reached the water
table.

Estimated mmal nitrate concentrations in recharge,
represented as observed nitrate concentrations and esti-
mated groundwater recharge dates, generally increased
over time (Fig. 6). Estimated nitrogen fertilizer applica-
tions also generally increased over time. The axes

" representing initial nitrate concentration and nitrogen

fertilizer application are quantitatively related through
the recharge rate such that the application amount on
one axis corresponds to the expected concentration in
recharge on the other axis (Fig. 6). The estimated nitrogen
fertilizer applications were higher than observed nitrate
concentrations before about 1980. After this time, the
observed nitrate concentrations appear to have increased
significantly, whereas the nitrogen fertilizer applications
leveled off.

The analysis using nitrogen fertilizer applications may
cause thc amount of nitrogen expected in the groundwater
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samples from annual fertilizer applications to be over-
estimated because the applications do not account for the
wide range of ages represented in each groundwater
sample: each fertilizer application amount is associated
with only 1 year. Therefore, the nitrogen fertilizer
applications were corrected using the distribution of
groundwater age from simulations of Weissmann et al.
(2002b). The estimated fertilizer application was applied
to the fraction of water for each year for each well for
which an age distribution was simulated. Before about
1970, the resulting age-corrected nitrogen fertilizer appli-
cations correspond more closely to the observed nitrate
concentrations than the uncorrected applications, but after
1970, the age-corrected applications appear to be much
lower than the observed concentrations (Fig. 6). Local
variability in management practices may have contributed
to the high observed nitrate concentrations in recent years.
The highest observed concentrations are at site BS;
concentrations of nitrate were 31 mg/L in 1994-1995
and 40 mg/L in 2003. The history of land use at this site
includes vineyards and comn in 1986 and vineyards and
orchards in 2000; vineyards comprise about 50% of the
area around the well. Consistently high nitrate concen-

lrations relative to those at the other sites along the

transect may be due to the presence of orchards and/or
corn, which typically receive much more nitrogen fertil-
izer than vineyards. Concentrations of 30 to 40 mg/L were
observed in.samples from other wells in the eastern San
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Joaquin Valley representing groundwater beneath almond
orchards and comn, alfalfa, and vegetable crops (Burow et
al. 1998a). _

The discrepancy between observed nitrate concentra-
tions and nitrogen fertilizer applications may also have
been caused by evapoconcentration of nitrate as ground-
water containing nitrate was pumped and reapplied as
irrigation water (Nightingale and Bianchi 1974). Burow et
al. (1999) indicated that recycling of groundwater through
groundwater pumping and reapplication of irrigation water
was likely a dominant process in the study area. This
process is likely to result in increasing concentrations of
nitrate even without increasing fertilizer applications.
Because of the complexity of the groundwater system in
this area, however, it is difficult to separate the effect of
the recycling of groundwater from other processes such as
the mixing of groundwater and surface water used for
irrigation and local variability or changes in management
practices over the long term. Surface water supplied for
irrigation has low nitrate concentrations and using this
water would result in lower nitrate concentrations in
recharge than groundwater-derived irrigation water.

Long-term changes in water quality in the regional
aquifer '

Nitrate concentrations from samples collected from the
local network of monitoring wells along the transect were
compared to nitrate concentrations in regional areal
networks to evaluate whether concentrations observed
along the monitoring well transect near Fresno were
reflected in regional areal networks in the eastern San
Joaquin Valley. Concentrations along the transect were
compared to networks of domestic and monitoring wells
sampled as part of the NAWQA program (Burow et al.
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199%a,b) that represent shallow groundwater conditions
throughout the aquifer underlying the eastern San Joaquin
Valley, an approximately 16,000 km? area. Concentrations
along the transect were also compared to concentrations in
nearby public-supply wells sampled for regulatory com-
pliance monitoring (Wright et al. 2004). The public-
supply wells are typically deep and have long screened
intervals. .

Nitrate concentrations from wells in the regional areal
networks sampled in 2001-2002 were grouped by well
type and well depth below the water table to characterize
nitrate concentrations in the different parts of the used
resource and to extrapolate concentrations areally to
other parts of the regional aquifer. In the regional
aquifer, domestic wells are generally screened in the
shallow part of the aquifer, whereas public-supply wells
tend to be screened in the deeper part of the aquifer.
Monitoring wells included in the analysis from the
regional areal networks are screened near the water
table. Similar to conditions observed along the transect,
groundwater in the areal networks is typically oxic
(Burow et al. 1998a,b). Nitrate is expected to be persistent
in the aquifer and assumed to be transported conserva-
tively through groundwater. -

Nitrate concentrations are the highest and most variable
in the shallow monitoring wells in the areal networks;
variability and concentration decrease with depth (Fig. 7).
Highly variable concentrations of nitrate at the water table
are expected, even with relatively constant fertilizer
applications, because of the heterogeneous distribution of
sediments and the high variability of nitrate in the
moderately thick vadose zone (Harter et al. 1998). The
observed decrease in concentration with depth could be
due to dispersion and mixing as nitrate moves farther from
the source of nitrate in recharge; however, the decrease in
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concentrations with depth is also consistent with an
increase in nitrogen fertilizer applications over time
(Fig. 6). In the shallow and intermediate depths in the
aquifer, concentrations increased between 1994-1995 and
2003 to concentrations similar to those observed at the
water table in 1994-1995, indicating that the elevated
concentrations at the water table did not attenuate
significantly as groundwater moved deeper in the system.

CFC-based mean groundwater age in the monitoring
wells along the transect were used to estimate the mean
age of groundwater at the depths of the domestic wells;
the groundwater in the domestic wells was estimated to be
about 20-30 years old. However, mean groundwater age
of about 6 years was determined from 18 domestic wells
sampled for CFC concentrations in eastern Fresno and
Tulare Counties (Spurlock et al. 2000). Despite the
apparent differences in groundwater ages, nitrate concen-
trations observed in the local network of monitoring wells
along the transect are within the range of observed
concentrations in the areal networks at the same depths.
The estimated age of groundwater in domestic wells could
be younger than momtonng wells screened at the same
depths because of pumping.
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Using a similar analysis as described above, CFC-
based mean groundwater age at the depths of the
public-supply wells are about 30-50 years old. To the
extent that the areal networks reflect processes observed
in the local network of monitoring wells along the
transect and based on chemical data indicating that the
aquifer is generally oxic, high nitrate concentrations at
the water table in the regional aquifer will likely move
deeper in the system without significant attenuation of
concentrations over time. However, the proportion of
water older than the age-dating tracers increases with
depth. The simulated age distributions in the deepest
monitoring wells along the transect indicate that
groundwater at the depth of the public-supply wells
contains from 0 to 40% young water and mean ages are
100 years or more (Weissmann et al. 2002b). Although
some young water containing elevated concentrations of
nitrate concentrations may reach the deeper wells
relatively rapidly along preferential flow paths, the
distribution of ages of the old fraction of water reaching
the well will control the length of time for concen-
trations of nitrate to reach levels of concern (MCLs) in
the public-supply wells.
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Although DBCP was applied less consistently through-
out the eastern San Joaquin Valley, causing detection
frequencies to vary more, a similar analysis was done
using wells from areal networks representing the almond
and vineyard land-use settings (Burow et al. 1998a).
DBCP was used most commonly on permanent crops such
as orchards and vineyards. In contrast to nitrate concen-
trations, water along the monitoring well transect having
the highest median DBCP concentrations of 0.17 pg/L
was in the intermediate depth zone, at a depth comparable
to that of the areal domestic well networks (Fig. 8). DBCP
was detected in 49% of the domestic wells in the areal
network; 33% exceeded the USEPA MCL of 0.2 pg/L.
DBCP was detected in less than 50% of the areal domestic
network wells, and, therefore, detection frequencies
instead of concentrations were used for comparison to
concentrations along the monitoring well transect. The
median DBCP concentration in the shallow wells along
the monitoring well transect, 0.12 pg/L, was lower than
the concentration in the intermediate depth zone. Similar-
ly, detection frequencies for the areal networks were lower
for the shallow depth wells than the intermediate depth

Depth to screen
midpoint, (m below
water table)

Approximate
mean age with

wells. DBCP was detected in 30% of the areal monitoring
well networks at shallow depths; 10% exceeded the
USEPA MCL. Because overall detection frequencies and
concentrations at the water table appear to be about one-
half of those at the depth of the domestic wells, and
concentrations of DBCP in the shallow monitoring wells
along the transect decreased between 1994-1995 and
2003, DBCP concentrations in domestic wells likely will
not increase in the future, DBCP was not detected in
public-supply wells in Fresno above the detection limit of
0.5 pg/L (Wright et al. 2004); however, small increases in
concentration along the monitoring well transect suggest
that DBCP detections and concentrations may increase at
the depths of the public-supply wells in the future.
Because of the dominantly vertical-downward flow
paths in the aquifer system and the lack of significant
attenuation mechanisms, high concentrations of DBCP
and nitrate are expected to move downward over time,
which would result in increasing concentrations in the
deeper domestic and public-supply wells in the future. The
length of time to reach concentrations of concern will
depend on the age mixtures in water in the wells. Further
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characterization of ages of the older fraction of water in
the regional aquifer is needed to better predict future
impacts on the aquifer resource.

Conclusions

Mean groundwater ages determined from CFC concen-
trations along a monitoring well transect in the eastern San
Joaquin Valley, California indicate that groundwater less
than about 10 m below the water table is generally less
than 15 years old, whereas mean ages of water at depths
of more than 60 m below the water table are generally
more than 45 years old. DBCP concentrations in ground-
water persist at concentrations above the USEPA MCL
more than 25 years after its use was banned, although high
concentrations of DBCP in the shallow and intermediate
depths of the aquifer have been replaced by recharge
consisting of water with low DBCP concentrations. DBCP
concentrations increased in samples from deep wells along
the transect as DBCP moved deeper in the aquifer.

Using the changes in concentration of DBCP and the
difference in mean groundwater age between samples
collected in 1994—1995 and 2003, an estimated half-life of
2—-6 years with a median of 4 years was determined. This
half-life is in the range of earlier analysis and contaminant
transport modeling results indicating a half-life of about
6 years (Burow et al. 1999). Initial concentrations of
DBCP calculated assuming first-order decay and using
groundwater recharge dates estimated from CFC concen-
trations and a half-life of 6 years were consistent with
historical data on observed maximum concentrations in
the aquifer. Calculations of initial concentrations of DBCP
using simulated mean groundwater ages at the study site
(Weissmann et al. 2002b) were inconsistent with observed
concentrations because the simulated mean age accounts
for ages of groundwater that are older than the age-dating
tracers. Although the full age distributions are needed to
interpret overall travel times in the aquifer and predict
future impacts, the mean age of the young fraction of
water determined using CFC concentrations better reflects
the age of the water containing DBCP than the simulated
mean age in this analysis of temporal changes in DBCP
concentrations.

Nitrate concentrations ranged from about 2 mg/L in the
deepest monitoring wells to 30 to 40 mg/L in the shallow
wells, with concentrations above the USEPA MCL reach-
ing depths of more than 20 m below the water table.
Nitrate concentrations increased from 8 to 23 mg/L in the
shallow part of the aquifer between 1994-1995 and 2003.
Estimated . initial concentrations of nitrate in recharge
indicate an overall increase in nitrate concentrations
during the last 50 years, which is generally consistent
with increases in nitrogen fertilizer applications. Transport
simulation results were used to correct estimates of
nitrogen fertilizer loads to account for the full groundwa-
ter age distribution reaching the well screens (Weissmann
et al. 2002b). Elevated nitrate concentrations resulting
from pumping groundwater with high nitrate concentra-

Hydrogeology Journal

tions and reapplying it as irrigation water may explain
elevated concentrations in later years. ‘

DBCP and nitrate concentrations along the monitoring
well transect were compared to concentrations in areal
monitoring networks. Overall, concentrations along the
monitoring well transect were similar to concentrations in
the areal networks, suggesting that the dominant processes
affecting nitrate concentrations may be similar at both
local and regional scales. Nitrate concentrations were the
highest and most variable in the shallow monitoring wells
in the regional areal monitoring networks; the variability
in nitrate concentrations and median values decrcased
with depth. Because of intensive pumping and irrigation
recharge, the dominant groundwater flow paths in the
aquifer system are vertically downward. High concen-
trations in the shallow part of the aquifer could be
expected to move downward over time, which would
result in increasing concentrations in the deeper domestic
and public-supply wells in the future as water with high
nitrate concentrations moves deeper in the groundwater
system. Therefore, to the extent that the areal networks
reflect processes observed in the monitoring wells along
the transect and based on chemical data supporting that
the regional aquifer is generally oxic, it is likely that high
nitrate concentrations at the water table in the regional
aquifer will move deeper in the system without significant
attenuation of concentrations over time, affecting both
domestic and public-supply wells in the regional aquifer.
In contrast to nitrate concentrations, the highest DBCP
concentrations were in intermediate depths in the aquifer.
DBCP concentrations in shallow and intermediate depths
in the regional aquifer represented by domestic wells will
likely not increase in the future; however, increasing
detection of low concentrations of DBCP may occur in
public-supply wells open to the deepest. parts of the
aquifer as DBCP moves deeper in the system.

The analysis of spatial and temporal data on agricul-
tural constituents such as DBCP and nitrate and indicators
of mean groundwater age, are a useful approach to
understanding the movement and fate of agricultural
chemicals in the aquifer and in predicting future impacts
on the resource. The data indicate that anthropogenically
impacted water containing DBCP and nitrate has reached
the deepest wells along the transect, at depths that
corresponding to the depths of typical public-supply wells
open to the regional aquifer. Mean ages determined from
CFC concentrations correlate with the age of the anthro-
pogenically impacted water; however, the CFC-based ages
did not characterize the distribution of pre-tracer-aged
groundwater. The simulated groundwater age distributions
in the monitoring wells (Weissmann et al. 2002b) indicate
that these wells contain a large fraction of old water,
resulting in mean ages of 100 years or more. Assuming
that DBCP and nitrate will continue to move deeper in the
system, the length of time for concentrations of DBCP and
nitrate to reach levels of concern in the public-supply
wells in the regional aquifer will depend on the distribu-
tion of ages in water from those wells. Further character-
ization of the distribution of ages in the regional aquifer is
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needed to better predict future impacts of anthropogenic
chemicals on the regional aquifer.
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Assessing the Vulnerability of Public-Supply Wells to Contamination

from Urban, Agricultural, and Natural Sources
By Sandra M. Eberts, Martha L. Erwin, and Pixie A. Hamilton

What are the most important factors controlling contamination of public-supply wells, and how can we do a better job
of predicting their vulnerability to contamination?

In 2001, the U.S. Geological Survey’s
National Water-Quality Assessment

- (NAWQA) Program began an inten-
sive study to assess the vulnerability of
public-supply wells to contamination
from a variety of compounds.

The study builds on previous
NAWQA studics from 1991 to 2001
that found low levels of mixtures of
contaminants in ground water near the
water table in urban areas across the
Nation (in about 90 percent of moni-
toring wells) and, less frequently, in -
deeper ground water typically devel-

ped for public supply (Hamilton
and others, 2004). Data from more
than 1,000 public-supply wells within
major water-supply aquifers are being
evaluated in this study, and data from

more aquifers and wells are scheduled

to be added in 2009 (sec map, p. 4).

This NAWQA study is focusing on
the transport and chemical breakdown
of selected anthropogenic contami-
nants from urban and agricultural
sources, as well as contaminants from
natural sources, within that part of
the ground-water system contribut-
ing water to public-supply wells.
Scientists are investigating how the
linkage between contaminant sources
and public-supply wells is affected
by processes that occur below land
surface—whercby contaminants are
mobilized, dispersed, diluted, volatil-
ized, adsorbed, and (or) degraded.
Scientists are also investigating how
the operation of public-supply wells
can affect their vulnerablhty to con-
‘ammanon

Because subsurface processes and
management practices differ among
aquifers and public-water systems,
public-supply wells in different parts
of the Nation are not equally vulner-
able to contamination, even where
similar contaminant sources exist. The
study is identifying these important
differences, as well as similarities, in a
complementary set of aquifer sys-
tems, urban settings, and public-water
systems.

A national priority, a scientific
challenge

About one-third of the U.S. population
gets drinking water from public-supply
wells. The occurrence of contaminants
in these wells is highly variable (U.S.
Environmental Protection Agency,
1999). To safeguard public health, we
need a better understanding of how
these wells can become contaminated.
Understanding public-supply well
contamination is also an cconomic
issue because cleaning up contami-
nated ground water is expensive and
difficult. Drinking water from public-
supply wells must meet U.S. Environ-
mental Protection Agency (USEPA)
and (or) State water-quality standards.
Vulnerability assessments based on
sound science will help decision-mak-
ers predict which wells arc vulnerable
to contamination and design strate-
gies to prevent future contamination,
thereby sustaining the water supply.
Vulnerability assessments, however,
are inherently uncertain. Scientists
do not fully understand contaminant
behavior in the subsurface, and there

are limitations in the databases and
models used to perform the assess-
ments (National Research Council,
1993). An additional challenge is

the need to strike a balance between
complex, costly assessments and those
that are oversimplified (Focazio and
others, 2002). As a result, ground-
water vulnerability has been assessed
using many different methods (Nolan,
1998); most of the previous assess-

3AEContam|nants assessed in .

"vthls study

:- Anlhropogumc contammanls _
. including nitrate, pesticides and their
breakdown products (such as atrazine
.+ and deethylatrazine), compounds
-+ found in wastéwater; and volatile”
;- organic compounds (such as MTBE
“and dxslnILcllon by- produus)

' Naturally occumng contaminants,
“including arsenic, u1amum - radon,
and radlum

Fecal»contammation, using indica-  :
tors such as E. coli and total coliform
_ (bacteria) and Lohphagu (d group of

vxruscs) s
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urban recharye

-. Ground-water vulnerability—the

* likelihood that contaminants will
reach a specified reference location’
-in a ground-water system (the water
table, deep within the aquifer, a pub-
‘lic-supply well, the interface between

- ground and surface water) (National
Research Council, 1993).

Area contributing recharge—the
surface arca at the water table or a,
surface-water body from which waler
entering the ground-water system:
eventually fTows to the well. Esti-
mates of areas contributing recharge

_ to public-supply wells are made in

- order to target ground-water protec-
tion practices (Franke and others, -
1998).

Ground-watcr age—the time clapch
* (ranging from days to millennia)
_since water reached the water table
during recharge. Young ground -
water tends'to be more susceptible to
-, contamination from current sources
" .at the land surface than older ground
~water (Focazio and others, 2002).
Walter discharging from a'well is usu-
ally a mixturé of watus of dlfforum
ages.: Sl

Ground-water sustainability—the
development and use of ground- )
water resources in'a manner that can -
be maintained indefinitely without :
unacceptahle consequences (Alley
and Leake, 2004). Water quality and

water quantity are equally critical for

the long-term sustainability of the
Nation's water supply (U.S. Geologi-
cal Survey, 2002).

agricultural recharge

NOT T0 SCALE
An aquifer system and public-water system in an urban setting. The water entering the well
screens of the public-supply wells is of different ages and from different areas because of their
long screened intervals, which commonly make public-supply wells vulnerable to contamination
from multiple sources. In this example, sources of contaminants may include those associated with
urban and agricultural land-use activitics. Aquifer materials may also serve as sources of natural
contaminants such as arsenic.

ments have focused on the transport of
contaminants to the water table rather
than to public-supply wells.

In the current study, we address
the challenges of vulnerability assess-
ments by collecting and analyzing
similar data within a variety of set-
tings, including unique data collected
using new tools. We are developing a
library of site-specific models to help
sort out the most important factors to
include in vulnerability assessments in
different settings at both regional and
local scalcs.

Study results will provide a foun-
dation for assessing the vulnerability
of the Nation’s public-supply wells
to a variety of contaminants, and will
help those involved in well siting and
water-quality protection anticipate
the response of different systems to
changes in management practices.
The results also will be useful 1o those
involved in planning and implement-
ing State source-water assessment and
protection programs, as guided by the
USEPA (U.S. Environmental Protce-
tion Agency, 1997).

General objectives of the
study

* Identify the dominant contaminants
and sources of those contaminants
in public-supply wells in represen-
tative water-supply aquifers across
the Nation

* Assess the effects of natural pro-
cesses (such as degradation) and
human activitics (such as irrigation
on the occurrence of contaminants
in public-supply wells in represen-
tative aquifers

* Identify the factors that are most
important (o incorporate into
public-supply well vulnerability
assessments in different settings
and at different spatial scales

* Develop simple methods and
models for screening public-supply
wells for vulnerability to contami-
nation in unstudied areas and from
newly emerging contaminants

* Increase understanding of the
potential effects of water-resource
development and management
decisions on the quality of water
from public-supply wells

Unique characteristics of
the study

Sampling at different depths

The screened or open intervals of
public-supply wells are commonly
from tens to hundreds of feet in length;
therefore, water from these wells is
generally a mixture of waters of differ-
ent ages that enter the well at different
depths and are associated with differ-
ent potential sources of contamination.
The graphic on this page illustrates a
situation where recharge to public-sup-
ply wells reflects urban and agricul-
tural land-use activitics. Specifically,
water recharges the aquifer in the
urban area containing urban-related
contaminants, such as volatile organic
compounds, and enlers the well
screens above water that has traveled
from the more distant agricultural area
where recharge water may contain
contaminants such as agricultural
pesticides.

Using a USGS-developed sampler

_(Izbicki, 2004), we are collecting

public-supply wells to ascertain where
and how contaminants from different

samples at multiple depths in pumping ‘




sources enter the wells. For example,
samples collected {rom public-supply
wellheads and analyzed for concen-
‘rations of multiple contaminants are
being “dated” to determine ground-
water age and compared to samples
and ages of water entering the wells at
_various depths (see graph below). This
analysis is helping to evaluate the use-
fulness of ground-water age samples
from wellheads lor predicting the risk
of contamination.

Evaluating multiple settings and
scales

Consistent methods are being used to
collect and analyze data, and investi-
gations are being conducted at both
regional (tens to thousands of square
miles) and local scales (less than

10 square miles). We can therefore
compare and contrast results and
identify the most important processes
to include in vulnerability assessments
applied at different scales and in a
variety of water-supply aquifers. For
example, nitrate is detected in ground
‘water in most participaling study

areas. The distribution and concentra-
tion of nitrate between the water table
and public-supply wells are controlled
predominantly by dilution in some

areas and by dispersion or degradation

in others. Using models developed for

each study area, we are exploring how
these differences in subsurface pro-
cesses affect the response of different
aquifer systems to common manage-
ment praclices.

Exploring the consequences of
uncertainty

To make informed decisions about

_activities at a particular location, deci-

sion-makers need to know whether

the location is contributing recharge

to public-supply wells. They also

need information about traveltimes
between potential contaminant sources
and public-supply wells. Because

this information cannot be measured
directly, decision-makers must rely on
estimates that are inherently uncertain
(due to limitations in the methods). We
are exploring the consequences of this
uncertainty, and helping decision-mak-

ers understand these consequences, by
comparing estimates {rom traditional
and probabilistic modeling approaches
with actual water-quality data from
public-supply wells.

How this information can
be used

Study results, models, and other deci-
sion-support tools will apply to broad
classes ol contuminants, including
ncwly identified, cmerging contami-
nants, and will help water managers
and scientists:

* Better understand how and why
contamination of public-supply
wells occurs

* Improve assessments of the vulner-
ability of ground water and pub-
lic-supply wells to contamination,
even in unmonitored arcas

* Choose new sites for water supply
and develop and prioritize monitor-
ing programs

« Evaluate various resource-develop-
ment and management scenarios.
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Inflow at different depths within a public-supply well. The aerial photo shows an approximately 63-square-mile area near the well. Water
entering the well screen is associated with different potential sources of contaminants because of the different land-use activities in the areas
contributing recharge to various intervals along the well screen, as well as the difterent aquifer materials through which water flows between
the recharge areas and the well. The amount of contamination that might be contributed by any given interval is related to the volume of water
that flows into the well along the interval and the concentration of any associated contaminants. Depth-dependent samiples are a composite of
all intervals beneath the sampling point; these samples are being analyzed for chemical quality and ground-water age and then compared to




£ Aquifers composed of
glacial deposits

EZA Central Valley aquifer system

E%% Basin and Range basin-fill and
carhonate-rock aquifers

Denver Basin aquifer system
 #% High Plains aquifer

& Rio Grande agquifer system

59% Edwards-Trinity aguifer system
Hi% Floridan aquifer system
Surficial aquifer system

Madified from USGS, 2003

2 . . .
© Pomperaug River Basin, Connecticut

j © Northeastern San Joaquin Valley, California
® tagie Valley and Spanish Springs Valley, Nevada
‘e Salt Lake Valley, Utah

PUBLIC-SUPPLY WELL STUDY AREA:

! ® Great Miami River Basin, Ohio

® Regional-scale studies © Additional local-scale studies
¢ ® central Denver Basin, Colorado
70 Eastern High Plains, Nebraska
zo Middle Rio Grande Basin, New Mexico
© South-Central Texas, Texas
Yo Central-Northern Tampa Bay Region, Florida

Locations of regional-scale studies of public-supply well vulnerability to contamination from urban, agricultural, and natural sources.
Studies began in 2001 in eight States, in Texas and New Mexico in 2005, and are scheduled for Illinois and New Jersey or New York in 2009.
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* The NAWOA Program

. The Siudy of public-supply well vulner-

"**build upon {indings that show how natural
[features and human activities affect water
-quality and aquatic ecosystems. B

ability is one of five national priority topics =

being addressed by the NAWQA Program - '::

in its second decade, which began in 2001,

. Other topics include effects of urbanization

on stream ecosystems; ecological effects
of nutrient enrichment; mercury in stream_

- ecosystems; and sources, transport, and
. ate of agricultural chemicals, In addi-... = -
. 1ion, anthropogenic organic contaminants -

- 'in’source waters'for:many of the.Nation’s .
+ largest community:water systers are being . - -
~assessed; concentrations in source waters ¢

are being compared to concentrations in
finished watérs. During the Program’s first . ;

- decade, NAWQA scientists assessed sur- =
_face- and ground-water chemistry, stream - ;
. hydrology, habitat. and biological com-

munities in 51 major river basins (*'Study. -
Units™; see map at http:/fwater.usgs.gov/ ™

" nawqq). Baseling-assessments of pesticides, |
" nutrients, VOCs, trace elements, dissolved .
.. solids, and radon, and of the condition of
- aquatic habitats and fish, insect, and algal”
- communilics arc described in_hundreds of

reports, available at the Web site above. - -
Reassessments planned in 42 of the Study -

Units in.the Program’s second decade will .

determine trends at many of the streams -
and ground-water sites; fill critical gaps in
the characterization of water quality; and




Summary of Constituents Above Drinking Water Standards

GAMA Voluntary Domestic Well Assessment Project - Tulare County

enctosin=Ciy)

Number of . Constituent Number | Range of values Primary Secondary DHS Notification
Wells Above of Wells MCL MCL Level
MCL* Sampled .
BACTERIA INDICATORS
60** [ Total Coliform 181 _ Present | Present | | -
INORGANICS
2 Aluminum 275 - 450 pg/L 1000 pg/L 200 pg/L
3 Arsenic 10.4 - 14 pg/L 10 pg/L
1 Beryllium 113 pg/L 4 pg/L
1 Boron 48.4 mg/L 1 mg/L
2 Chromium 76.7 - 91.9 pg/L 50 pg/L
2 Iron 608 - 650 pg/L 300 pg/L
2 Manganese 181 96.5 - 172 ug/L 50 pg/L 500 pg/L
5 Nickel 100 - 213 pg/L 100 pg/L
75 Nitrate (as Nitrogen) 10 - 54 mg/L 10 mg/L
5 Nitrite (as Nitrogen) 1.7 -13.4 mg/L 1 mg/L |
4 Specific Conductance 1820 —2060 pmhos/cm 1600 pmhos/cm
6 Thallium 2.1-7.32 pg/L 2 pg/L
4 Total Dissolved Solids 1002 - 1014 mg/L 1000 mg/L o
14 Vanadium 50-92.9 pg/L 50 pg/L
1 Zinc 17,300 pg/L 5000 pg/L
ORGANICS
8 Dibromochioropropane 0.283 - 1.3 g/ 0.2 pyg/L
(DBCP)
1 1,2 Dichloroethane 181 0.78 ug/L 0.5 pg/L
(DCA)
1 1,2,3 Trichloropropane 0.8 pg/L 0.005 pg/L
PERCHLORATE
2 | Perchlorate 40 _ 7.9-13 pg/L _ | _ “6ugll
) RADIONUCLIDES
1 Uranium 228 pCi/ll. - 20 pCilL ’
1 Radium 226+228 13 5.1 pCilL 5 pCill ‘
3 Gross Alpha 15.1 - 602 pCi/L 15 pCi/L

_* MCL — Maximum Contaminant Level for public drinking water supplies established by Calif. Dept of Health Services
=+ Fifteen of those wells testing positive for total coliform also tested positive for fecal coliform
**« MCLs have not been established for these constituents

mg/L — milligrams per liter

12/12/06-

pg/L — micrograms per liter

..‘

pmhos/cm — micromhos per centimeter
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