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Foreword

Tran_portationirehned envlronnlelll;LJ impacls are increa_i.gJy the erbical deterntilnnlls ill
transportation decisions, Noise and air qualily ate two of the mo_l directly affectud filctors
of tr_lnsportation. II ix tbereforc inlperativc dnn research in tbis area continue and that the
resulls of studies are reported in a systematic way, "rbe papers in this Record reporl on
selected studies on aircraft, i_ighway and rail transil noise, and on trnn_portation-relamd air
pollution.

Feilelson quesdtms the way tbal airporl noise miligation funds ;ire allocated. Although i
noisemups generally reflecl currenl nniseconditions, il isargued thin pr_:dictcd noise forecasts i
;ire unccmain. He suggesmthal it is more efficienl to relate miliginion expenditures IO mon,
ilored noise, rather lhlln forecasted noise. This approaeb is more cquilahle, and il shifts the
focusof public debale from forecast assulnplions to criteria for noiseabatement.

Force and Hochman discnss highway noise issuesand describea New Jersey Departnlenl
of Transportation procedure to evaluate nuise impacts for vacilnl blltd on which developmenl

, is planned. Early detection nf proposed residential deveinpnlenl is essential to avoid delays
and costly redesigns. Schuster and %Vongruporl on an invcsligadon of the Pennsylvania
Turnpike widening. The project described in lhe paper involves the insmllnllon of exlensiv¢
noisewall barriers along tbe Turnpike. whicil was widened fronl fuur tu six lanes. AI 16 of
the ._7sit_s investigated, the noise level exceeded established noise abutelnenl criteria, and
those sites required noise barriers. After studies were cnmpleted to compare aclual will)
predicled and exisl[ng noise levels, lhe decreaseranged from 2.9 dBA Io I3.fl dBA.

Pendakur and McLenn describe Iheir noise impact study of the Vancouver, Canada, Auto-
mated Light Rail Transit syslem. Noise measurementswere tnken to establish relationships
between nois_ levels alld lhe distanc_ from th_ guideway, and to relale residenls" noise
perception to lhe measured impacl. In general, residents' perceptions in tile zone of high
impact are relatively consistent with the measured noise levels, whereas Ibose in rite Iow-
impacl zones are snmewhal exaggeraled. The authors conclude lhnl noise prevention and
miligiltion of negative impacts must he purl of new systemplanning. Nelson discussesthe
aerial slruclurc noise reduction effectivenessof resilient rail fastelle[sbased [111 data collected
by lhe New York City Transit Aulhorily and lhe Washinglon Melropolilan Area Transit
Aulhordy.

One paper deals directly with air pollution, Wnyson and Bowlhy presenl a descriplion of
file Iools and melhodologies available for conducting a delailed, accurale assessmenl of air

pollul_mt emissions from airport operations. The common pitfalls are discussed along _ith
the methods used to overcome difficulties in eslimaling emissions.

Knushki analyzes the environmenlal impact of lransporlalion systems on air qualily and
noise levels for Riyadh, Saudi Anlbia, Findings indicale thai traffic-generated noise and
carbon monoxide air pollution were in excess of permissible standards by a considerable
margin. The aulhor concludes that increased mobilily favoring Ihe private mode of mlvel by
responsible aulhorities has created a significant negative intpact on rite urban environment.

Some scientists predict thal over the next 1O0years temperatures will rise 5 In 9 degrees
Fahrenheit resulting in a rise in Ihe sea level of 2 In 5 ft. Hyman, Miller, and Walker discuss

the possible impacls of such a global climate change on urban Iranspurlnlion. The uncerndnly [ /
of fu_uturete_eralures _UJz_eslsincreasing Ihe safety factor currently designed into expansion / /
joints on bridges and major roads, and reexamJnin_ Ihe heal tolerances of r_lracks. J/-_
Rising sea level could have an exlenslve ii'_lpamon cities near the sea. The authors suggest (
that design standard and siting criteria should be reassesscd in lighl of likely climale changes, j
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Efficiency, Economic Incentives and
Noise Treatment Policy: The Ben-
Gurion Airport Experience
[;RAN FEITELSON

Alrcratl illli_e It IIl_ nloM prominelll .eg_the e_ erna ¢ of : lr* nlents Ior ;dqlorl nuJsu IllhJgatJon, _hl_l "_lUdJes ilrld applJ-
pl)¢t_i, h bus h_en the nlain _ollrCe ill* ellnllllnnity ilppo**lt_Ollhi ¢; ol/ LI_ itl_e- eatud charge*. Ioeu_ tli ¢ i Jr n_s, In the
aIrpiJrl deveh)pnlenl I)l_ln_. The ¢llrrenl apllr(_ach to alrp,rl IhJrd _¢l:tion, il _h111_I¢;dr['Jnrt-LlrJented ilpproach to noi_c inlt-
nlfl_ ngtigulion elnpllll_ize_ hlllg,tc'rnl conlpal[hility, h h ha_c,d i_ltil)ll h, _u_ge_led, "l'hl_. ;q_prl)ach is _hnwn tl_ prt_ide ;11)
cnl tdnnd_ltd_ fi)r idrerarl filmise_nlI*,_hm_iand the Ilrolnulgathm ecl_nonli¢ iNc_nti_u for llirporls to LipL,rate ill _1noi_e-_¢ll_itiv_:

o1"Ilirp0rl rlf_l_e e Inpati _, illalls _ueh phln_ _re ha_vd inl IT1;innef. gorne illlplenl¢llt_nllln issues fehned tit Ihi** ;lllpr_ach
_'lnltpul_r,generllted rl)re¢u_,ted noh_ et,pn,*ur_ Inapt, 'l'hl_v_lidhy re _1_o dh;cLs._d." "he h)t_[dl _¢¢tion suggest!,w;l'¢_ to ;ltIdre_
of nnhe nmp_ Is a [unethal or the validlly cJ[Ihe illput_ 11_d to
generate,thelll, A r¢_let_elf Ihese lnput_ re_.e_l_Ihal theh"filreea_t _ _behnplenlentatlon i_ues. It I'o¢u_es on the ex;tnlpl¢ in¸ Ben-
are _ulljeel Io inherenl Ulleertllillly. Although iIoIse ntup_ rerle¢l (_utiol1 idrpol-I in I_rael, wher_ such ;111apprnaeh I1_1_re¢¢ndy

are inl!_rentlv uncertain. AIh_calilig fund_ fi_¢nlIli_lulioll Imsed
_olily _)11_uch fi_re_ts In=IS,'I hu_he hl_mcienl. "l'hi_ paper _ugge_t_
thnlr¢l.tinl_mlflgathnl_xpendltur_tocurr_ntnnlsel_vehi_llu_rv CURRENT APPI_OACII AND ITS I,IMH'ATIONS
elll_iellt, I{elaling _lrp_Jrl_' outl_$_ on noise ildflgalh_n to'the noise
_lT¢,cl_or their op¢rath)n_/ prlP, lde_ airport_ _Ittl lln eellnollll¢
hlc_nth'e Io operate Ill a rloi_*_._nsJlive nlalnler. I1 mu_,̧_hll'l the The ;ibildy tl_ aehie'¢_ h]n/_.terlll cl)ml_atihigty bet'_Veell _lir-
rocu!iofpuhli¢ dehal_ I*rl_mIhe ll_ulltption_ Ilnd_'rlylllg nol_l!_re, pOllS _llld their _lwirollrnenl is _1fnnetion it[two Iuet¢)r_: la)
ea_t_to ttl_ criteriu [or illd_*_ahalem_'nt, u _hlfl Ihal argullhly illa_ ¸ tb_ _lbilit_¸ to [edllee noi_,_ al the _llu[ce to o_l'_*_ltll¢_ _rowd_
help rL'dueeoppm*llhll_ to alrpurl developnl_,nl plan!i, A nulnh_r in voIurlle of oper;ithnls; and (h) tll_ ;lbi[it_' tu reduce' curr¢lll

or intplelilentaUon t_,_u_;tire db*_:u_d aud Ih_ llpp_'oa¢ll_t, u_ed _lp_dati0n _x_lstlre tn iiois¢ alld tl) prevenl pnpul:ltion gn)wdl

Io d_lll v,lth Ihese bi_ue_iIll ||ell.(]urlon Alrpllrl _r_ described, ill ;d fected ;ll'e;l_ through, I_pcr_ti()ll;l] pr(_c_dllreS, z(_ning,, n_)is_

_i_'cr_dl noise is the nlo_t promil1¢ni neg;iti'¢¢ extern;dity o[ hl:_Uhltion, ;ind purch_ls¢o1 I;nld, hLnl:_s or d_'¢h]pnlcnl _i_ht_.

_lirports, II has h_¢rl _n [h_ c_fltel _ Ill" cornnlunity oppusition The policie,, tl_ red_l¢¢ noise ;It Ib_ sl_u_¢cha'*¢ h_cll ha_ed

to _lirllo_l d¢_.,c_]opnt_nt pl_lrl_ througboul tbe world, ,_Iosl on t,¢ttillg _talld;irds Ihat ;ill ;drer;l[I would h;iv¢ to nle¢l _11
specilied dates. In lbe United Slates, th¢_e _talldard_ were

large airports have lloise problems (1). sel in Federal Aviation Rcguh_tiulls (FAR) Part 3h; in Ellrope
The current approach to airerafl noise mitigation empha- and tbc rest o[ the _orld they ;ire u_ually based on lnterlla-

_ize_ long.lepta cnmpatibility between airp(irts and their suro tian_d Civil Avi_ltion Or_anizafiol1 [ICAOI Annex 16. Toward

rounding_, It i_ husedon reducing noise at the _ource _aircraft) tho end ()[the 19?l)s, slricter _tandard_ were'adopted _or third-
using emission _tandard_ _nd on the promulgation of airporl g_eration aircraft (FAR 36 Chapter 3, ICAO Annex 16

lloisu cumpalibilily plans. Such phms are based on noise lure- Chapter 2). The technolugica) limits m source noise redueti,n
casts. Yet. as this study shows, such forecasts are subjecl [o have prohahly been reached _itll tbird-genernfion aircraft.

Jnhere_l llncerlnintil_s, Consequently, noise nlhiglllion _le;i- "rh¢ l_rn_ve_- from _I;Ige Iwo Io _lnge Ihrge aircraft has been

sures based on sucb forec_st,i may he inefficient. This paper sloe,'er than unficipated, Re,:hlction ol noi_,e at [be source tbus
argues th;it this pitfall may be overcome by nlodif_ing com- h_ts long-term limitations o, tile extent to _dlich it tun oh'sol
patibilily plans to include _ mitigalff_n program based on cur-
rent noise levels and hacked by a molliloring system. Such a the additional lloi_e th;ll results from the illcreasing _olunle

program _ould uho provide the airport i_ith an equitable of llJgltts.
_cononlJc Jl1¢_n/i'. ¢t for noJs_-sen_;Jlive op_r;llions. *to conlpl_mefll Ihe sourc_ teduclion policy, most countries

Tile presenl approach and its limilalions are brh:lly revisited have sug[;est*.zd and implemenled policies to reduce th_ expo-
in the fizsl section. Economic incenuve_haveoft_:n been men- sur_ o[ population in areas around airporls, in the Urlited

tioned as ;dternativ¢ or complementary methods for affcrafl States. such policies bave been suggested in FAR Part 151}.
noise nlitigation (2). Tey have been increasingly used in The hasis fur any lloise compatibility plan under FAR 151)J_

Europe and Japan (3,4), bul hal in the United Slates (5.6). a noise exposui'e map forecasting th= noise cuntours around
The nexl section r_vie_'.rsthe possible uses ofeeonmni¢ inslru- the airporl 5 years in the future. The cost-effectiveness of

some measures suggeRed in FA}_ 1_1). such ;is zoning, i,su-

laden, and acquisition of land. developmellt rights or houses

Dep;irtmenl I O¢ )graphy nd Em onment d En_ ileering. Th¢ John_ in high-exposure are;l_, depend on the _lccurflcy u[ the noise

Ilapkin_ Universily..%llimore. Md. 2121_. exposure map.
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"+LIh_,iL[i+,++P+;II¢ [}ri+xJLLL.'dl_+r IILIJ_ _+'t+llll+iltil+ilit_+ rL;lllnJl]_ ++IILI Jall+, ¢i+mniLnlit) _ratlp,_. ilec;itP,+ ,,u¢il _]'tlllp% c11+iII¢n_¢ thq.'
l_)r ilIIL_L¢III¢IILJlIgrILlh,¢ ¢11JtJ_;lliall In¢;l'+LLr¢'_+_llg_t_'+lcdin sllch ;1,_sllr11p(i_lll,+hchilld file _r_c;4_l,_, L,_¢l_llillg llt+is¢ rtliti_;itLarl

j_h_11+,.Yu[, if _Lt_il 111¢;isur_,, ;ii+¢ h;l_¢tl tln tLnccr1_lill ll_lJ+,e nl_;L++ure_t<1cuFFenl, inanit_tr-x';iLJd;l[_d rlai,++.'in;ly _llill th_

fi1_¢c;l,,t,+, ti1¢_¸ 111;i_+"L_¢ in¢lliclcrll Jl¢c_nl,+¢ th_+x'111_IyIIL_Ihu [tlCll++aL" tLiSClL,_si41n(a the crJl_ri;1 h_r ;icthlll, th;ll i_, I_i lh_
hl111]¢n1_lltcLli11_i11_+.,;Ir¢_l:_cxLlt_¢tl t_ lli+_h11_lis_Ic_IP_. _hil¢ +-Le1¢Flnirl;_liarl_f I11_ 11Lii_¢]¢_¢I ;_t x_hJcJl c¢ri;ii11 11_Ii_,_' nlJLi+

l'_lel_l ILIIILI_;t_¢ Ll_'_l hl ;_r_+;Isth;_l tlhim;tlcLy will l_e _lh- _:itit_:1 _tctitltl _ll_liLhl he t_Lk_'r1.The Llerlhl¢llt qLLe_tian tl1_l_

j¢¢IeLLI tl h_cr nai_' le_ e_. hcc_r11_ L1_ix_¸ t_+Icr_1111¢is rl_is¢+ Sttl_Li_sd¢;llil1_ _ ith lhi_ qli¢_-
ti_ll :_ili_xvth;it _IIILI_IIIgLIJll_LJxi_Ll;ll l_)ler;lllCe ll)X_;IrLlr1_+J',_

•+'_iri¢++_ JtLcJ}r, c_ir11111LlnJl}¸ r_;ict JL+II'__lle filirly et_n+_isl¢111(lh)+

INCI_N'I'I'+'I'_ lcxcL_ _ire ,,hlt JJ_Lri11nla_+t part_ tel the d_'x¢l.+p_d _ arld. 'I h+'r_ I

f_+l't.+ i( m;t_,' I++2_,+_l_JerI() r_,+Zl+,+h+in +i_¢_mellt r¢_+lrdin_ the.'
+l'h_ _l_+l+_l+dL'ItC)tln 11_Ii_+.+_xI++++-Lirenlil]1_ _.'+ll)J+1.'_IX_i<.l_'tlh_ Cl+i[_ri_t_ar llt)i_c +L11+L[+_llICIIl+IClit+lllhilll it+ _+gru_:+ell+i n_+is_.

rt-'+JtLhin_ th+It 11_+i+,_.' lllJtJ+_illi_+llIII+:;I+-UF_+-+11the i+ccept_+rs h_' _xpo_+tfr<zl_+r¢_.++ist,_uch ;l_rt.'_l_1_(II_+rl1+t_help IL.+_hl_¢1L1¢InJ',-
Ulld_rt_lkt211till Ih¢ h_l+_i'_ill cLirr_llJ, F;IIItt.'F them J_)reL.'+l+,lCd IlliCit II1+1[a_let| CLl+lt_i¢lCFiZe+,_lirl+_lrt-t.+LIIIInlmlityr_l++lian_Llil+_+

11_ti_ L_.+'+I2L%,_.+(IrT_l_l11_)J+,_]exel% ¢_111hr.+d_.,tetnlil1_'iI h) run- +%Jtilough thJ,,+ll+L+_++_lcll111_l_"eL-eL+Illl_lJli_r++tr_li_Jll[t+rx_:Irdill

11ilI__l m++d_l _ith Ctzl'r_11till[ilJl_,. _.'+LLJhF;iIL+d_ind _lJJd;Lt+.+t]h_ tl1_+ry. _I ItUmbt.'[ tel dJlfJL.+Uhh+_Ll¢'_h_t'++.+ t_+ ice ;l_[_Lr¢_cd

+L(lhllit_d) nlonJlL1rh1_ _)'_1+.'111,_u_'h ;In :q+pra:+ch "+htluLdn_+t [+_'l_+ruit c_in b_ _q+l+h_l.
he2It+el dilfiCLILI It) Jll_lllClll_nl h¢¢LILI_UIIl_lny 111_ljt)r+lirl+tlrl_* ")'h¢ I'ir_l i_su_ is th_ th11_"_]1_11_t+_ur which Illli_.L__h++_ddh.:

;lJr¢_l_J_*'II_l'+'eflaj'+_2LIIIJt++_ltld_jlcr_lt¢ IIl¢)llit++[ill_ _)%ICllI_+.tar ML'_L+U[12dh¢lt+[_' +ldeci_+L_+llr_'_+lt++.Lhl._ITL+_It111+2hiC_II+h_ In+ldL-,.

L';IJihr+llhl_nt)i_' I't)l'_.'e+l_*lIIl++th:[_.[_+rCX'+lJtl[ltill__.'itil+2rl_'anl+ ThJ_ i%%lleLI;I_+3111111111¢£_11i'+t<.'e(_+,I:Jrst. tJurill_ thi_ li111_sp++ll
p]+_illtS. +lnd [{lr IIILillil_+FJn_+tirL'r_ltl CL)IIII_Ij_111Ce_itll IIIIL%_- re+idents _IIL"L'XJl+l"++_dt(I L.+XL'e_+*i_*L_II(+J_+_I_¢1_. "l'h_ lime _ll+lllld

I11itJ_ltJt;ll L+r_l¢_dllr_:_.(1_), ]Turlht21+lllt+rL+,I:+_.R i_l) r_+_lLlJre_ hc iIIJrlillliZet_, th_rel{)re, tL) reduce c_LItl_llre. _+c_ltld. [h_.
the L+r_+j++lr+ltJl+n_+LL'llrr_2nl I1(li_ In_ll++.,ill +lddili_+ll It) +_._e;i/ I¢l_gth of tJ111__h_+tlLd_ll]_+x_f'ar _harl _lh_:rr+lllt rl+ll_+l_* tl_2

t_+r¢<.'_l_t_+._1_p_lrl ii1 th_ IIl_l[¢rJ_lJta he _uhlnilt¢_L. ;llld 1he p+ill¢_'ll_ _llllJhllt_lhl¢ I_ x_.+lth¢£ t_r rl%lllX+l)C_+IIdJIJ+HI_Ill[l_

cxlltY_tir+."tlt.+cu_+, _ht)u]d Illll LL+lldIt)J_;I j¢)r otltJtl)s t)lt [re;llln_llt. Third. it i_tlxlJ_l
+]'llten _+J'_¢nlallil()l+Jn_ _y_.t_.+rn_ t)uhl he tl_*+_d ILl _';iJi(hlll_the' I+_'ilt_ l'fiL+it.'nI tt_ I(_.+_11+t[_;1"+th;lt e;+_ h_'CXl)UCtcd tl) he r_:[Je__+LL

_lccur_lcy_IL+tilL:Cllrr_nl ii1_+d_.l-_ene r_ll_+dntli_'L."re;ill, C_llihr;llL" +l_+[i TL'%IJII1)[ ll<li_C rcduclhln _ll Ih_ _I+III'C_-+,_ hetll_'r tllr_+u_h

the 1_1_+_!+21ICierh+c+ll p+.'culi;IrJlJ_P.(_l£ch ;l_; tt.'rr_lill). _lnd _¢rJl'_ [li_+.'rzlfl luTn_)x't:r t_l _.ttl_¢ Ihre_ ++r_ls _1r_+*Lllt tlf ch;in_c +, ill

the v+llidily tff tilL+ [lll+_llls (especJ_l]Jy p+:rt+dnin_ to _li_Cr+lll LIP+ei+;lltcrn_ (l_+lh+l_Jn_tile el+ll_lrllcJitlll af _i II l.+x_rlillXX;l_._ar
ht_h;lvJt)r). Th# ctlrr_llt, i11anit_+r.+++lli_hlt_tlntlise hi,iLl c_lL_l _,'x;lntph.+),

Ih_:rl Ice tl_u_l It+CX';LIU;IIUx_hutllur +Lilysp_+cifie ;ir_.+_i_ _lhj¢ct The _eet+nd i+_+l_+i_ haw t+_relate" t_'zltltlent t_l ._(+11J11_x;+r-
I_>;l+lJ+_:+2_p_ly*tirl2+ll+++_'_a I+r_sl+e¢ifi¢+l I_+_el._lltJtlin_ it t_+ J;lllC_.'+.II J__aUJ;LLl_-'ill_l'lJ_:h:llt I_)++111+lirpt+r! It+ iil_lnJt_lr_+lld

r_eixr_.+ _Lllt_l+in tlIC 1_11"111+eL"Ill)h.L" [ll_lll_llJon. i+urcllzt_ pri¢_ tr_t_t r_.sid_[l¢c_ 111_tw_++_+ L)eFlllht+J_ tJlrt+u_h _l ztlllill_ X+lrl-
• ;l_*%Llr[InL'+_.nl_lXJrl_L+t+lllpi211_+llittn.tit _llly tether k'amhin+llJ_Hi [111c_.b_+c;itl_c tJl_ ;iirp_)rt h. [idxer_ely _4Ll¢Cl_.d_lnd [+tll+LJ¢

_r [Orlll ol C++lnpcn++;llJ(ln[lip the _r;intJll_ _lf 31[1"+i_;llhln C;l_.L.- wel f_lr_.J_+ilat ill3pFll_.'ed(/7), Any _lppli¢:llitm _+[thi+ ;Ipl+l+_+lch

ilicni_. I | _Llt+Llhlhe ntll_d II1+11IhJs _l])pl+o;ichdacs i1+11pr_.chld_+ Ihus [I;1_.la dif_rlPl_(i;Lle re%id_nL'e_ +lcct+rdJll_I_) ILle ¢i[c'Ulll -
Ih¢ _pi¢ tlf naive h+r_L+;l+l_+Is_1h_l_+J._far ev_ll_llJl]_ ;iJrpoll _l;inceP. LlndcP which the) xver_ hLl[h.

int rlr_l.¢_tllt_lll projects. _<1)1i11__)r pLIrcLIZ_ tel"L+llld ;Ind d¢_¢J- _x thL£_ i_+tle J'_h+)_x'tt+ pr_+xide the _tiFp_+l+l_ith ;I CtlrltJnili11_

allnlelll richly+ l_[Ith_++, il i_ nl_';lnt to cLlnlpJenl+Zlll Ihe alht.+r ilIC_lllix'_ far I_11i_._redtlcli_)ll+ F:V¢ll [iLler t[L_+ltnle+ll, hirthcr

+_1_111+_111_hy pr_+_iditl_ ;L ¢l+_t-_l'f¢_:tixe _v;+)r Io de;l[ _+itll the iI_ise r_dLicli(}n nl_ly he d¢_ir_lhJ_, x_+'he.rep_l_++Jhle,he+.'_ltl_¢ill
Ilt)Js_ Drohlenl_ of ¢_iP*lJll__ellP+Jt['+'_L_mtl LIS_+. Illt+_IC+I_L_t re;LtII1_11tdl) _+ _tl( L.lilllJn;lt _ +LF31ta%+lnc_, L_+1_in+ele

_.n imparltlnl I+_LL'_It1_ lhis pr_+pa+.+d is its L're;ith_n tel ;L _-rilerion ft)r (_t2[llfliL+ll(JP+_+d++ptctl, lhe _iirpt)rt w_HII_Lh+ix'_."IIL)

P+lnncctJ{lll _le[_x'+2_llaJcpart _l+er+ltit+nmz111_1IIit_ir nois_.-r_..htt_l furlh_r incerltix_'s lie reduc_ noJ_. [LllCr 1hr.+ eli_iL;L_ +lf_C'CtL-'d

exp_n_lit_r_+, %l_+lsurc_ Io r_d_lce lliphts in +l c_rt+_in _tr_+a residences Ii_lv_ I+_etl tre;ll_d,
x_allld hL+r_.L]¢t:tcd in the currellf nL+Js_II1+1p[_r Ih¢ ;tJrpt+rt Fin:l]ly. th_crit_riz_Li;txe t+++llh+l_far priaFJlL_+_Jntl¢_11111_'llt.

;ll_dlr;inshLledillIoll[i._dLictiLinhlreceJ_cr-ari_llt_dmJtigilti+lll _aLJIldLlrLIL)firl_ ;)nd reL_lC_liorl ctl++t_+ilr_ ilnl(l[lg the ilt+)+-I
¢ll_t_; (su¢il ;L_ill:*tlJzllillll). If ;irl ;LirLll+rt reL_lxes %(1111e¢)[ Jt_+ i_;pl.+[isi...t_iIOi%_i11iti_[]ti{)[i illt..;L_ure_.(]), [( i+ lhu_ pmh+d+lc

op_r+ltion r_+quirements (_iL]ch_1_[IoiP+_;itl;itcI11_nl lli_ht (r_L_.S+ th;It Ill+t[ly ;Lirpl+_+lSx_(+Ll[dtl_+t II_l_e Ihe r_tltLrC+.._*It1 saLind-

hlrldill_ ;llld t[L_CLIJfprofiles, ar _lot _+rc_+p_lcily [iillJt_ltJan_). L+rl+_["_+r<.+omp_tl+tlte _LJlthe r_.+ide111+in +_ru:t_ CLIl+%i(Lt.'red
il _V(}ukif;IC__LZIill_f_;l_ hl rccci'+'cl+=¢irien[_d nliti_;iti{111cl):_iP+, ¢In;LCCL'plphle (LI_L[;L][y;Lht)__.'{+_ I ,+,,), "]'hcr_ x_t_uld h_ ;i J1+.+¢d

+]'his l)ropo+;d thus pro,,'id,_s tl;_' _irl+++rt with +ill inc_nliv_ _t+r f_+r _t;Ipg_'rirl_ lhe L_xpenscs :_cut+rdinp t_ the +,_xt_rhy _iI lllu

op_r;itJng [+1_1nl+lnn+_rIhLLIXVL_LI[d_lli_li4T3iZ_noiP,+++c_pt+_+Lir+_+ pr(+_]+.'l_l_LndI]1_ r¢_clurc¢+ _lx'_li_lhl_ I_+rIIt)i:_e 111i(L_+l[h111,
In a s_nse it is similar zo the incenli'+'e provided hy litip:+lian,
bulh is b_Lscd IHIcosts o[ noise miti_ati+m (which _]r_ ;_ rune.

t[on of exposure) r;_thcr Ihan _m the casts _L lilig:_lion. Till+ IIF:N.(;URJON A.[ItI+OI{T EXPF_I{IICNCE:

I_el;_tizlg noise mitig;ttion It) current noise m_y _is+; impr++_e

the rehitionship het_vcen ;_irp++rls ;rod their sL£rrt+unt[jn_ c_+nl- I]en-Gurion Airp_+rt+ Isr+_el's m;Lin JnlerrlzLtit+nzd ;lirl+_rt.

munities. When nt_ise mitig+_tion policies _re hased ten nt_ise recently ;_dapted this _LpprL++lch+Th_ _lirporl is Ioc;_ted _t th_
fOr¢C_LStS.[ht_ uncertainties; inherent hi ihe [ore¢_ts _l[tell centeT _+t'Ihe c()Lln[ry. _trt+uIl_ _-j Icy h+)th LI_Jl_Ln;m4.Jrur+l[
b4:¢ome a sour<2¢nf cDn(cn(it)n helwcen the [LirpL_rl;tn_ _.'+lr- communities. It Jsn¢;Ir m;ljtlr lr;Ln_*port;Ltitln +lrlcrJc'+++111dis
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thus expected Zt) remain I_¢_=¢i'_m;dn civilian uirp=_rl hi Ih¢ cxi_ling _e_iduJ=_¢_t_ill he zdh_ed -==]y _id= _oundprclL_tiu_.

filtur¢. Curr_udy it ha_ I_o ulll:r_e¢Ein_ Fnuway_ To ;dh_w NL__¢[l_iti_'_: u¢li_id¢_ _ill he ;dhl_L'd if I_'el_ ¢'_ce_d 7:_/._,_.
the _drporl to hlh]ll it_ ro_e in th_ [lltur_. _1ihild runw_ly wa_ N¢lll,_en_,div¢ ;iL:tiVilics, such _*_indu_lry, would lie alltlwL:d

prop_l_,_d, L3iseus_iOll:_re_urdhlg it hegau ill the late IIJTI]'_a_ _litlV wi[h noi_,c Ir_.'u[nlenL V_Lri_lllce'_[ruin the'_e re_tll_[i_lll_

p_Lrtof ;i Nuti_nui _l;P*terplal] hlr ;lirporL_,.C_lr_lrllLLIlili¢_under ¢;nl he _lllpr(l_¢d inl_ ¸ hy ;i "_ll_'¢ial¢oulndll_:e IlUll _ i_l d_l_r-

Eh¢ _ll_llr();l¢ll [o [he proposed runwuy L_llpu_e_.lit 'd_urou_,l_,'. Iniu¢ the ¢o:tdition_,, if ;iny, i_nder which _,ueh vari;n3¢_ nl_lv
By I_g4 di_cu_io_l_ reached u _le;l_ll_lek. '1_3I_rc:uk _ul uf Ih_: he granted.

deudh_¢k, Ih_ N;lli_tll_ll P_anning B_ard e_l_hli_hed an _LL_-II_C Th_e provi_i_lu_ will en_urc that Ihc _irp_lrl wil_ noI h_

col_llnhlee, h_aded h_' the EII_ ir(_rllllellI_ll Protection Service, flirted l_ trc.';L[un_' I1_ ¸ de'¢¢hlpnlen P,. The inelh¢ieney ¢;tu_ed
to pr(_pose ;t nlli_,e ah_nenlen[ pl_ul, A nlnnher _lf runway tab,c: h_' r¢_,id_n[ial enero;lehlllen[ i_ dlu _,_P.ilid_d.
p;Itt_:rn_ were di'_¢u_*,_'d,i_l¢ll_]lllg _*11"L_p_n t_.. p;llt_riI and

u '_11id_.e _*hurhlg" filrIIILl_l. N_) ;Inreeln_.'n[ w_t,_i¢2aeh_d re_;_rd-

inn the h_,l runway Ll_¢ p;_[lei'lp, _lr ;_ noise ¢:xpo_ur_ in_lp_
Fiually a -Ilexihle pI.n _' wa_ adnpled _h_e[w Ih_ Ailporl (_ONCLUSION,_

A_t_l_)rily wonld n(it he limited _L_,[o lhe rLirll_ly us_ pa¢lern,

hu[ would h;l_'e tl_ Ir_at r_:_.id_n¢_, wh_r¢ inllnitored nL_i_,_: This paper su[_e_,P__nl uppr¢lueh to ui_p_lrl n_li_,enlit_ad=_ll
ex_d_:d ¢_rtui_l I,_ve]_,.Ill uddilion, a noiw zLine and _lc¢onl- has_:d ou currenl noi_,¢ fllup_ I_' ellsurin[_ ll_;ll nlli,_: ;_h;_[¢-

punying huilding lil]til_dL_n_;were agreed _lpon_ ul_ut expenditure_ are a fun_:liLin of u¢lu;_l e_;llo'_ur_: ralher

The eril¢ riu flit I revetment haw three tiers, I ll_llledia_¢ tr¢_lt- than _lrec_Lsled e_;po_,ur¢, llli,, appro_lch provid_ _,;i nlo_ eliot -
m_nl is pre_crih_d when noise exceed _,7 '_I._,,. If the nl ¢;p,ur_d e[fe¢live ;ih;l[¢ln¢ nt _t r;llcgy dlun curr_nt ilolici_s, which h_l',e

_nois_ in _Ul_,,',e_lr _,¢ceded 70 /,._,,, but _l'_ [_elol_¸ 7._ f.,_,,, recei_t_)r-i)ri_I_tc_l iniligaliiin nleu_,ur_:_,Oll I_lreca_,ted n_li_,e
Irea[menl wu_ required nnle_s Ih¢ ;drporl nuln;iged to redoes: expu!,ure nl;Ip_, Thi_. pap=.:r h_l'__*h_wrl such hlr¢¢a_,P_ILl _

Ih_ IIOi'_ t_) _evels [lelow 6_ L,_,, fi_r t]1¢ _L_¢¢¢,.:_1i11__ yeur _, ildleren_ly uncert_*in, [Jy relating airporl aetion,_ t_ noi,_e
(thut is. if the nui_e cx¢_ed_ (_ L_. in any one L_fthe following _dl;Lt_:nl¢rn cxpendilures, dli_ apprL_uch _ll_oi_r_viLle_ _drport_

_'_ar_i trcutme_t would he required), Ill ur¢;_ ex_l_¢d tel wilh un c¢ononli¢ irl¢¢ndw: h)dcterndne rLinway u_e p_llteru_

inonitored noi_ levels h_:tween (_ L,I. and 71)L._,l_tre;_tnlenl und oper;_ling pr_¢¢dure_ ",o _s to ininiuli/_ rloi'_e c",p_l_ure.
v,_uld he r_quired unless noi_ i_ r_du¢_d tl) I¢:vel_ hehlw _1;_ I_¢caus_ Ihi_, ineenti_'e _y_,tenl is h;l_d ou ¢o_,P._lf unite nli[-

L_. wilhin _ ye;ir_, Th_s _,[;iggering of tr_:alnten[ reqLLir_:ulent_, igali(in, i_ ill_ly he nlor_ eqt_itahle than an ineell_ive _!._tenl
a:_stlr¢_ _hltl tile airpL_t will h;l'¢e u continuing ineell[i_: In h_L_,edoll the ¢o',t Lif lidgution,

opertlte ill u IlOi_o_._nsiliw nlannc_r. It ainu _t_.sur,_, [httl the: A Ilunlh,2r of pra_:d¢_d i_su¢_ h;ive t_) he ;lddr¢'_,¢d hehlr_

prioFili_:_ _r nois_ trealment will i_eba_ed _1[inoise exp_lsl_r_. _,u_h ;In apl_rll_l¢ll can hc inlp[_nleuled, "[h¢_ inehlde [h_
Thu_ Ih¢ _sid_n[_;_,uhj_et tn the highest ill_i_e_.posL_r_ level_ deterrninalion of the dn_,_ _,pun _l_er width noi_,_ Inodelhlg
will he [retKed hirst. FLlrtherlnot¢, [h_ _-'¢¢arint_rvul between and meu_urenleJll_, hi_v¢ ill I1¢ coudnet_d Ii¢_lre _lctiLin i_.

Ihe time u re:_iden¢_ i_,e_;posed tc_nni_i_ ]e_l_ hc;tween (_;_L_. tJnder_;ihen_ lh_ reludonshi[_ with nois¢.luts_d zoning_ the

and 70 L,r. and _h_ _im_: the airp_rl is reqLdred to tre_Lt il deternlinulion of prioriEh:s in treadn_ r_siden¢¢_ expL_¢d t_

al[ow_ Ion_-terrn ilnpr_'_ments in noise enlis_ion:__l[die _onr_c itllise level_ considered unu¢¢c:llt;d)l¢: and the ilrtl_isil_n of
_o rodlike2 the noise _l dt_ nl;_r_ill_;, [hu_ _al'i_lg¢_l_*t_, ¢l_n[inuin_ ineenlive_. _r ;drpurt_, tll limil rllli_.e¢_;posure,

Th_ L,i. rn¢_Lstlrenlen[ used ill th_¢ provisiorl_, i_,bused on At [3¢n-Gurion Airporl in Israel, w]l_re _,uch;Ul appro;leh
th_ noisiest (_monlhs of u _¢_ar, Tht_, ;i |all year =.ifmoniloring ha_; hieen adopted, u number of me;l_ures _lr_u,_d In uddres _.

is required he[ore lreamlcnl can be round,Lied. Thi_ sh_luld the_¢ issues, Muhiti_red criteria _r treating residences pro.

pr,_v_llt aherrallE p;l[tern_ from undLll_ inf]LL_ncin_ th_ nni_,_ vide h_th _l m_lsure tt_ dctermin¢_ tr_atnlent prhlriti¢:_, and u
expo_iur¢ nt_lp on which Ire;lllnen_ deci_iOllS are m_td_:,The ¢l_lltinuingiNeenti_'e foruirpor[stoop_r_lle ht _tnlli_l.'-sen_ilive

probh_m with lhis approach is dlut no ace_u nl is taken of peak manner, Oidy th_ r_id_n¢_s affected hy the highest levei_ _)f
noise Ievel_. noise will hi_ treated immc'diutely. Residences in lower ziers

In addition a nbise exposure mug will h_ prepared, as a will hc tre_ttcd only if noise is not reduced over _ Sl)_:cffied
base for noise-related zoning. This map will be based on the period of time. The time sp;zn or nois_ nt_a_urenlenls _huuld

Airport A_lhofity's _,year forecasts. I:]¢¢atlse eX=lCI fulur_: he apprtlxin_uteJy a ),c,_lr [o pfevenl a[_c_rRnlIpatterns front
runway use pul¢¢rn!, ure unknown. Ih_ estifllates for run_uy tlr_duly affecting treatment d_eisi(]ns, Some account, ho_¢ver,

us_ will h_ weighled hy 2.5 per runw=q,,. Tile noise c¢)ntours sllould be taken al_o f¢lr peak noises. Zoning i_ based on

titus will bc clearly excessive, ensuring tl]_t residences will forecasted n_is_ maps. V_lriz_tions frnm such zoning should

[lot encroach on _ffea_ th[ll i11;lyhe subjc_ct to high noise I_:]s he conditioned on soundproohng ut the dewloper's expense,
in the future. This high weighling is m_tde possible by the Both this approach and the often suggested noise lees nluy

high degree of governnlenl control over hind in Israel, M(_st improve noise abatement efficiency, This approach, however.

¢=f tll_ lands affected by n_ise I'ront Bcn-Gurion Airport z=ru may be eusicr Io implement hiecausc il does not r_quir_ _sti-
owned b)' the Israel Land Authority, a government cnlity, nlz=ling damage functions _r future abatcnlent costs. ISy

Consequently, th_ cxc=ssiv_ building limitations do not require improving ¢ffieicney, il enhances tile co nlpctitiv,: posilion of
ahnosl any compensation, the _irport, Furthermore. it shifts rite focus of public deb_lte

Th_ noise zone is divided into t_ur noise exposure ar_as, from the assumptions underlying the noise:_xposure map tt)
Between 6[I and 65 L,_. all ltctivilies will he permitted, IIow- Ihc criteria lot noise abatement action, redLtcing community

ever, noise-sensitive uses will hic required to h¢ soundproofed opposition to muchi-needed infruslructur_ improvements, 1"his

at tile d¢veloper's expense, B_lween 65 and 7_, L,_. no new upprouell thus may hold some promise also hiw airports in Ihe
residential developm_nl will h_ approved, Improvements of Uniled SI;ttes,



AC'K,N'()'_V[.ErI(_IENTS _, C_ II_lr_¢_'. Airl_)rl ChL_i,;_in _l _,1_111_1_1¢A_rilorl I_l_lal. "/'_._r_.

• ]10_1__,_f di_,¢u_,_,iOll', _ilh A. l_l_;tr. "1', K_ldl]1a11..I, ._h_l'_ll. Jolln,, Ih_l_km_ Uili_¢r_ilv. ]_dlml_re. _[d., IL_87,

rom_l_'lllll/_'ptl;'l, _,[._ ]and [)_'p.IrIII1¢nl _1 r fa]l_.l_.)rl_llill]l. _1,_1¢
A_idli_ln Ad_llilll_Iralilm. J_177,

h _rlr_l_'rJ_l.[_d_i_eU_c'R_'_lnl'll_.l_.Alrl_rt_Jpcr,_h_r_ ('llull" I._ W, J, I_.lLt111_l,ind %', E. (_;it_,, The,IhL'_' r_l _li_Jll_ll'_ll_l

._, D, (', _'¢li, (']lar_¢_ t_l I_)lllr_;I Air¢l_tll NLli_.¢, t_lllltl_t_ll'l_l_d I_1.A, _\l¢_llldr_, J, ]]_lrd_'.i_lld [_, W, [_1t¢¢, ,X I_r;1¢11¢;11[_¢1¢r.

_, I'_llll_l_ ,_,_1_¢;_lrl,_l_lhL'lli_J_I_" _lhJll_.l;l_'mI_'ll'_, (_r_l. L._, _, ]_, ]_ra_'d_ll, r'_irp_lrl N_)I_¢ _l_lllllllrill_ _y_l¢ll__, In N_l[Ih

_r_LIl_:_.I_, I_¢_r¢i_ C_u_¢ll. Wa_ilir_lon. D.C., I_: _. I_ll. 4._-.I_.

_lltJlll_'_ _'olrlh, ,_'lrl_l_rlrr.I_JIl_fl_'l.NA_IA _l_ I_._..i_tl."['r;m_. In _ J_ll_JllnIO',_li_¢ [ ]_. J. PCplain _llld(', %', I_ld_nan. cd_,I.
i1_)r I_llillll C¢131¢r,Norlh'__,.1_rl] I_ili'_,_r.,11_.E__ln_.l_lll.ill,. 1_1_11, Aiilcri_:_ln_1¢i¢1) flit r_lill_z iul_l ,_1,11¢rl_ll_. I_hll_ld_lllhll], I_,l,.

I'_xl_l.viellceil_ Ih¢ U_t#l'll S_II_, "II1¢ L)l'[_,lnil_lllon I_)r E_lll_onll¢ 17. _, J, ,_ll_ll_ln,Pilr¢t¢_OiIlllnillil _ ,ind IIl_'L_I_, _Jt_rll _._'r_fl_l_tļ

In lh_ IJnil_l _l_lt¢_. In 7_itl_lt_rlllliiJ_ R¢_'l_h R_'l'lJr_l1143.
] RB. N_tlhln,d]_¢arch C_u_l¢ll. W_hin_zlL_n,D,C., l_. pl_.

7..I, F. lltlhcrl_, C_m_idcrlilion_lot _*hld¢hn[zL)fAircnill _a,_', III

8, .'_, A_hford, Prllhlcm_*wilh LOlI_-T_.'II13Air "r_';In_p_irl17111_'¢;i_I•
l_, JrJIItllIIl ¢_ _Iill'illl('_'ll _to;l_pi_IiIItr_l. x.'o], ]_, _iI, _.,I_)_, PIIbli£1iliI_IxOJlhl$ llIIllI't _lli_n_¢_rl.iIfly C'II_IIIII]III'_'r_l TtIIII_III_rlIIIII_II.
pp, llll - 114. RehII_l ,_'m_eilnll Vihriilifm,
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Procedures For Evaluating Planned
Development During The Noise
Study Process

JEFFREY FORCE AND STEVEN H. HOCHMAN

The I:ederul gh,ll'.' _. i n s r_llhln's Proeedt re_ft r.th ¢ i . ) This paDer prl)'.rides u detailed dl.cu.sion tit th_ nuud Ior
t_ll_tth,,o.¢ Trr_e3"oheamlCaa_lrueliml Naile requires thai Ihe New Jersey to hrtplenlenl the pnlicy _tatenl¢llt in FIII)M
New .[L'rse_.'I)elmrlm_ut or Tru,_purluth)n tNJItOT) Ilureml of 7-7-3reg;Irdinginlpactslulundev¢lopedhlnd_for_hichd_lut.
Envlrt_nment _1 .\n_lysis Ig EA }allalyzc expect ed md_e tmpttct _ mid opment_lre"phlnned, de_i_ned_uldpro_r_nul:¢d."Ah_ldi_-
ld)ulellteltt m_a_ur_ rot ilitde_ eh)l)ed lu)lds flit*'ahll:h de'. etopmetll cussedaretheproct..dllrcssetlorthtoevaluateUlldevehllled

is phlnned, d_.lgll_d. Lind Ilrogrlllumetl. 1'1)_iiIhfy federal rt, quire- lund_ adjacent to proDt)_cd ro_ldWav inlprovenluno, on _ c i
iil_td_ it) ¢t%'tlblUtettrldtt)*dt)ped h_lld i)u _ld_h dtt_eloplilent Is
Idunne . _) e t_l u n z nl_ dl r I i • e r ad_tl t'_ g d_veh)pnlent is piunned. Fin;dl'¢ the efft2ctJvclle•._ and lilni-
pr(l*:_'_, u i)ro*:edllre t*u_.hdtilited tl) iil_lllt_lu thl)ruuRh, earl v_ tatil)ns usst)¢iuted _ith Ihe prt)ced_lr¢_ _'*ill he exumdled.
_nd perh)dic ¢ourdin_dun _flth ulTected munl¢lp_liges during the
illd_e _lUdy prt)¢_% Tbl_ procedllre inchlde_ the idetldl_¢tllion of
prt)p_)_ed residential d_'ehlpment_ duriuiz the prq)arafion of Ihe IMPI.F.MI_.NTATION OF PR(|CEI)UI{E.N TO

FinalNoi_eStudyIFNg andhehre¢) I e ,n,rr adtta)'_o - EVALUATE UNDEVELOPEI) LANI) I)UI{ING
_tructl0n. Gun,rail)'. earl;.' dete_thu_ or prup,_'_l residential de,el. TIlE NOISE ._'I'UI)Y I)ROCESS
t)pm_lds _llminate_ i)rohleln_ h)e NJI)ffl".l)e_l_ll Units mid the
NJDOT.BEA N,be Gruup caused hy the recomm_'ndt_tion ,r Imr.
rbt r.lft)r pre.dou_l_., ttrlkllo._ll hou_hlg devt, lupitlent_ aft eF upprl)val "rheproeedurestoevaluatellndevelolledhllldduringthent)i_¢
i)f Ihe FNS. D_l_¢liug propu_ed resldenllal de_ehlpm_nl_ late in _tLIdy process _¢r¢ deveh)ped to maintain thorough, curly.
t ede_Rnsudyph_e¢ou p_•_hlylead e_ ¸ Intheuppr _'a undperiodic¢oordinatiollwithab¢ctednluuicipalitiestoid_,n .

(ff th_ FNS or to u _ll_ldHeunl rcd_iRn _ff Ihe I)roj¢ct. tit'y proposed rt_sidential lie _'t:l_)pln¢ nt s early in tile nld_c _tudy

pro¢¢_._*. Gerteruliy. e_lrly d_2t¢ction of pTt)po_d rttsidentiul
Tile FIIWA Federul Highway Program ."da,uah Volume 7. d_vch)pments elinlimttes problems for Design Unit.. and the

Ch;ipter 7. Section 3 (El IPM 7-7.3) _'_roc'edzlre_fi_r AI)alemenl I_EA Nobe Group caused by tbe recommend;ilion o[ barriers

of [_lt)thsra' Trllffi'¢ No/_e utld C'om'trlwtt'oll No*_'e. requires for previously unknown bousing dev¢lnpments ;dter the
that the Nttw Jersey Department of Transportation (NJDOT) approval of tile Final Nt_i_¢ Study (PNS). Detection el pro-
Bureau of Elwironnlent;d Anul)sis ( BEAJ anMyze expected posed residentiul developments late in the design study p _s¢

noise impacts und ;ibatement m_asurcs for undeveloped hinds could possibly lead to a del;i.'¢ in the approv;d of the FNS or

adjacent to proposed roadway improvements on which de,el- to a significant rcdesi=n uf lhe project.

opment is plallned. One such example of tile detection i)l a proposed residential
Sp¢cificully. FHPM 7-7-3 sa_s the following: development late in tile design process i_ West Park Estates

"The traffic no _e ana ,s s sl*ll iuclud¢ the following h)r in Ocean Wown_hip. Monmouth County. New Jersey. \t/¢st
each uhernati%e under detailed _ludy; Park Estates is ;i 495.uni( to'.t.'ithouse deY_2h)plll¢llt in _llich

I ) id_nldicalioll of existhlg activities, devetup_d hinds, and 7._ units _(luld bc u fleeted hy tb¢ prl)pused extensbln (if Rt.NJ

Ulld¢_¢loped hu_d_for _llich dttvcloplttent is pl_lnned, designed 18. The Noise Group did riot detect this prol_Osod residential
ilod pru_r_tlllnlcd. _hich may he affected hy nnJ_¢ frum the de'.clopment until alter a public nlecting '.Hth Oceun "Pmvn-
high_ ay

2) examinatJun and e_alualiun of allcrnati_ noise ah;ue, ship was held in Octuber [986. The purpose nf tile ptd)lic

Inelll melistlre_ Ior reducing or eliminaling the noF.e impacts." meeting was [o recol_lrllend noise ahMement Io the Irluyor
aIid cmmcil *tnd request ilny necessury easements for dcvel-

The FH PM 7.7-3 _dso states: opments previously detected. As u result of this late deleetinn.

submission ot the FNS was dchtycd (/}. The contract modi-

"The plalls and _pe¢iticadons _ilt not bc approved hy Ihe fication requesting the consultant to look at noise mitigutilm
FHWA unless dlt_S¢nob¢ ahalcment mea_ttre_ _ hich ar_ rea- fur \Vest Park Estates. tile preparation of tile rioise mitigation

son_ble and leasilll¢ are in¢orp_lraled lille the ptan_ and _pec- report, and th_ review by the BEA Nois_ Group all d_tu)_dificalions to reduce or elimln_t¢ th¢ noise impact',On existitlg
acli_'ides, d¢_eluped land_ or Undeveloped I;mds for _hich tile completion of the FNS by apprl)ximatcly I ...'ear.
development i_ planned, designed and prt)gr;tmmed." Also r¢l;tted to th_ ric_2d for thorough..2arly and periodic

coordination with al'fect_d municipalities is the dyntlnfic of

New e sey Depar n _n t) T all_pu on.L_ure*lut)f Envi onmentM dt_velopment presently occurring in N¢ Jersey. This gr _wth
An )'s s 03.'; Parkway Avenue CN 60fl E & O guilding 4lh Floor. is _xelnplified by the iltcrease in populution end th_ nunlher
Trentu,. N.J. (lH62_. or building permits authorized between 1980 and 1986 (2..f).
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"1"11¢,_1111¢t_ļ N¢_ ¸ J¢ls¢_. ' u_.puri¢11¢¢d ;i i_oll_llatioll increase W;ly_, Mllj4)r Ili_ll_,.;ly t.l¢'vulol_lll_lll ill Nuw Jcr,,¢y ii¢¢urrud

_ff 254,Yh_ p,_lson_ 13,5 ilcT¢_'nll, Thi_ increase ¢_lirl¢i_l¢_l_ ilh I;llu alld is _i dir¢¢l ¢;KLLt,U I)l¸ Ih¢ Slal¢'s la_k of vilality i(I Ihu

II1¢ alllhori/;lliOll _lļ 2,_7.75 _) dl_ulJin_ iiiliP, durillg Illu' ',iiil1¢ IDT(I',, Wilh Ihu nuv. ¸ iII;_lFi'_ _l ¸ Ir;lllnll_lrl_lliLii1 ,,¢l irl pJ;ic¢,
finl¢ i_¢liod I_¢¢ Figlll¢ I ). _llh_lanlial g[Lil_tll ill Nul_ ¸ ,lcrscy i_ allficip:itcd. "l'hi_ _rL_wth

An itl¢lCa'_¢ ill II1¢ authori._;llion ol blLiltlillg pcFiIlil _,i_,;llsL_ is L'XlI¢¢tcLI IO n¢¢ur ill *.ariiiiis _l'Olvth _oriidl_F,, Ihrtlll_ho_lt

al_p;IruItl ill ItltlIli¢ill;llili¢_ _h_:l'¢ IranHmll;ilit_Ei imllr_. Iheslale(SI.M_llly_flhuscp_lrallulhighl_ay¢orridor:_illchtdu
nl¢llls ;Ire I_rtll_s_l. I'hu rapid d_¢hll_in¢lll in Ih¢_u ElIILIli¢- I{I,I-_XTl[_Llis_tl"l_lls]lil_lllr*_Lgll Morri_loWll): 1_I,I-'_8(Iro(n

ipatili_ hart pronllltCd II1_' Ill,A-Noise (ilOtlp I_1illV¢_ligal_ I_'rkul¢_. ¸ I leighl_ in L!nioEI ('Ounly It_ Ulinlon "l'_llvll_llil_ Jr1

pon_illl¢ iioi_¢ nlili_aliOll IilU';p,_lrcn I*_rCdtl¢¢ illlp;l¢I_ rcsuh- Ihlnluldon ('_lllnt_ ]: alld I{I,I-X(I!2_II (_ard¢l_ _lalU I_;irk_;ly
iIl_ frOll_ iIl_:su Irail_porl;llion inllmWCmUl_t ilroi¢¢ls. A Icw rlu'_u_ (frl_l_l I_arsil_p_lIly-Trny Ihll_ I_ I,i_ing_l_ul and S;Lddl¢

nmlfi¢ill;tlili_:_ ulldcr_oing rapid r¢_id¢l_li;ll _r_111 (;itllll_lr. 14r(_k),
i_:¢d hlliMin_ pcrnlil_) bUlWu'¢l_ LYXII_l[ILI1_)8(_ iIlchtd¢: Mt

I-alL_ul Townnhil_. I_urlingll_l_ ('ou[lly I -74.0 p¢l¢_nl ). I]u'r-

nards Townnhil_. SonlersCt Counl) ( + 1_.o Pc;¢¢nll. Soulh MU.NII.'IPM. I.ANI) USI.Z LAW O¥ N.I IMI.UI,I
I] runsl_ick '['t_ rlqlq_, MidLI]¢_¢x CoUl_l_, ( t 5_.(J ilcrculll ) and ,_.ND I'I'S RI.:I.ATIONSI III) TO FIII_M 7.7.3

'l'llllOtl Ig_lls t]o[oLl_ll. _lollnlloulh (_l)lllJ[)' I +:_1 l) purCClll}
Iscc Figure l 1. The MI.LJI. (Chaplet 2_/1. PL Pl75} _a_ Ih¢ cuhllillillion _11

Grill_lh ill NCW Jersey ¢;III bu :lllribtllcd Io ;lilalUr;ll pop- a _llor_.' Ill,ill ih'¢ad_,-hln_ Cf_lFl Ill rc'*i'_l; _glLJMr¢_ll)llill¢ the

II];lliOll ilIL'r_.'_P*C.IIL_([1LISiIi%I/nli_l'_llion. Ir;lll_l_lFlllitlion from tlnil_lC_r_llCd S¢CliOII:__f I;ll_ d¢;1]i11_ "s_ilJl (11¢%';Iri_llP*_lSlI_CI_*
;l II¥C(Iolni_l_llllly hhl¢-coll_lr staI_2To ;in olfic¢-¢lllphlylllcnl, iii lalld II*_CrCglllaliOll--illaiining. _ollill_. iitltl _ul_di_i_ioll

_*¢rvicl_._ri,/ltlt.'d, hi_h*l¢ChllOlo_y Marc, ;llld ii11 Jlllprw*l/d ¢i)ll]r[¥] ill I]1¢ $1:1l./ I)t Ncw Jcr_,¢_* (13),
IFIIllspOFI_IliOI_II¢ll_ork. A I¢_ _tl;lln _11"Ihu ;ICl ;IF_IO

l, N;lttlr;ll I1Oplll_lliOn ilP2[¢_lsl_, 1]¢lW_211 I_JNIJ;lll_l ItlNh II _ll_'O[ir_l_l_ IIItllli_ipal ;tclitlll It) _llid_ 111¢;lllprtlpri;ll_' II'_l_
IhCr_ wa_._l I1_1posizi_¢ Poplllalion iltCrCas_,(birlhs _'xcuedin M lit d¢_.ehlplllCnl ol ;Ill lalld_ ill lhi_ MIIIL', ill ;I II1;lllll_ I]i;ll

tiC;lille) _)( I_)I_.II(KI pCF_,oll_, will prllnlolC Ihc iluhlic hcahh. MII¢I}', Illllr;iln, ;illd _¢lll_r;ll
2. N¢I p'._sitiv¢ illigr_ltiOll. Spillover _ro_vlh ZilliOn arc w_ll_ire.

_211COillllci_d '_ilhhl N_w ]¢P,_*_,'. The MI2IIL[IIWI;IIIdN ill the • Eil%llr¢ Ih;ll Ihl_ d¢_-r_lopnlcnl ol illdi_idll;ll Inlllligill;llilil.'_.

IIOrl]l Of the M;II¢ lind tli¢ (-'llcrry I Ill] area to the _Olllh share does ilOl C(llll]i_l _illl tile el_:lollnll:nl ;l(Id gUll_'ral il¢[f.lr¢
(lli:_ I;h_ra¢l*_gisli¢ bCC;lU'_¢¢1[ I]lC ill[Iill.'_CI._ Ill NCI_ York _llld Ill' nuighllorillg IllUtli¢ipalities, Ih_ ClIlllll% _illld Ih¢ nI;ll¢ ;in ;I

Philadelphia, rusPe¢livuly. They providu land. relali_ ¢1)'In_ er lIIIo1¢.
I_IX F;lI_*i ;ind LIIllS(iltlporl;llll. _xc¢llCill ItiB]lw;ly ;l¢¢¢ss. I prl)nloll2 Ih¢ L'_lilbli%hlll¢lll Of approprinle I'h_pLlialioI1

_. l'r_ln_l_l£1n;lliOl_ Io ;111 ol[ic¢-Ulllplo)ni¢lll. SCFVI_.'U- d¢llSilics ;ind ¢OIl¢Cl_llLllitln_ Ih;lI _ill COlllribLlI¢_to Ih¢ i_u.ll-

oricnlud. ]lig]lolel;hltology slal*_. New Jcrs¢)'s pellllll;llitlll has II¢illg o[ pcrsoll% ilui_llbOfllO_d_. ¢Olllrllunitius. alld re_Jolln
shJfletl [[l)l|'i ;I highly ¢elltr;lliZcd irldt)Slrial _tlci_l%, io _1di_,- ;llld pr_%cr'¢;llillfl ot lh¢ Cll%iriillln¢lll,

pl;l_¢d. _xllrb_l_l pOSl.indu%tri_ll ¢r;I, Ii I)rolllOt¢ 1hit COllSffvalilll 1 ¢1[ ripen _*l_Lic¢and '_;lltlllbI¢

4, [lllprl)vldd Ir;lllSporl_lli_ln IIC[_tllk, Th¢_.¢ CII;LII[!CSill NCW II;lltlr;ll r¢%o111"(2_%_IllLIprevcnl iil'hiln _*pl"_lt&]lllld du'_r;IklllliOn
Jer_¢_';lru Ja rgc[)' Ihu result 0f I1;IIiL)II_IIhigJl_vay dewh'_pltlCnl, of 1h¢ clwirOllnl_lll Ihrollgh irtlprOllcr Ll:_uor land, ;llld

;iTld pllllicIIl;l r[),, iIic dcv¢l¢l[lnIc nl ot"CiFCUlTII_T¢nlill[ high_Mlyn Ii E Ncoura_¢ Coordill_lliOll (ll' ih_ _,ariou%i_ubli¢ _111d priMiii. •

(4), The ris,._ of Ihe rugional hiphw_ly _:.'slcm wilh itl;ijor Jilter* procedures ;ind ;ictivili¢_, sh;q)ing hind d_,v¢lopnlunl _ilh a
SCCliOIIS¢[¢Bl¢_ _1rill_ _lf illdllslri;ll Bnd cLilnlllCrCJlll _level. view o( [¢_,nunillg Illl: i.uM _1[_tlch dcvelLlpln¢lll anLI h_ 111¢
OpllIClll iTI IhC mutropolil;in ilrl;_lS slrtl¢lilrl2d Off Ih¢ IICW Ili_h- itloru ¢lfJCJ_lll LISUof laXld,

NEW JEF_SEY -il _)3:1,

MT UAUnEt. -.f "] 7.,

55%

0% 20% ,IO_, 60% "81-_Yt,

PEI_CE_ r tNG_EASE

SOURCE: RESIDENTIAL BUILDING pERIvllTS

I,'IGUIII_ I 6r()_tlll in houilnll IQI411-1Q_I6.
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TfieMLUL basstrenglheIl_ddleroleo(ntuni¢ip;iLphmnhlgfinldlary_ippmvnl,Nilehaltge_illzm_ingc(lulduccurlota
toensure;beprUdclltLl_eif(Iundand rilepruIL_ctitlnol lJiu periodill2 years;lhertileLJal¢of finillilpprtwid,a_hul_u_
cnvironllIi_nt.ThislawaI_lpm_ideslllUldCipillp]alndn_zboitrd_ IheappIicanlha_,recordedthel_lunl_ilhinthebraepelitld
_itI1thepowerI(ire_it.__._;rodupprove_iI_'pgm or_ubdi_-i_inn providedinth_hl¢;lJotdillailCe,t%,llapplicanIlllIl__he_riulted
app[icudnu%or bolh, i;].)e;irc..xlensitlnnolhl¢'_¢eedthreee>_tell_it111,_priorhl

C'_/nlidllL'dwdldn I[le MI.UL are tile pnwcdur_ fi_r _uh- recording: or, in, a Collditi_lllof final plat ;ippro_Id, Ihe phul-
divisionand '_itepIilnI_viewimd;ipprt1'*ul,t_Mlhdi_i:_imlis ninghourdshallrequip._lhefurnishingofa perbirnuulcetold
;hedJ;%i_inelfu lot,truer,firpnr¢¢]ofInndJnto11_4_or nlor_z llUlintenunceguaraiIIC:eforilnpro'_ellLCnts,inciudin__treut_,
InI_,Iracts,piiree]%,or otherdi_J_i_m_ol huldfor _nleur gradJllg,piWillg,curb_,_id_ulks.nltditi¢_,toldMIfilrth,
deveblpnlenII¢,_,.re_idenfild,dn_[e.faulJlyMl[it[i_i_RIIl_Coil, The fin;dphlInnlp_Ilould¢ont;lhldieIoJlo_hlgfilhlrnlu*
lid;lingilLdivi_.ItlalfiltsbA _iI¢pbulb,ild_c]ul1111cnio[ OIl_ litnl:blockand JOlnumbers,ntLllli¢ipulhtnlndiiryfiile%nat.
ilr nlore hits (e,g,, to%_ilhOlt_e,iIpil[tnl enl etlm[llcxes, coin- urul ;uld artificial %'ulerCOLff_e_,,,trealll_.sbor¢lille_, wuter
inertial,;nLdinduMrJ;dde_chlpmeut), botlndariesand encr_uichin_nlbIl_,monulnc,nIs,nulneof

The process insrofi'eSthreo sIil_s ol appro_ill, inchlding: nulp. llLnni@ipufityand eouiiI)', dilte ill Mlf_..y. ;illd**11fl_rtb.
[a) Preapplicafiun Skclcb Plal-C'LlnceplRe_ie_. lh) Pr¢_finl- Thu MLUI. doe_ not addte_ or reguhlti."lhe uVetlt*,lhal
inary Plat Appr, wal. and (c) l:inal Plat Appnwal. Bch_wi_ a occur fi)I]o_ filg appraisaland recordhnzof Ih¢ blUl[plut.
brief description ol eachstageof npprtwal ,nd iln_time linliP. "r_11t) pesof de'.eh_pnlenlappm_:ds needto be c_Hlsid...red:
il_,o¢iltted _ith tbelu.

I,gi1_Plan.The phulwouldincludefi_Iandbuildiu_(e.g.,

Preulipli_nthul _kelcb Plal _lagn.. apilrllnents and ".onletownhou.*ed_¢hlplnenls}.2. Subdivisiou Plat. If lhe subdi_idur i_ ul_o the buihler.

This is tile initial plan fi_rthe develupmentol a parcelol bnld. the plun wt_ukl include Iot_aud building_ (e.g.. _in_le-bmlil)
und stiill¢2Io'_.nJlt)tl_edeveIiillnlenl*.Ii il dle Mlbdi_ider i_ noIAllhough sketch plats are not specificullv discussed iu the act

n any mnn c p IpIunniugboard__dlrequestthem. lhebuilder,filepl;m_ould_I1_wIot_whh_utbuildings.
Notable information required fi_rthis _tage inclndcs:

A developmentthatis"phmned.de_ignednudprogruulmud."
I. Sun'ey of tbe site on _hich the proposedd_elopnlent as noted in FIIP_.I 7-7.3, _oufil appeur to be uquivalenI m

is proposed, with dimensions, pretdninarysite plun/suhdivision pint approval because u devel-
2. Significanl horticultural or physicnl site characteristics, oper has expended much time and nloney in develnping plans

including MfeIimFi,slands uf flees, _wampy or highwater table fi)_ this stage of municipal approval. Also, as stated previoa_ly,
areus, rilvines, i'oeks, and s(l fiirlh, finul p]iil iipprovidisaJmoMaotom;itic p_nding resolulion _iI

3, Loc_fionand U_Cof exi_lingstruclureson dli_sit_ uild (in preliminn[y plan review eomnlehis.
adjacentproperty_ithin 2tx) fi of boundaries,with dimensions. In some cases, ho_ever, the constructionof honsesmuy

4, Existing and proposed vehicular and pcde_triun cir- n_t uccur immediatdy, In suhdivisinns with n re_idenfi;d¢lus-
cld,Mion _)'stenls un tb_ Silo including Mrc¢l_i, pilrkillg [er OfleSSthnn _0 acre_,or iIconvenfiIina] subdivision of les_
Ilrlas. dfivet*vays,widks, lind sI] lln. with Mn:el niime%and than 15[Iacres, n_ changesiff znning cuuldoccur ftlru _-)'eilr
dirnensioml, perind following final approwl. Tllererore, it is a_surrled tbat

5, Topography of the site (where slope of silo is less than tile dcveluper would net tu c()nSlrUClhefl_re tile "_year_,expire,
5 percent use 2-ft contours, where greater use I()-h intervals), t fowever, on larger _uhdivi_iuns. the mnnicipufity may grant

fights I_nger than 2 years.
With regard to a subdivider wire is m_tthe builder, con.

Preliminary Plat or Plan Stage (Sik, Plan or M_j_r strUClionof homes may nut occur for _everal years folhnving
Suhdh'islon, tbree or more lots) final subdivision plat approval.

The t_EA.Socioeconomic Group recently ctmlpleled a sur.
This is the first official stage of approvnl and contains more vey to determine tile typicul time flame for a prupesed de_¢b
detailed inlormation, Preliminary,,approval freezes the gen- opmenl to adwmce from tile preapplict_tinn sketch plut slage,
end terms and conditions for a 3.year period during which ti_rough the preliminary site phm/subdivision appruval stage
file applicant may file for final approval, The applicant may to the final site plan/subdivisi(_n approwd ned then to con-
submit all or part of th_ preliminary pfiln for final approval strucfion. This survey wns conducted fi_r the 111municipalities
withinthattfineframu;however, ant:xtensionofupto2years willlin the proposed Route NJ-92 corridor in tented New
may be granted. Jersey (7). Tile Route N J-g2 prt_ject consists of constructing

Information required for dais stage includes everything nn approximately 13-mi-lmlg interconnecting roadway link
required at the preappficution stage plus information on all between US-2[16 north of Princeton and Route NJ-33 east of
proposed setbacks. Hightstown. For the 10 municipalities surveyed, Ihe averuge

time for tfie development approval process tu advance Irom
the preapplieatkm sketch plat approval io construction is 1

Final Plat Approval ISite Plnn ur M_dor year (see Table 1), This fime frame would be typical for a
Subdivision) devdopment wilh no unusual problems.

It is therefore cfifieal to nmintain close coordination widl
The liltal stage should almost be automafic, provided that the muni¢ipafities throughout the dev=lopment of the FNS in order
applicant has made the necessary changes required under pre- for developments receiving approvals Io be addressed in tile
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'IAJIJ.E I P.()UIE NJ-,_2('IHII_.H}()II'qLINI('II'AI. pre ntinarv_iteplan'_nbdivisit_napprtwah_t_uldb¢cquiv.

SURVI!Y: M LrNI('II_AL AI_lqJ.()VAL I_F.tJ('I_S_; ¢ ii "if ;111_cd, dt_it!lled, alld 11r¢l_r;_Illrlte_I" ;ind lhilt lhL're-

hnt¢ Iri_nl l_r¢;ii11_liC;illltl_ I'_r¢ tlltP,_ dtP,'uItlpnteltt_ :_Iltluld be incllldud in lilt' llri_l_tl'.cd
_.Illili_ilt;llit_̧ hl ('1_ll_Ittleti_ll prlleedtlre t,_),

('r;iilllt_r_¸ l'._nqlill I !¢;ir "rh_ I_111_1_ir_gpr1_¢ethtr¢ w;t_ i_r_i1_)_etl ;itld illllllemenled
S_ I_rulp,Wiekrtll_m.hil_ I !,tar t) , I:ilZtlr¢ 2 ah*t_ il]n_*tr;ll_t*,dli*, prtl_¢,_,

Fr;mklin "It1_i1_llil_ I i¢;=r I. AI the t_ut_et _iI"lh¢ FNS, lht' i|EA _t_ch_¢¢_mtulli¢C_rt_up i

J,=In_hurg ll_r_l_ll 2 _IIL1tIIIl_ will f_irward ;i leltUr to lhtl_c _11ttlliCil_iLIiti¢_;dfuclcd hy pln-
_*hlllrtl.: l'tll_n',hip _- 15 iIl_itllh_

'*V¢_tWilltI',t_r rt)wn,,hill _. nl*inlh_ - I !¢;_r de..eIiiillnen[ ., havtt ret:uiv_d, ill ¸ ;irl." ;lhtlttl hl receive, l_leIilll ° I

M_in1_t_nl_'ryT_I_it_hilI I !¢;u¸ 2. tfa d¢_'¢:]__llnlenl r_ei'*_. '_tlch _In_Ipl_i1__IIand i', .dl¢¢Ied

Silt ll_i: _.lUlll¢lllal phLllnln_ho;trd_ i_' ] e lit" 111l_,_2t[tlildl_;l_ ¸ inlpl.tlvelnttnt, lhe ;p,',lllltptitln _lltltl
lhcn h¢ ll_;id_ thal l]d:_devt_It_plllelll iv_tdd g_1hl t:¢ll1',ti flU'liti11
_ d 111I¢ Item ;ear _ _,¢t tl E_[_t\'r.'_ttr_¢_' .rhi*,lleW de_¢I.

FN._. A prt_eudnre neetl,, tit he dt:_.eltlped hl u_;llll;tle liiii,_¢ _ii_ntenl _'*tluld lhen flu ¢_'ahlaled on the be'.i', ill' ,,ire l_lalt
_ttbdivi_ion infornlati_ll avail;iblc Ir_In lh¢ _Jlt'¢ctetl munici-

illlp;Ict_ tlll IIler, e tle'¢t'hlpnleltI!,. I _dily. ;ind I u t1__*ttre_,tlt.__irtd '411'.barri_2rruetllnnlelld_ititln',
i_¢ludcd in the FNS,

PIIOCh'I)URF._ TO I_.VAI,U/,.TF. t,iOISl._ 3, Just before the et_mplelitm _iI the FNS. 11=¢ III:.,.\.

IMI_ACT.'.i ON I)EVFJ.OI_MENTS TIIAT ,_.I(E Socit_ect_n_nli¢ Gr_up _ill check (via l¢leph_in¢ c;dI_ wdh

lq.,\,_Nl*_l), I)ESI(;,NI'I) ANI) PI{O(;RAMMEI) tht_e nlunit'ipalilie_ It up hLte lh¢ _ _ tl 't i¢_e and ;iIl_¸ new

dev_ hq1111ent:**.
Cc)ncern tl','t..r lllailH;linillg ehP,¢ etl_ll'dil_tlitln ivilh inuni¢i- ,4, On et nipIeti 11 I I11_2FN_. ct_'*er teller and a ¢_p_ _I ¸

ll;llitie_ ;irt_u during dit.ctts_ion_, b¢l_en the t_l"A alld the the FNS w_uld be _enl hl _dl nlunicip;llitie_ ;itfected by the

Desi_rl Unils. Tbe!;_ di_,cttstlit)ns l_)ellsetl o11when I_ _iddre__, proptlr.ed ;letiOll. Th_ FNS it, _¢nl ttl t11Ulti¢ip;llitie** t_ irtl_r111
11_ii_¢inlpact_* o11 llndevchlped lalld_* _'*h_re de'¢¢h_pll]¢lll i'* them that futu='¢ de'_h I n_ul|t I _¢at_d dj cc t_ 1 i¢ _l;itI_l_ ¸

pi;llutud, il _ de o zctd _,r pl o _tde_i_ i pro¢c*_'*, rl_;ly exp_tl_icl|c_t Ir;dfi¢ nt_i_¢ if located _',itI1in lh¢ ;ire;l_ d¢Iill-
Tbe ¢t_nccri_ i_t the Design Unit_ i_ that new harrier_ might eared in the FNS.
hu rcetln|lllt:ndcd (h¢¢all!*e tlt New ht_u',ing de'_ell iplllunP,) ;filer Thtt et_'er letter ;ib,o illdieat e!,whether the u*,_ _if ;ib_llUt11_nI

FNS ;irprtl;'al, wI1t]n the ]tl¢;ithlll ;ll]d height_, of llt)ir,¢ h;ffrierr, lllU;_u_u_, tnoit,¢ harliur_) _'_ittltl he etY,t.c:Iticicnl _tnd _itlld

a_'¢kno_.'n, "[']ittr.¢itt_.,,d_v¢Iopmu_Is ¢;lur,c prilt11_in_,(t_r D¢_,igl] ,2 "let" 'c ' udtlee t_r,¢. ]:ill._II_'. dt¢ ¢¢i_'¢r i_Iter rCtllle',t:_ lh_ll

h¢c_itt_,ethey [¢tIltlir_ mildific;itit)ll_ in de_,i_n p];inr,, ;ill nluni¢ipalitiut_ _l(feeted h_, tilt: pftlFltl'*ed ;iclion _:xcrei.,¢
_i a rusttIl of lhusu dit,¢u_ions. _iprt)¢¢dur=: _'.';I_,devehlped I rtl¢ I p 11nt_r¢_2;irdin_ the apprtw_ll tit" any new te,.id¢ll-

]I_, lhe Noir, t: T_'*R Force {¢tllttpo_,¢d tlt' E)_,i_n _md Environ° ti;d d¢_eI_II_I/ICal_t!,adjacenl to die pTililt_'.¢d il]_pt_ivenle_t'..

Ittelltal llur_iol_lluli Io _tiluvklt e stl_h pftlMttn1_*. Tiltt Ntlir, u Ta.*k
Iro_¢e propt_ed that the FNS be ¢ompleted before Ph;l_e II

of ¢ design pr¢l¢¢ss and any noise barriers r¢conlnlcnded in DEVELOPMENT STAGE OF FN$
this sludy be included in tile Phas_ II philip. (Pha_e II i_ tbe

ctltnpletitm _fg p ca teveop e of e3tl_¢zdcde_i_n .......... .............. ! 3
plan_.) This proposal ;=s_un]e_thai tJEA receives the crili¢;d 1
eroSt;lSections, plan _heeltl and prol'ile_i needed f_lr the prep° _te-FNS Letter Evaluation "Update Status
ar;nion of the FNS by this i_hasc.

Assuming ¢onlpl_tion (ff tile FNS tW Phase I1. Design has /
d¢letmim:d digit an IS-month time Irante is needt:d Io advilncc

the p_ojccl through final design (Phases II, III and IV) and
to submit Plan_. Sp¢¢ilication_ nnd E_tint;=te_(PS&E) tt_ FIIW/'. FNS COMPLETED

for approvah It is thus po_sil_le Ihal _=residential devdt_pnlcnl
et_uldgo from the prez_pplie_=lion staL.'eto construction _ilhin 4
thi_ tS-mt_nth tinlc frame (based em _EA's survey tile

approxim;=te dmt, frame to go from e p e pp ca o _ ;=ge FNS sent to municipalities

to ¢_nstruction is [ year), /
A m_chanism is needed to en_ure that, duriulg and _=tthe

ct_it]pI_tion of the FNS (Phase It), coordim=tion widl the
muni¢ipalides regarding new dev¢lopmems continues p_,riod- POST FNS / PFIE, P S & S

ically up to the PS&E stage,
Following disett_sion_ between NJDOT and FIIWA. a pro-

cedtlr¢ was developed ft]r mt,eting tht, federal mandate to e_ ;ll- 5 6

uale noise impacts on developments that are "planned. designed, 12 month check 6 montll check

and programmed," while minimizing disruptions in the design
pretest. The FItWA concurred with the BEA'_.prior assessment I:I(;UI{E 2 I'rt_¢udures Io etlllt_at e phlnlled dr",dl=lllnellt _.
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"l'hc_,cpr0ccdurc_,;*rt: ¢t_n'+[_,l=:nr_ilh the _=LI_,=_tlh¢ A TYPICALPROJECT
MuilicJp;llL;ind U_ctr. x¸+'t_urll:lltl_-;l_¢iiqtllli¢ip_l;l¢[forl ti_
_uiLl_fo*: ;ipprt_llJ'i_Lt_L¢'+__lr LICX¢]L_pnlCJ_[_11'I;_lld_ill IIIJ_ I
_.t_Jt':,in ;l rn;mn_:rx_hich _ill ilrt_rll_T_Ih_pLihli¢hc_lth. _,;LI_I_' i PROJECT J LIMITS ,'_UNI./CO.
;trld_cn_r_ _:f r_:" ._foni¢ip:Llili_:',.th_r_for_:,_=rc_i_lltll¢ [RI. NJ 24 i RI+1-287 to Hanover,
r_,pt_I',it_ _' _Cml_ i ¸_ itlrltl j_J;_nrlill_t¢+:hnqua:,, lr_,t_ Sec. 9E, 10Hi ColumbiaTpk, PtorhamP,_.
hctir*_111d _r'_itl J"itc _1_111r_ ri¢_'II_I¢C_'+,r_,JF_rllvjn_ r_* i Morris TwO,

J_.[¢llti_lldc:v_fopr;,lcrlf_,_l_lj;l¢_tl31I_ cXi_lil12_lr [lr_ll_l_¢_]'_l;it,: , _orris O0,

hi_fo_;I._r_x_iIIL_ll£I_ld¢_lU;l[_:ht_l'¢r+*_x_ltlJ_.ln_lt ;tl_llc_rttl he = +
in fo_:h_:,,tirll_r_l _l' the:I_Ltt_li¢. I L^ND USE I._ILESTONE$ PRE.FNS

.R."r_¢]_¢ nltlnUl_,I_¢_t_rcP_;&_ _l_p_l_;i I lll_r_l_;i1_[¢1_̧
h nlt_ntfo, foll+_in_ F.N$_F_pr_l_r;LI)IJl¢ IH_..'_-_fociL.t_:_rll_mi¢ =_/87 BE - C Nolilic_liot_
Gr,.lLtpw_u[d_,ctl_d_ll_+th+:rJ,:llurtoth¢_tffo_:tt:Llrllllni¢i_;tliti_:', FN$ - 5/89 9/87 5/_8

n;Lryi_r ffo_tl,,it,:pl;in,_;u_di_i_,jllrl;q_pt_3v;_],if,,ijch;lppr_l_tl PH3- 1/89 Hanover
h;L_,_1_:_:Ji_r;irll_l Io ;t d,:xchlpnl_:nl. Ih_'_E_'*.-,_'t_i.,_Gr<_Ltl_ PH4 - 3/89 10/87, 5188FIorh,_rnPk.
x'*_lll_lI_irl _ Illli_u ;Itl_llx'_,i_.;trl_];lrl_̧ Ilii _; i)11_11+:;t_,_1_:', 12/B7, 5/88 :
x_tluIdJl;£'_'_[tl hu in¢l_rptlr;ltcdirll_l (Jl_jlrt_j_¢[plain.+11_:l41r_ Morris

P_&E _ppro_+;_]I_','FI _.t._, 12187, 5/8_ i(_. _ t,il_lihLr[¢:tlctl''+_'I_UrLJIlU "*_l_lI_lII1_:;d'f_tct_:L[I]lt_llicJ-

p_lliti=t_(_m_lRh_,h_for_:P_&E: if n_:_:dcd._ippropri_l,:rl_i_,,: ,IPOSTPN_ PRE. P S & E !
_ln_[_,,_,j_*_lrl_JillilJ_;itJtlnnlu;l_tlrc_,_+-'lluIdrl,J_dIll ]'_¢_Ln_IIVZCd

'* ¢_¢C_:_'.'_NJ_OT lit1 zhcJ:_l;itu_;tlf pr_lpl_,_l d¢'.ctfoprll¢lll,, !

Throu_llout thi_,period. ¢x;,:ll_illg _r_llnhi:for+t lh,: ¢_nt- FIGURE3 I,t,t_id_lllialch+:ck_r I]nLiIr_J+,e+*t_Jdiu,,.
_lctfon o_ th,: FN$ to PS&E ;Ipl_r_v_l.th_ FII',VA ;_ridth,:
[]EA_o,'YI_[s,:(3r<_upw_uld I+_:k_:pl L_p_;llcdwith UI_ inforo
malioll ofoain_d fromthct_lff¢,:t,:d n_uni¢ip;_liti_,tllr_+;l_hIll+:

SllIdi_ Ch++rtpr_tp_r_db_, th_:IJEA-S_+_:focc:orl_micGr_up

(/#) (s_¢Figur=t3.) Thi_;¢:h;_rlcont_tfo_;Ih,t:,l:_[m,_ _LJtmc=ni_:- Till_,p_lpc_"h_+,;iddrc_,_,,:dtll_: i'.',m:. "11_' d_+¢_Ihc ,w][3_)+l"

for Ihos,_proj_:ts rcquirin_ _lnF,N$, It i_upd;Ll_tdnl+mlhJ_,+or _n _vhi_:hdevelopment i:.pl;mncd_'hiJ_:l_l_,_minlmi,_ingdi',.

I_ _ddrc_,'.in_this qu¢_,fo_n,Ihc _,t_itct's_rt_wlh tr_:nd__lnd

Ilcm¢lldt]u_;='c,,idctnlJ;_l_r()v*lh Jn¢¢rl_lill;LT_:;£'_._lrld_Lneed

A_OCI,tTED _'*'ITIITIlE PI_OCEDUI_E_I"O
EVALUh.3"E_OlSF+I?+tP,'..CI"_C,_ th_pow_:rto _lppr_+_'_dcvcfopnt_:nl,

I)EVE|.OP_,IE_'£_ NJDOT p_r_,_nn,:lIo_rriv¢ _l a plan thatI_r_uldh,: ¢_rnll_Llihl¢
v,ilh bolh the t_:d=:r;_lprc]_rarn _m_ N]DOT E)c_i_ pro-

(3_nctr_llJy,lh+:pr_¢_durc_[nlplcm_:llt+td[o d_tct¢lprop_,_:d ct.:dur_:,,During th_:_,ctdiscu_._fon_,it w_Lsd=:l=trnti_l,:dI]_lt
r_Jdcnt[uld_v_l_+pln_nt_¢_rlyinlhcd_si}_n_tud_,'pha_¢h_v¢ rcsid_nfoL]dcv_foprn_:ntsrcc,:i'.'in_ pr_tliminary ",ire pl;_ll!
_'¢*rkcd_'_ry ',_'_11,TII_ periodic checks,:,,]thmuni¢ip_li_i_, _,ubdi'.+i_;fo__lpprov_LJf;Lll witllin [he _'dcr_ll ln;L_ld_tl_t_f
affc_¢tcdby propo',¢dIlighw_y [rnprov,:m_trllsh_lv_d_t_:¢[_:d '+_l,_nn_d.dctsil_n,:dand pr_r;imr_l_d" ;Indth=:r=:forc_:ullnot
num_:roll_;dc_rcfopmcn[_,unknownprcvi_t_sJyt,_t)]+t_JDE)'T, I_¢i_n_r_:din Ih_ noi_;c:.+tud_,'pt'o_:,:s_,.
Ih_tar_inthe c_r[),pllknnfo_ _;[_s _lltdIh_twil] require:_1oi_,_. Th_ p o¢,:du _' for =t_,lull ngpl_Lnn_dd<:'.'copmunt dur
mitigation a'_s_m_nl_;,It is ibis t_.,pcof c;Lrlydct,:c[forl lh:ll ;h¢_iloi_ _,tudyprocessi.__ w+'_rk_Jbl¢;rodc_n¢i_: i_];_n.I[
m_nimiz_:;dJ_,rupIfonsin h__T_tsL_nprocess rtdp c '_n _,_c _Jy_; implc:m_nt_;th_ f_:_/<:r_llrcquir+:m_:nlby m_Lin[_ining¢1_: _Lnd
in and _;ub_¢qu_:nt;_ddcndum_;to [he FN$. continuous ¢oordin_llioJ_wifo muIficip_=litics[o tr;_¢knew

how_v+:r,t_lany nlunicJp_liti_+ for cx;_mp]¢,I_ck _dcqu;_t<: _f n,tw n_is_w_]l Z]rl_Lly_;i:_:UldJ_t_i_n_lr_minimiz+td.
s_,ff +rodreply I_1_or do no_ r,_p]_,'at _IL _fony muni<:ipal
r_pli_sJ_k clear ;lnd_onci_;_in form._fon _nddo not ¢_nt;_in
;_11of th_ informationrcqu_:'_tcd,suchasplansshowin_foca- REPERENCIL_
tfonof proposedbuildingsinr_l_tfonto th_propo_,_dro_dw;_y
impTo'¢_mt_fft_.Th(_T_for_.5ubscqll_fl[ch_ck$_rctr_quii+_:d. 1, _l_ll _'<Jt,s_.._ftll/._,New Jcr_.¢yRl_ul=IF(P_¢_v_L_'.t_fllnrnLluth
FinalJy,it i:_oltc ndifficult to contactknov,,Ic_dgcablotmuni¢ip;ll C,]unty._,_cli_t_lS_B and 3C+_ .nnc:ttPl_min_+l'r_=nsp_rl;_li_+_l
officials i_'hcn¢ondu¢lj=lgp_rfodic ch¢_¢_;_;. Ent_im:_r_,,Inc,.Jun_t_)_.
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_-. _/Jlll_lllrJll /_llil_rl_,_ t_Jr N4'l_' Jg'r_'_ _. Jl_' I, /_i_ Nell' .rcr_¢y _ ,_Ji_¢, _.lcrnof_ndL_nl _r_l]l [._ J_I¢_IL_-,.I_l_'_'_, t_l J. Kc_J_r,

t_¢jl_lrilll¢_ll _l_ ]_hi_r, "]'r_nloll, _. _l_l_ _I_r_l'l'_, _¢_ Jcr_d_ l_¢p_Lrlnlcnt i_ J'r_iJl_illlrl_li_lfl, _T,I_

_, (_, _t¢_llfi_h _lrlLI A, _Jll_l/. _,bl, Jl,tll_ __;rl_lLs/i _r_r_. J_r_¢_ _I_J_irl111_li[ ol _f'r_lil_tlrlilti_rT _Icnlllr_lrld_Irnb ,IL_n_ il_
I,_Lit_r_, ]'_1_ _L,li,_ Uni_cr_i_! ¸ _1̧ Nc_ ¸ Jersey, N_w _lrLJtl_i_k,

_ll_[idnl¢l_l _, iJir_lt_gJ]If]¢ _[ J._i',i_iti_¢ _¢-,_iLl_. _¢_ Jcf_y

?. _lLirli¢i_llili_ _il_liJi tile N.I_2 ('L_r_l_r. "f_l_'rJlll_l¢ ¢_i_¢_ -
lion', ol[l¢_rr]il]_ tJ_¢Si[¢ I_ll _L_i_di_i_i_ln _ i¢1_ F_1¢¢_. _Ll_., IJlll_/ll_lfl_tl _!! ?/_i_/llllJl'r _l_ls_r_l_r_"d /1_̧ _ _Jlt_l_l_h'L,r_JI I_l_l_/Jr_t_;ltl_l"
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Automated Light Rail Transit (ALRT)
in Vancouver, Canada: Measured and
Perceived Noise Impacts
V. SETTy PENOAKUR AND [-h;Gtt IVIcLEAN

This paper anu )zes Ihe tta)Mde nui_e impa_t td Ihe Aulmnuted s!.'_.tehi. _t_built, is sho_n ill i:igure 1. ]t i_ undtrgtou,d v_ilhin

Light Rail Transit (ALRT) lit Ihe Itroadway Stalhm aud Nlmtdnu) the Celltra] busines'_ dislrict and I it: rot a ndtr s gellera y
NI,tioll ur_:a_o1"'¢:ttncnu_er. C_n,d,. ']'be r_¢arch i_l_]ectil e v*_ on ;in eh:vated guid.2 w_ly. _'.itb "_onl¢ '.¢gment_ ;it _2round I¢'¢¢[
t,ofold: to establish _ rel,thJn_hlp hePaeen indse le_'ls anti the t)r iu.cut.
di_t,nc_ ttb tht_ ALRT guide_a_. ¸, and tt_ relale r_hients' nld_e
pc:'rc_ptlon!itl_ tbe llaeusured nld_e. In ApPl11986. ntl[_e ul_a_ure-
IllelltS lind tl _itlrve)' _lf re.Jld_llt_.' perteillblll_ Itere unl _rttlkt'i ly
the Sch_d of CBnlmuugy and I_gi_Jnul Plalulln_t Univt.r_g ' uf S'I'UtI't' AREA

• Briti_b Ct31untbla. Using this ha_e data. the 24-br I..v _a_ calcu.

t,t_d. The final)sis indic,tes that the relatluBddp ht't_een utd_e The study covers the Brt_tdway Station and the Nunainlo
,,d di_taB*;*:i_ _ltllhtgurllbllll¢. All L._ t)t"$5 dg or more. a[t_r
adju_tlnttnt_ 1o the 24.br L.e ha_ed uB criteria fnP prevh)us ¢ot_- ._latinn _lre;t_.. ;is shown il_ Figure 2. Ill Ih¢ vic i its' uf tilt
iltUltity ¢xpoMtre tu ALI{T tnli_ ulltt baekl_rtluud ul)l_ [n th_ I_rll;_d_'ra_"St;Iti°nis anlix_')f_lp_lrtnlent_.dupltxe_;uld_ing l¢-
neighborhood, defhl_ tbe _uue uf high IBlpaCt. The distance fronl family residences. '.=.'ith ct)mmtrcial activlt_., along Bro;idw_ly
the ALR'I' Iluldt.t¢ ay at _hltb uulse I_vel_ t_reunac_ept tthl'e rung_ and Commercial Drive. South and east ;dang th_ AI.RT line
frnm 20 10200 it. Thv Vunco,_er ALItT system _as plunnt.d lind toward _he N_tn_timo Station. the neighborhood tunsist_ pri-

built *=Itthe tmsl_ that only thu_e propertle*= _lthin the ALitT ri_itt marily of single-family dwellintts.
o[_l_y were to b_ a_tJulred and nulse inlpttcts _re IiOlimpt_r t_nt.
The e_p_rieuce since 1_86 and this research Indical_ thai nul_e Th_ decision by B.C. Transit. in I_t_2. to con_trllct _m ele-
imptlct_ are intporl,ilt and _hould he mit[gBled. It I_IIos_lble Io _.ral_d transit guidew_ly purallel to Commtreild Drive and
establish mea_ur_ z,n_ of high Impact. Planning gual_ mu_t through a residential n_ighht)rhood sparked local prntest and

u_¢_:_ttrll)'Inc udetb*:greMtr_tl one envlrul tltntalt[u_ v )re- corllro'.'ersy. B.C. Transit ¢nntended thnt thi_ was the onl'..
...t!ntb)lt and mJlIRatbln of Ile_ati_e hnpacts mull he part or the pr;ltdcal routt_ and that the _.uggested alttrnati;.¢., were un-

*i)'_tt:lti_splaBnglg. _conolnitai. Local resid_2nts and tht_ city of Vancnu'¢_2r
deulandttd th_lt _1cut-and-cover tunnel he tnnstrutted under

Vancouver is Canad;l's third largest metropolitan urea. with Commercial Drivu to avoid the demolition of hon_t:_ and

14 municipalities and a total population of 1.4 million in i_86. numerous other negative _ommunity impuct_ including noise
A_ early as ID70. rapid transit was promoted as an effective (_). The additional Sl4 nlillion retjui_cd f_r a tunnel, how¢_er.

safutitln Io transportagon problems tl). Tilt Greater Van- was not acctzptable to B.C. Transit. and construction hegan

cnuwr Regional District (GVRD) and the City u[ Vancouver in _arly 19_4 without local apprnval and anlid much cuntro-
produced plan_ for rapid transit _ystems with .appropriatt_ versy. Th_ AL _.T system was in full operation by January

technology over tile _ollowing 12 yetlr_, but neither group had 19_6. in tirol: for Expo 'gh. which opened in .N[;ty 198h.
tile legal authority, taxation powers, or the finances to build
a regional rapid transit _ysttn| (2J.4).

Tile turning point was 1982, when the provincial govern-
nlentnnnounced glat Vancouver would be the host city for MEASURED ANI) PERCEIVED NOISE
a 1986 World's Fair _ith "TRANSPORTATION" =isits theme. IMPACTS

The fair. at first called "Transpo '86." was later named "F.xpu
'gh." In conjunction with Expo '8fi, it was decided to build a Research Goltls

fully automated and elevated light rail trans t svsten (ALP.T).
The planning design and construction of the ALRT svs c n The research goals were to Gdcutatc tile 24-hr I..._ based on

was subsequently tak*n out of die hands of Ioeul/regional wayside ALRT noise and ambient background nois_ levels.

authorities and became the sole responsih itv of _t provinc a to establish a r_lationMdp h*lween ALRT noise and distance
crown corporation/agency _nlled B.C. Transit. This agency is from th_ guid*way, to delineate zones of high and tow impact.

now responsible for all public transit in British Columbia. The and to imaiyze residents' perceptions of no/so based on these
zones of impact.

The zun¢ of high impact is defined as the area in which

ALRT outdoor noise levels are unacc_pt;tbl_. Canada Mort-
University of Britlsh Columbia. Vancuuv_r VhT [W_. C;mada. gagtt and I lousing Corporation (CMIIC) guidelines specify a
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FIGURE I Ilegional Al.E'r r,ule.

FIGURE 2 ._ltldy area: Broadway Sl.lien area and Nunuimo SIaII,. area _'_1 of NUl|ililtl, Street,
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2-1dlr L,I, of 55 LIB or nlnru ;is LnlaL'ecpl;d)iu in a r¢_idcnfi_fl bet_uen M;_y and Angusl of 1_184(IN), [a,c_idcrl[_ _¢lL' qucr-
arff:l I_), "]h¢ it)tie ol ltlw inlp;*¢t is Ifie runl_JilldUr t)f di¢ _Indy iud on l]l_" AH_.*['s int_ueJl¢¢ i111future n¢ighfiod1_llld rlOi_e
arfa, ill _xJli¢[1Ih¢ 24dlr L,. _'_;tsI¢_,',tfian ._:_dI]. ;uld Jleighbtlrhotld ch;Ir;l'.'IL'r, SllffblL.,¢tln(llni¢ cJi;tr;_lcri_tics

In ordur h_ rL,filIe iioi:_eJL'_l:[sl¢)pcr¢ffpli(nls. all ;IdjUst nlen( _¢r_ nolcd+ _(_ ntd_e nlea_*urCJllent_,. Jlc)_uvcr, _¢r¢ [_1_,¢11

Iv;Is nl;tdu itl Ihe L,. r _)ll IJlu J)a_,J,tlf _.8, [_ll_irolnllcnl_l] ill tfib, _llldy, TIle ALR'P s_lunl i_;is ¢omp[¢l_'d _ind h¢_anlc

Pr(llffL, lJon .,_.gfftl,:_[EPIC) c)'i(¢2ria _lr pl'_%il)llS fft)nlnlnnily (q_r;llitma_ ill J;inuar_, JqSl_

uxl_o,*ur_ ulld rl()Js¢levels llle;tsur,.'d in al?suuce ill die inlrud- Ill April ] '1,_(I,nt)isu nl¢_lsnrenlcnls ;ind ;t pL,rl:upIJ(in %Ln'_.¢_
i11_ nt)jsff 17), T[li_ /idjllSlnlffnl ;ippficS only Io refiuin_ tJl¢ of ru_idulltS were tnldcrlakell by lfi_.' ScfiOl)[ _1' ('(Hln11LlnJlv

ttlU_lsurcd iI(iJs_ Io perceptions, It _l;*s not u_ud in tile an;dysJs ;uld J_egfi]naJ PJunning ;it li]u LlnjvcrsJly _ll l_ritis]l ¢'nlulnl_J;i
_tf Ifi¢ relafinn_ldp bcl_cun n(lis¢ and di_l_tnce. {V, S, Pcnd;*kur ul al., "ALl"l" N,,is_ 81L'a_urcnlc*ll_ in tile

The: EPA :tdjti_lnlunt_ appfi_;lble t(I 1be _*llld_ aru;i _verc l]roud_y Slali(m/_rca," unpubii_ficd, p_NT). I:¢nt b r¢_idcu-
+_dlllilrarcaswiihnt)pri_lruxpcrical¢¢l_ilhiltlrudinsnoi_e. lia] sit_s bct_e_n the I]r_utd_;t_ aJld _an_lJil141 Sl_lli(lll_ were

an,.[ ;_ L+t)rr_:cfiorl fi)r outdo)or n_)i_¢lucca_, ill die ;ibsellCC ill ¢[I(Isull;_lrand¢lUl,'i'hedisl_ln_:ulr_uiIdleguidux_;z_lilrsur_l:_s

hztrudJng noise: zero dl] lilr ;in tlrhan f¢_id_flfial ¢onlnlunily ;tnd II()is¢ nl¢;tstarcnl¢ll[S _arJffd Irl)nl -_1lI_l _11 It [apllr_l_.i"
ntll udj;lccnl TOIlCa_ il) II ,_ _'l_:d_,_d_, _z -5 dl3 f_lr ;t n_is_ nlately ore: _*hi_rlhlofk ). ]'tic .'l-_ UJgJll_.'till_lisu nlua_,urc,nu:his

urb;*11 Ctllnlllllflity near rcJ;ililff[|' I)ll%yro;tds (7). II i_ r¢¢og. I_¢ru divided hll(i an indoor )._.nlin l.,,,, p_._ak fildl}¢lr and

nizud Ifiat [_PA _tdju,,[lnfnl½ apply ill _._. nleustlrcincnl_,, _nlldllllr le'_els, ;lltd anll,ienl indl)nr ;uld _lutdollr lu'.ci_, F_lr

IIo_evur. I]lcre is _lllJy a 3-d_ diffcrenc_t fictl_¢un L,, t zind bodl the peak indo, lr and ouldoflr levels, fi)nr I_ six nlua-

L.,, if tfi¢ ALLOT s)S1_ln does not nllur_]te b¢lwecn l,(ltl ;_.m. surunlenls were I:_kun 1¢_(d_tain ;In uv_rag¢ i_.vel.
and h.lJll u,m,, and ut ]lull tile frequency h_.tlvecn |l,lJll :tAn+ AnOlJlcr _ul of inuusurcnletlts _eru taken *m crils_._tr_,els

and 7.1AI a,nl,, and midnight and I,uII a,lll, (N), al _lt-I'l inlurv;fls, up t_ 21111tt 1¥_1111IJlu A I.l_T gttidux_;t_, "l'llU,U

nleasur_:nlent_*were of SJllgi¢.u_¢nt nla_inul and al11[li¢ll[ n_)is_

levels, "[fiey _uru taken at 7h _ile_, "Y_gu[ficr. _Hlldtlor ntlist2

"['hl:ol'elJ¢llJ Aspe(:ls nluztsurelll_'lll_ I_ere [ler(¢)rnlcd at il tot;ll _11] J¢lsfi_,"_,
The L,,_ vafil_S _ere inuasul'ed _ilfi ;t Nl,:ll'_ls_mjcs Nlod¢i

M;tny /;tutors contributo to IIl_ ffnvirollmfnlaJ ([u;dil_' ,1( a 31)fi/[4(_ dB - 306 Metr()h,ggcr, ;llld _ingl¢-cvcnl ]c_el_ _efu
neighborhood. Among the nUgalP¢ impacts n[ the AI.I_'P. n]easurud with l_-(_ l]ru¢l arid Kjacr Mudul 224_h Precision

noisu is lh_ most easily identifiable and quantifiable, Often Sound Level Nlutcrs. Each de_ic_ x_;ts_:afihralcd lt,q'_._dl_A,
tile benefits of improved ;l¢cussibilily ()n the region;d se;liu As a pz_r[of file perception _,llr',¢y, lfiu re_,idulli _,weT,:asked

lake pr¢ccdellCe o','¢_rnugafi_e impacts fi)ipo_,od at tile neigh- _,hulficr tfi_.. ALRT n¢lis¢:couhl bu fieard illtfi_l)r_, untl iJ MI,

bnrhood level, The rcsponsifile authl)rfiies ;ire all too ,)|ten in x',fiich roonls it c,luJd bu fie;trd. Tlluy _',¢r¢ then _iskcd if
Ulla_vilr¢_ of, or ignore, lilu;,l impacts x_fieth_:r IIIcy be: inca- the noiso ;lffuflud their sl_.uping p[ttterns. they were ;p,k_d

surud or perceived, to rank ALLOT noise _itfi all other rl¢igfib_rhn,_d n_i_us, and

AI.RT nui_ is generally produced by wfieel-rai[ inlura_tion IO ralc Ihu over;d] n(_isincss of Ifiu n¢ighborh[)()d.

and lhu electric nl,_lor. It can he intensified by '_h¢¢1 _quual
:tround sharp curves ;_nd an elevated guidu'._ay, t_(lun the

rusu][ of design constraints (8/3.10), NIlis¢ from eluv;llud transit Analysls
slruczurcs [s also a function of train speed and lenglh, dislancu

frulfl (he Irack to Ifi=_fcc¢iver, shielding, ;lit and gTOLlndall,n- AiJ sing]_-cvelll noise rnu;l_uremcnts ;nld ifie fi;it:k [_roLlndrl¢)is_

ualion, slrucllJru lypc, ;ind vehicle ;ind Irack condition, _re converted Io _4-[ir L,,I[¢ _'eb,.Tills COllt.unli()n _;ts basl_d
The percoivcd noise impacl dcpend_ on whelher re_idenls (m lh¢ fol]owfi_g formula (8):

consider tfi¢ _t)LlrCUas an intrusion, an3 whelhur their beh;tv-

fi)r is dlsruptud t)r cnhnnced (/1). I_¢sponses IO questions Oll

rapid transit, in parli_ular, depend on lhe naise magnitude as L,,_ = L. + Ill log (n/) - 4_
a function of frequency and time. so¢ioccotlt)nlic conditions,

the type of activily inlcrfercd with, pasl experiences and emo- where

tionaJ ;_ssocia(ions wilfi sintiiar naiscs, individual sunsitivily, n =numhcr o( Ir;dns pur fiour (or tfiu L._ time pcriud,
and the l)p¢ of quuslion used in th_ survey I12./3,14.13), / = Icngdl of u train in mulurs, and

L_ = the maxinlum /|-wui_filud S_)LJnd level l_)r Irain

l(e_eurch Melhods pass-by,

Tile fiackground noise was c_lrp.'¢rlcd to a 24-hr L¢,¢ using ;t
Tfie ALRT noise level foruuasls Ior P)86 were obl;lined frorll model devo(opcd by Barton and As_oci;ttes (/9). Tfi¢ model
t_c(msultanPs reporl and tile municipality's _xpec(alians (16,17), assumes that the noise levels are at maximum from 6 a,rn. to

The consultanl study was dane in 1983 .nd combined Ih_ 6 p.m., droppin_ from 6 p,m. io nlidnigfil and lowusl (rom

measurements of ALRT pass-by noise taken ztl the ALRT midnigfil tn 6 a.m, Examples applicabl_ to Ihe sludy ar_a ;tru
D_velopment Cenler in Kingston, Ontario; background noise 60 dB, $4 dB nnd 48 dB lor the tfircu periods respucPv¢ly,

was measured ;tl tfiree residcnfial silos in the study area. The rclal]onship of ALRT noise and dist;m¢c fr_m the
The [[_st Vancouver Neighborhoods Study surveyed rusi- guid_wzty wus computed by using rugrussioll an;dysis, Tll_]s_

denis near the ALRT Ifit¢ during Ihc ALRT construction, sites where backgrout_d nois_ c_ntributes more to the 24-hr
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L,, I thnn tile ALR'P I_ns_-hy noise are t_xcluded, reducing tile I'ABL[_ I Iq!RCEH I(IN AN,:I.Y_;i_: ('c)DIN(i
total tlunlher ol ¸ :die_, IrLnll I I_ It_ _3. SYSI E_'I

I,;nlironnlellt;tl _tctor_. stteh _t_, the height of the AI.I_'P S¢:t1¢

gtlidewn_'. _.hielding ;tnd relb'etiot_ ol noise. _lnd toiiogritphy.

e;Ich hale an int_uenet: Oll the 24-hr I.,,r It i_ iltlt wilhin Ihe C_tle!:._ry Ori_m:d I,b:¢,_ded

scope of tlli_ _tndy. ho_ et.er, to a_es_ 1he rehtti_ e sigl_ificance 1Perceived e_tent ot AI.RI ¸ Nill_'

t_l' these I_wtors. Sindlarly, odler nt_i_e souree_ _nch ;t_ tr;tffi¢ _.litLirll;tlnl_ Imll:J¢l I I
are ¢:tln*dtlered here us part of th_ b;lekgrtlulLtl L,. I, The rel- N.i_¢ h,:ard _tll_ _tn_id¢ 2
_tlive signi_¢;Lnee of e;teh ttf these has I_t_l heen studied here. I I¢;_rd ill _=tler, lonl 3 2

A zone of high ilnpnet i_ ha_d on n 24-hr L,._ ol 55 dBA Ileard m ' .he rol!m 4 .I
- I1¢_1rde_¢t_l_hez¢ 3 I

t)r nlur¢. A d jtl_tlllen t:__ele nlnde tt_ the 24.hr L,, rfor previotlS Sl¢¢l_ill_tii;.nerll _1tt¢¢1¢d h 5
¢otnnlunity exptl..tlre and haekgrtlt_nd nt_ise _lr ;dl 1981_iit_i,.¢

nl¢_tsttrenlent_. The i_re_iolts "dtldie_ prt_vide noise nlua_tlr¢- Ntli_i_l¢,.,,_11it¢i!2htltlrh_od

n_elltS ;nld _)ree;l_tS. bttt tiller sonl_wh;tt in tile percepti_ln t)uiet I I
qttc_ti_mn;dre, "l'herefi_re. they are analy_ed _el_ar;ttcly ;tnd F;lirl_ _L=let 2 2
roll etll_lbined with thtt ltJSh nleasnrelllelltS. Mtlder;n¢_y qat¢l 3

Ntli_̧ 4
The t_t) inlporl;tnt pereepth_ll'* frt_nl the ItJS4 E;t_t Van- Very NOlo!̧ 5 5

et_uver N¢igbborh_lds gtndy ;_r¢the ;mti¢ipated effect L_fIhe

ALRT on _eighbnzhood ntli_e levels and t_¢i_hht_rhood eh;tr- I'_,nk _1 AI.I_. F n_i_¢ _ nh other n_ll_e_,lttree_
;Icier. P,esitl_ttts _er¢ ;isketl tt_ rate the ef_t ;ts hetter, no ALRI ¸ i'. ii_li_i¢_t I 5

change or wtlrse. These wer_ nn;tl_zed together i_ith ;i set tll¸ AI.RI ' e, _¢¢ond rl_=i_t¢_t 2 4At.R't' i.. IhiudnL_i._ic*.l 3 3
t)ther pereepiklns.._nch ;L_.the: f_tetor likt2d be_t or le;tM in tile ALI_: I' i.. IOurlh ii_li_i¢_t 4
neighborho¢ld, the anticipated ¢ll_lllge_. in the area including _.1.1_.I' t,, nnh tl_li_t_t 5 I

traffic on Ioc;d _treets. and the qu;dity of public transit _cr_ice.
The ¢l_l:_s-tabul;ttion procednre _;t,. used Io 0bt_lil_ the ;t_n-

¢i;ttitltt bet_t.'en tlonlin;d vari;dllcs, m|d the norlpar;llrletrie

procedure ¢;dculated the Kend;dl Tau-b values for a bi_;tri;Ite
ngl_tly*.isOf ofd_nltl variable.., guidewlty, the noise fr_ln ;lrld road traffic tnl fdtnTimer¢i;d

Dam front the p)S6 Noise Perception Survey were ended Drive limits tile impact of ALRT m_i_e.
on a weighted _¢;tJeOf I ttl ._ for statistical afla[ysis, "Pbe three I]etween [ lull Street and tile NamdrllO gt_nitln, tILe illlp;tt:ts

main categt_rJes _ere: Perceived Extent of ALRT Nt_is_. differ in intensity and dist;tnc¢, "I't_the Ilnrlh of the guid¢_;_)',
Noisiness of the Neighbmlrht)t)d, and Rank t)l ALIC]" Nt_i_e ALRT noise exceeds 55 dB onl_ at 50 h, _d]il¢ at greater

_it]l Other N(lise Stlurees, The coding system i_ _lto_n in distallees, tile noise levels are acc_ptahle, ()n thi_ _id¢. file
Table I. topt_graphy drop_ _Jgnifieantly nlovJng away fl'om the guide-

These pt_reeptitlrl_ were :trl;dyzed with the _djusted 24-1n way. To [t)e SOtllh tll the gukleway, the ttoise levels exceed

L,.,_, At 5 of the 40 residentkd sites, backgroumJ noise _as a 55 dl_ up to 15tl ft. This higher level nlay r¢_ult from more
grt:;iter t:onlributt_r in the 24-hr L., th;tn the I",LP, T pass.b), open _p;tee arid a gr;tduM Jltcline mo_ing ;t_ay frt_m II1¢guide-
These sites w,2re. Iherefore. excluded from the mlal)'sis of _ay.

perceptions. The reLlres_itul all;IJ%hi_* sh_)_'_ ;I n_;lf]sed ,:orrelnti_ln betl_een
noise zmd tilL*log _ff distance [r = - [1,723. p < .ItllOI ). with
over half of the: obser;ed _';trktnee e'qll;dlled by till + nit+tie[

RESEARCII FINDINGS (r: = 0.523L The 24-hr L,,_ tlrtlps by 15 dB fronl 2(I ft ttl 320

ft. The equation representing the conlp[ete ,.Itldv aren is:

The outdoor 24-hr L,t at tile 40 residential site_ are shLiwn in
Table 2. Similar data for street level locations ;Ire slmwn in Noise = 7tL99 - 12,45 log(Distance nlea_ured in Ill.

Table 2, Tile site locations in rdation m the ALRT guideway
are shown in Figures 3.4.5 and h. Data in Tables 2 and 3. Tile seattergram k sllo_n ill Pigure 5.

and izl Figures 3 and 4 indicate that thor=: are nlany sites in Tile distarlee fnm_ tile guide_;ly isdivided int,_ three _¢_-

Ihe study area where ALR'I" noise levels exceed ;l¢cupt;tble nlellls. _llere the first Seglnellt is itppro';hn;tte]_ [¢:_s dl;m I_o-
eMIle standards, thirds of the wheel truck spacing, and tile third _egnlent is

Background iit_ise, predominantly rend traffic. ¢ontribute_ approximately more than t_o-thirds of the train tenglh ( IOL
more to the 24-hr L,,_ than tile AI.RT ahmg three street_: This woLdd divide tits distance front the gttidcway ;It points
East llth Avcnne, Victoria Drke nnd Nanaimo Street Isee of 26 ft and 92 ft. In the first and third segments, the noise

Figures 3 and 4). Virtually nil the other figures show that represents ;t lille _tlttrce and in tile rniddle segment, it re_enl-
noise decreases to varying degrees with greater distance from btes a point source (10),

the ALRT guideway, The average L_,_ at each of the 50-ft The ¢orrdation and slope for tile first segment is not corn.
intervals are: 58 dB, 54 dB, 53 dLI and 50 dB. This is similar parable because all the three points are at tile same distance

to the 1983 forecasts {16), from the guideway, In the second segment, r -- -tl.391 with

Between tile Broadwuy Station and Hull Street (Maps 3a a signillcunee oflLtl2, nnd 15 percent ofthevari;mce isexplnined

and 3b) except for East 15th Avenue. the L,o exceeds 55 dB by the model (r-' = [), 152). Ii1 the third seglnt_nt. • _ -11.601.
ttp to 200 ft from the guideway. Along the west _ide of the with a significance of (I.()tlll0, and 36 percent c_t the variance
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• _-'-_,_" [__ The ad{ustud 24-hr L.., ,II'5:; dR deline_ lhe zoneof bigb¢.......... _-_ ........ "-_.'_."_."_--_ in,p;,_t Fim,re_6 a,,d 7. For cal_,datin_,hL,,dj,,led 2-l-h,. .<\, ;-i _. l _I¢ Ce e Ill d_;ty_ tl ][ull_;Ir_.el.11_ladjtl,l-
l_.l._l I _/_"_ -- t' x'.:', 1;ide.']'he¢iHlllllUlld_hildlt_p u _xI1¢li_11¢¢_lilh

: i I ,;--.|_A_AT"'" r._, lhelloi_e._qlichju_lil'ie_dleaddili_ulol 5 dltIOlhL'I.,.,;at

=.-= y, ..,= | ]" . L: e isi,,,t'.L'r,'n*d_,urbal rL.,,.le a¢,,n,lntll, il,
: _-_ i- I " lqlieh, undt:r Elb\ culeria. _Otlkl r_'dLleethe I..., lI} _ dB,-----_ .... " -- i Fr,,rl, lhlll Street t¢, Ill,' N,naim,, S1ali*,n.5 dB i_ a,hled?ii/-/_l....ll, gl

-- r h_ the I..._.becausethere _a_ nop]i,,l L'_i_l-.llreIll the {hfi_u
*_. "] __ illlh;ll ¢: _' I ore it i'*;tnu[hilllrU', iu _(l llllliI_

............. :.___" .£ l._.._rL__.__ L.--.. T e t, p r u ¢ iUlil]}.,i,o, i¢,id¢111_'per¢_'pl...... ,,,
l'.l_IDi'i_'_1l' la 1__J__ . 'fir ¢ ¢o [i ele ',filliP';ire;hiI_lh¢ AI.RT n*,i•¢ill_l_;l_.'d.

I J_L- n¢ifller ¢orrelati,,a ,,u_ _ig,lilieanl in lh," t,,, .,on,.,. F,,r Ib_

• _ {t i I Ol'lh_¢tlrreliltion_*l_it_tilliMieal[__i_llilicanl. l"orlllead LIMed
_----_=---'-'-=_-_.'_ ['S: -_::a----_'--_------1_ ' l L,itn ranking I \LllTni_¢ Jill IIler_) ee_ lherui_

b___-L_ il lliltterll l)I" rili1kill_ the AI.RT a_ the tlr_l .r • .¢o d ;ir_e_l
..... _i m_z_'_. '=-_i!"rn-r a_--,_. ,,,. co rbuo h_n¢i_hhorho_dnai_.legardl_,_nlth_adju_ted
. . . " ," _ ___-' ' • : '7_ [--- 24-hr/...,.Thisre,,d,_inlx,or¢orreh,,i,,,,,h,rd,_,,ud_a,ea

_ _ _: ;_ ,q=a==== "I[ " a_ a Mml¢. alld ill each/tll1_'o[ inlpaet.
l:_)r llle pereeiwd u'ilelll el ,',I.I_ r nt)i•c, ill I[Ie LOlle el

____ _7= __! _r___rn. ...--.J L--.-- higb inlpa¢l. I{i_l¢ i_ [ ,:a_¢in "3 M1er¢ lhe llOi_Ui_ heard

c_£. _ _ _ _mlyoutride I_8 dl]l. and I ,:a•¢_qlereit i_heard ia onh _me
.a._-_ ..... _.__ [ ro_lnled"dtu d_uliing (_ll dB ).One i;l_e elainled dlilt lh¢'noi_c

_' --- _'=_I' I!' ! _ asheard i11111orelh;ul one rlltllll ill 71 dll. "]'h¢_uthree ea_'•

--I it Gd _a _II_'_I[IW'ffHIWlI. _u_geM;I hl_;ktlf eIllplla',istln theilnp;l_:l. Tileru il_ I%li eiL_e_.-__'T'-_ i[---] _' ill _ dB _Itere nni_e i_ ehlinled m ;ill'eel • e_pi[iv,paltern_.
• -tT_'_-_.,;_-,_--'---" ! "_ _L._ I llasedonC.\ lCsad ds ese I_o¢;ls¢!,•ll_geMalleX;Ig-

', _ srl'rlllle_l ,_Wll. _e fled s¢Isil Vil)' 11111i1¢piffl el the r¢._[Itluth2111•."]'he',e
.:= • . " ';".'" :_-'_-4 _d ru_D)n_.e_.;flu _ol et)n•i_lenI l_ilh Ill_ilMIl'edllOi_uinlpilel_.

g ; , . k ," -- a=.,_ = . . _ • .__ ,, ; el tbe 12L'il_e_,ill rile 1¢)11Cel h1_ inlp;l_t, J ciilitll thill tll_
......." [ ,_"_...... I ; AL rr a _,_ _leepillp }latlcrn,, at ;Ill I..., ¢II _II dlL 51 dIL

l 1 . . :I- I_ ,,,k.... i ea,u ;it 54dB _:];,i,11dial t]1_.ALRT llt,J,e i, h_arde,_'r_,,litre
i .... I..... N. '_.,o!t d," t infllere_ideneeltal'l'¢;'r_dl;'tinIlli_z"ne'II'e_e'¢_en¢;'_e•
] .... * __. ". "_ li / do not represent reHmon_¢s¢Oil_i_lenl_ith olher _tudic_.The

• .- : ' " lee;ilion ¢ii these _,¢_u11t';ISeSdoes IlOt illdieate tIl;ll •ueh it

i--_. , -, _ --_ ,_, ._ ._. _.., reSlmllSeis the re_uil of a quiet It)cation, Four ol the _¢_ellca_esire r} le use ru,_e_ee lellr¢l;idl_il}Slalion

'1" ,,,d,s,,.,For e ; 11;I_.'_,isOf lbe di_.Cr¢lliln¢ie_b_l_*_efiIhc lI%OgOlle_,
Non_:L All noisel©wlsageme_,t_din dllIA).2. }Irlckeu_ndiCaleth_l ¢If Jrtlp;icl. l I.'_'rr I e " o _ CS_o I 1I$I I.'_h[Inlil¢lOd'"pr°*bmckg_undgoil_ex¢_¢_ALRTI_SS.byl¢_cl3.• leter_1o_lisemeail_¢inc_lS
=1resid_l{_lfileS. _ ', s [ir findillg_ Ill tllm¢ for die "'pur,:ei;ed ¢'_ilelll (11

ALRT ntfise." In tile zone of high impact, Ih_ Irequen¢i¢_
FIGURE 3 Total 24-hr l,,_, s t)w t ;It there ;ire oni%'.II _;t_¢_Otll tit 2g _ here Ihe Iltli_e

I1pLtClis Uldurraled by 111¢reSlIOlld¢lll_ill 57dB Ihere i_ one
e see a ng the lt¢ighhorhuod i_ "quiet." _qlile at 5g dB

isexpluin_•d(r: = (h361),'rb_nullb)'pothesisnfm_ditfcren_u and 61 till, one ¢;ise for ¢;ich chdnls "_.tllllO noises," The
between tile IWOslopes (i.e. lti-B. = 11)was tested, Tile 95 rulllairldef of eases appear to [1¢Ctlll'd_t_lll%%libIhe llleil_ured

percent con[ dunce inlerva was _aleulated as 11.¢)414< Bi-B: ntlise impact hosed on eMIle standard_,.
< 2.397. resultingin rejection of the null h)pothe_i:,, hl the zone of low impiiet. 5 ca_esoul tlf L2dn notappe;,r

The studyarea is also divided into two seetionsl [ronl the to he representativeof tile tlt_itsuredlloi_u. At 4h ti[_;tnd 4'I
Broadway Station to Hull Str_t. and from llull Street to tile d13. there is one ea_efor e;t¢llwhere tile lleighhorhood i_
Nanaimo Station. For the former• there is a strong correlation judged as "lairly noisy," aml one ca_eiLl5tl dB {tlldt_t) al
(r = -0,833, p <. 0001 ), and t)ver 69 pcrcenl ofthe observed 51 dll wll_r_ tll_ judgem_nl is "noisy," The_e tire cases may
variance is explained (r a = LI.694).For the latter, tile cur- account for the poor Tau.b correlaticlnin this zone.
relation is significant (r = -0.733• p < tl,ltlllll). hut less of The comparkon between the I_t) zones of ilnpa¢l indi¢;itex
dlu observed v_lriance is exp[aJned (r: = (),_3g), thai Ibere isa grealet proporlion ol_;it_esint]le Ztllletll Io_



I_?llIlakltr eJttll ,llcl.¢_Jlr ]q_

impactwhere the perceptionsare not representativeof tile a longer residency,al leasl It) year_,rank ALRT noise;,sthe
adjusted24.ha L,_. The perceivednoisinessof tile neighbor- grc:ate_lcontributorand evalu_l¢ tile noisinesstd¸ the neigh-
hoodJsa slightlyinorc _lccurateindicator of file measured horhood as"noisy" or "very noisy."
noiseimp_l Ihanth_ perceivedextenl of ALRT noise. Thepre-ALP.T percuptionsme_,_uredin the 1984EastVan-

For tl_ complet_study areal,those hou_hoId_ with four couver NeighborhoodsStudy also r_real _ome vari_Ltion
or m0r_ occup_rlt5lend to claim th_ttALRT noise affects h_t_n the two zonesof inlp_lct.For the compl_t_ _tudy
sleep.Also, thosewith four or moreoccupanls ;rod thos_ nrea, 42.1 percent believedlh;Lt the ALRT would h_,vent_
havingliv_d in th_s_u_y _lrealonger than Ill )_;tr%r;,nk the effecton _ei_hborhoodnois_I_l_, _n_138.2perc_nl g_lv__1
ALI_.Tas oneof the largestcontributorsof ullsources. In the n_g_tiv_ outlook. In the zone of hiL_himpact, 48._ p_rc_nl
hi_h.impaclzone,tho_e in _ingl¢-familydwellings_lnd those w_r_ n_utr_l, and33.3 p_rcer=thada negativeoutlook. In the
havingr_sid_din the are_ 2 yearsor moregen_r_,]lyperc¢iw zone of low imps,or,41.3 percentw_r_neutr_ll,38.9 percent
thai th_ .g.LRT noiseaffoctssleep patterns.Tho_e with four were negative,an__.9 p_rcerttwerepositivein their outlook.
or mor_p_rsonsin _hehouseholdtend1orank the ALRT ;is In th_zon_ ofhigh imp_ct,lh_r_ w_sn_evidentassociation
thegreat_st contribulor.Inthe zon=oflowimpuct, thosewith between _ neg;ltiv_outlook on the _ffcct of fire ALRT on
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CO_CLUSF3NS

__ The research underlying this p;tllcr hits been neither cxhaus-

!lrilllIIllllli!ll][ ,ire ,hefolhming cuntdu_itms Canbe dr;iwn:

• l, Vall_Onver's t_,L[{T syslern produce., nt)is¢levels lhal
exceed tile acceptablecOrllmunily envirollmefllal ,,tandard_,
establishedb_'the CMIIC i24-hr L,. > 55 dBA).

2, In general,theALRT m)iselevelsdecfea',ewidl di'_lance
from the ALRT guideway. The 24-hr/.,# decreases 15 dBA
from 20 ft to 320 ft distance from tile ALI_,'I' guid¢_ay,

3. Even though several factors inNuencing noise inlpact
(guideway geoFttelrics, housing structure diflerenlglls, socio-
ecnnomic and demographic differentials of respondents) were
notstudied indetail, the analysesindicate that tile relationship
between ALR'r noise and distance from the guidt:way ill tile
study area issemih)garithmic.For this parlietdur study, the
relationship is:

Noise = 79.99 - 12.25 log(Distance in h)

4, It is possible to define zon¢_ of high impact _vhcre the
noise levelsare expected to exceed conlnlUnity ¢flvirnllmefllal

slalldards.

5. Within the zones of high impact (24-hr L, o > _S dBA).
tile perceived noise levels are consislent with tile [neasnred
noise levels,

6. Within the zones of 10w impact [24-hr L, v < _5 dBA).
I i_ t, .._ *,,.,c) IN ), t_ _=.)c);dd_J tile perceivednoise levels aresuhstantiillly higher l[lan rnea-

sured noise levels. This perception is mote pronounced in
FIGURE 6 Zones of Imp=el based on adjusted 24-hr L,_, larger households.

PLANNING IMIq.ICATIONS

neighborhood noise and one single factor liked or disliked in
the neighborhood, In the zone of low impact, however, a Unlike the mandatory requirements in the United States
negative altnhnl¢ associated with itnegative response to future regarding environmental impact statements, information dis-
ALRT noise was traffic noise (26 percent}, semirlation and public participation, th¢ transit ;mthorities in

In the zone of low impact, those having a negative attitude British Columbia are not required to publish environmental
toward the ALRT'scffect on future neighborhood noise levels impact statements. Furtherrllore. the B.C. Transit Act states
also hada negative outlook toward its effect on neighborhood that neither B,C. Transit nor the Province of British Columbgl
character(0.2244. Sig .001). Furthermore, those anticipating is legally obligated In compensate the residents, so long its
highernoise levels noted a problem of noisyneighbours (U,175f). their property wasnot acquired by expropriation or otherwise,
Sig ,(H)3). In the case of Vancouver's ALRT. B.C, Transit decided that
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•ore to 2P_ 2d-_ou_ L eq t_an the ALRT _s_-by,

Jl will rial ac¢luiru tit cxpr¢_pri_l¢ any Ilrcll_Crlics lh;ll ;Ire roll This research has c_l;llllishud fll;ll there ;ir_* zollc_ ¢11"high

wilhin Ihc ri_hl of w_y..N_ill_r wcru any .ioi_c mili_ali_)n imp;rot adjaccnl Io Ih_ ALLOT _uidcw;Jy _hcr_ _]l_J_ I¢_1_

Izlea_ur¢_ undcTlakcn. FIJrlllu_'m_re. "lhu I].C. Tr;irl_il A¢I u_;c_cd accepted ¢(_lnlllUnJlV _lallcl_Jrd_. _llhc)ll_h _Llrlll_r

pi-Ol_Cl$ 1J1¢ j_o_.crllmunl I_rorrl ¢];iiTrl_ l)f injclrJOlJ_. ;l((¢_:litlll rv_._ r¢ s cc_;_;a . l_ c¢ Jl_ I¢ ¢]¢_1r])' []lU _:Xl_lll _1_i1_11_;1¢i

Sorn_ _o_'_rnlncrllal a_unci_ ;l_'c rcc_nizJl]g lh¢ I_1¢1Ih;ll app_;ir I_ bu wafranl_l.

z_u_lliv_ cnvironm_'nlal impa¢ls Ita_'c ncl_al_'c inlpaCl_ _n The _xl_nl af ihc hi_h-inIp_Lcl zL_nc d_'p_nd_ UllL_n _¢_.

prc)pcrl)'vllJuc_ TIl¢l]r _ COllmh:_s_nlenlt_.Ultlt)rily. rile ric_. _lld,s_.¢onmullJlvcxpo.._lrUh)llC)J_¢alldlJl¢_ocfa-

which _lablishcs Ih_ b;_s_ valuc_ af r_¢l _l_lu primps'fly far _c_,emic characl_ri_li¢_ c)f lhe r_dcnl_. In Ih_ h)w.imp;l¢l

laxalion purJp_¢_, d_¢[d_d in 1_;_7 Io _ducc lhc p_t)¢rl:, r zc_n_ wfa:r_ Ih_ nc)[_c p_'r¢_plic_s ;lr_ cxa#._ralcd, il i_ i]¢¢-

waylhrou._hout lllcrtl_lropc_litanar_a. Th_s_r_du¢tiaJl_ ran_d ill wl_ich ¢Jlizt:ns call I_arn. under.land and ;ippr_¢i;ll_ iI1_'

l'rom I_ p_rcenl I_ 21) pcrcun! of IJl_ Iolal vaJu_. Thu Oml_ud_- noi_c_ rnca_urcmunls and _l_ll_c_d_ u_ud.

man of l]rilish C_lumbia. al_poJntud by Ihc Lc_i_lalur_. is an Th_ run.arch IJndin_ can I_e u_d _r lbr.:c:l_lir]_ Ih¢

independent guardian of Ih_ pul_lJ_ lrusl. Tile _mbucl_man in cxlcnl o1 Ih_ hi_h-impa¢l ._ncl Iow.imp;l¢l ll_J_ zo.c_ 1"h¢).

ii r¢curll sludy oi Ih¢ n_;lliVu cnvironm_nlal jnlp;lcls o1 lh_ inusl, l'¢our c. b_: ii od cd b'.. Iiirll _r r_.:;irch n_ltldJn_ _l

ALRT Jl_s recomn_cnd_d lh_ll IJl¢ L_owrnrllcnl camp_,s;ll_ dJscr_nli,;irll _llt_lJysi_ _f alJlur _¢_nl_l_Jc. (_l_¢r_llfanal. Ic)p_.

affcclcd propcl'ly owncr_ (21)). _raphJcal faclors _md perccplfan rul;_l_d v;id_thl_. S._'¢¢_f_JI



Ill'lll]rl_.l_r iJl_ll,_ll'[,l'llll

Ir_m_portation planning _md implcmcnl;[tioll depend oll tile liEI:EI{I'NCE_

pllll]n_r's unll_rst_nding Ih_ citizcn_ _nd lh_ir ¢o11¢¢1n_._Lnd
r_pccliil_ Ioll_olCrRi _iwJTorlm_nl;LI qu._lily. I. I_¢L_u_,¸ C Ihcri_ Id CL_ll;p_Ln_'.R_'pIJrllmlhv(_rvfllvrV "tlc_ln'_r

'VancL)uv_r.IIC.. Can;ida. I_J_t4.
_, L JL'R.%'i_#l1_/7/_-_/_,Grc;t(IJr_;_n¢[It_¢l RcL_i_)II_LIDi_[/ict.

•L '_Vhcrc'_R_pid T_'an iI N_ ¸'_(]_ m_'rl_' R_l'_w_'.V_II._. N_.._.
_PII pp, 14-1_,

v_r_ily of Rrili_.h CoJumbia condu¢lcd Ih_ _urvcy_ _nd nlli_ ,[ _'_nmll_'_'_ t LRT ._'stwn, C_nlcr f_r _l_Jm._n_;_lllcnl_nl_.

would IlOl h_wc b_¢n ulld_r_:t_l_. A_i_ILIII¢_ _tnd 'v_lu_bl_ 6. Rf)_xd_llldRrlilNoi_: E[]'l'_l.__ltl II_r_ill_. C_Liliidi_Ml_rl_l_c and

cOlilm_lll_ by _cn Bq_'rori o_ B_rl'on _lnd A_._.oci_tlc_;,Nick 7. CrJItl_trlltlill',_rr_i_.U.S. En_iroll111_nl_]Prol¢Cli_lllA_:l_¢y. ILJ72.
Losi_o of Ihc Cily of V_ncou'_¢r. _nd H_nry Ht_hlow_r _md _, JD,N. _.1_'t.Cri_ri'_ and Limil_ f_)rW_.,_id_N_li_ Ir_m "rr_Li_L_.

_r_l_fully _¢knowl_d_d. _. C. E. ll_nson, Noi_ Ch_lcri_lic_ uf Ah_rn_liv¢ Urh_n 'l'r_,_il
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,llhi_;_,Jn. (W A. Rcdl cd.). Am_ri_l_ _l_¢i_ly _tļ Civil Eiigl- thl* I_J_! L,l_c' r_'_Jtnnl,'r_'_l I_rh'¢. [],C, I'r_ll_il, V_ln_l_lv_,
n_r_. N_ ¸ Y_lrk, N.Y., I_,S_. I_.C,. C_n_d;_, 1_3.

I(I, D, A. '1_1_¢r_, N_,i_, Im/,,ic't h_l _?mlr_̧ i,f _ler_le_l Strr,'tJte,'_ in [7. ImlJlt_'tSlall'nt_'_llt_"ALI_T AIml_ Ih¢ _t_t I._l_r; _JI ( _mmer_ i_l/
U._, L_h_l_r I_,li_ I_,_lml _,ln_tt Sl'_t,'sll_. U._. Dcp_rlmcnl L_I̧ I)_L'¢ I_l,ltlnh_ fi_r the C_J_l_t_tlrl_i_"it_l_lI_lq_id l_J_t_lt, I'_1_'Cil! ¸
['r_dl_r_rt_Lli_ll. _'_rllhri_tg_, _1;1_,, _¢[1I. [l_ll, L_I̧Van¢_llwur, V;III¢_IU_¢_". [_,C,, Can:ida. Al_g [_

31. D, Arp[¢_._lrd, Li_'lthl_, Str_,l,t_, Uni_¢r_il_ _ff C_llil_lrnia Pr¢_, ],_. RC_lL_tcand[].'rhL_ln_lln(¢d_,).E_l_ln,',_tlv_'r._'_hh_J_r_tM_
I_k¢lcy, Cal., I_,s I. SIrldy, 'r11¢City _ffV:mc_u_ _r. V:ln_lu_ _r. I_,C.. C_LII_d_,_¢pI,

I'_l_l_rl_lttJt,ntl_lImlJtlct iq¸ I_rl_l_" ._ll_l_ _ll_l_t_tlllnl _r_#'c_l. ]_, [k_rrllll_llld i'_ll¢ial¢_. I_ll¢_,_rl_l_ul ._Jil¢ Lr_lul_ Itl Ihl" IIrl_ll,I-
NLItub_lL_k:_I-_ ()f_i¢¢ LifEi]_ir_lllnurll _lnd_;11¢1y, U ,_, Dcp_lrl- _ll_ , ,_ll_li_m,,l_t, UIiputl]i_hcd _11i_11¢_1._¢11 ]_lr_111;Liid A_.

I_. T, J, ._¢huhz, _J_ll_rlIJ_ ¸ _l_' I_ltin_, Aj_lllicd _i¢n¢_' I_L_- _(I, Omhulkmall _lf1]ritish Columbia Skl'Tnlhl/_,*/_r_ [_Ll[l[i¢[_.ull_rt
[i_h_. L_lndLIIhEngkllld, I_t_._, NLI.8. _Ll¢¢lt'_ [_i111¢r. _i_t_lrJ_L,[_,C,. _'_Lnada. [_7,

14, J. (_L_ld_l_i_, D¢_rip[_lr_ L_ AudiI_ry _l;l_ilud¢ :_11__l_l]l,_d_
_lfR;lling C_lll111_illilyN_fi_¢. _pu¢ial I¢¢hlli¢_d _t_l_li¢;lliLlllI_.
C_Jmn_l_tti/y,Vr_i_l'._rllcri¢_lll _L1¢i¢1_̧I¢1_"[_lin_ _lnd M;Lluri_ll_.
IIhilad¢lph kI. I_,

G_¢_III]ril:lhl. hls,'r.,_i_¢ (W, W, L_n_. cd.). Inlcrprcs_. L_ln. I_ll_li¢_li_Jlrl_'thisp_l_r_l,un_ure, lIJy (_lmnitt¢_' ull 7_m_l_Ortlm,_l.
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Noise Investigation of the
Pennsylvania Turnpike Widening
JAMES J. SCHUSTER AND MICHAEL K. WONG

TheL'xb,t[ngI'.ur.laneDelawareItl'*er E_,len_hmcd'll]e P¢.ns)l. provide fi_r the .,afe and elficienl Ilu_ td tr;dlic tlO_ and ht
'.alda ']'urnplk_reachingrrotll Vulle.vF.rge Io Ihe I)ela_are _ti_er lh¢_future, relle'*hlg the ¢onge_lhul prllhlcnl.
lra_er_t'_tile mast d_t,hlpt+drt,_i0nin lh_ _tatz,,Tile llet cffcet iiI'
Rro_lh o_¢r 3A._ears is ¢(mge_lJolland Iraffl¢+gL'01erati'd noI_. AI
prwenh the lurnpikeh a four.laae,cunlrldled.a¢cess hlgll_ay _lftl NOI gP:S']'UI)Y-- IgEFOr E
lg.fl _hoolder_alongIts lenglh anLIu ](I-I_melllnnwJibguidevail.

The project dL_¢rlhedin this paper invoivet the instalJafl.n .f Purpose
e_:lell_i'*renlll_e _all hllrrlersand [he _hlenbld of Ihe turnpike to
_IxlalteS. A Iolal I)[ 57 nal_" r¢¢epIor ImInls_ere anal)z_.'d,rJ'he
2006 design yearL,+noise lewI [(irthe md_le_lhour af ca_h rrcep- T e purpose el t his _tudy is to in_e_dgat ¢ and descril+_,exi_d ng
hit _a_ prl_diclL'dhy mean_ 01"Ihe calihrut_dS'f'A.MINA 2,01 and l'llttlre nlli_e ]e_,clstill I)oth tile Penn_yhraniaTIIrnpike

• OI_+IMAcompuler program, "fid_provided the indbhlual ,else and hl_;llroads in the vicinit) nf the study _cctinn,
¢ n r ul on or e )_rl _. va Turnpike+_aro :_arterlulsaltd U Ide Ibu scopet) this study ;i b e noi_econdith)n_are
Ioculroads, and the hlRarllhnd¢ addition iif all roalh_a:*mli_eto d_:scrib_:d,inelLidhlg recent noise measurcnlents eftthe com.gr[nld_ a heal ,loirelevel Ul e,chrL'ceplorsite,An inspectionof
the data )'ieldedthe folh)_lng: th_prL'dleledit.he le_el_excerd_d munides adjacent to tile P_nn_ylvania Tllrnpik_:,nd _arit>ti_
estahll_bednoheahalementcrJlerlaat 16 _it_._,alld mdseInill- local road_,Nt)i_e impacls areanalyzed "orholh Ih_ _xi_ting
RationIll the rorlnof Ind++eharrier ,._alh,"_a_,required+The[oca. ;tAdpredicted (design)ear _(lllh) COllditinns+I:roln thi_ an;d-
tlun, dilnen_iJnsandclJ_tof tile Iplrrler_ ++eredeterminedalong y_isnoisemitigation rccomlnendath)n_urn:de_:loped. ]'here
V*llhIbe predJced r_'dueon Had noise e_e*_ _,naft_r_lud)' wa_ reconlnlcndatJons are r_;lduafter integralinn ofge_nnelri_ design
later completed Ihul compared urinal _,llh predicted alld _:xi_ling svith design ilptimizatinn and _alue engincerhlg, in_tdvenlenl
noi_e levels, Tile decre_ ral;gedfrom 2.9 dgA to 13,0dltA. of (lie conlmunily+ and coordinalion with th_ design el adia-

Th_ existing fottr-lanu Delaware River Extension (1.276] at cent sections.
the Pennsylv;miaTurnpike reachingf'ram Valley Forge to the
Delaware River traverses th_ most developed region in Ihe M_lhudulng)'
stale, Since the opclfing of thh; section of the lurnpik¢ in
1954, heavy residential contmcrcial and office dcveh_pment The cxisling noise results were obtained I_y field measure-
has taken place zdong this corridor, The net effect of this meals and de crminafion of cprese v¢ levels by ;uudogy
growlh is thai congestion is cnnlolon along this section of the wilh similar sites (3.4), Predicted noise results wet_ ohtaim:d
turnpike, by computer modeling of traffic, geont_t ryand site condilion_.

The Pennsylvania Turnpike Commission complelud the )rcdclnnofthe2lio6(thed_signvenr)noiselevelsthatwould
widening to six lanc_ of certain suction_ of the Penns_,'ivania result from the widening el Ih¢ Pcnns.',,IvaniaTurnpike was
Turnpike on land it ready ox_ned (12). Tile design con- made by means of a noh,e program ba_ud on the mefllod_
straim of no new right of way applied to all constr_cfion dutai[edinlhe FcderalllighwayAdntinislralionreporl+FJlWA.
¢lcmenls including noise barrier placement. TIle westernmost RD-??+I(IS.FHWA [I gll"ra.' Traffic Noi_ '/%,dictirm ._h_deL'
section is the subject of this repu_t,Tile project site is located tligh.'l(_, Noixe (5). The FIIWA's computer prngrant, S'FAM-
in N on gomcrv County betwe¢ll the communities of Cold fNA .,0 (_lnacronym for Standard Method in Noise Analysis.
Point and Fort Washington. Financing for Iile conslruclion is version 2.0). which is in concerl with Federal-Aid Ilighway
from lh_ tolls generated by the conlmJssioll, which is not Program Manual, Volume 7. Chapter 7, Se¢lion 3 (FIIPM
required to conform to th_ var[nus design standards of (h_ 7-?-3) of the:Federal Ilighway Adminis(ralion. U.S, Depart-
Pennsylvania D_partmcnt of Transportation. mufti of TranspartatiorL was run an an IBM Complltcr 31181

The turnpJk_ was a fourdane, contrnll=d.ac¢cs_ highway and included a[[ necessary adju_mlents relating to distance,
wilh 10-fl f3,1)5-m) shoulders along ils length and a III-ft gradi_:nt,highways_clionchar;_ctcristi_s, verlicalhetghL flow
(3,05-m) median widt guide rail, Widening o[ this _ection of conditions, ground and shielding effecls, and height adjust-
Ih¢ turnpike to six lanes win] 12-ft (3.66+m) usable :,boulders meals for r_:ceivcrs, aulos and truck_ (+5,7)+
and a lo-ft (3.05.m) maximum, 4.it (1.22.m) ndnimum m_dian
wilh concrete barrier along the center of die median would

Traffic

J. J, Schuster,Deparlmenlof CivilEngineering. Villanova Univer-
sity, Villanova,Pa, i911_5.M. K. W0nd. ValleyForge L;iboratoric_. Turnpike Iraflic is tile principal source of naise in file cam+
inc., Devon, Pa, 19333. munLly,The existing peak hour one.directional ttalfi¢ volume
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_m tilts turnpike seetiml is i_iIJ¢]])",eillcles dlstrlhnted 4wet iwll hy Ii in. 13.7 m hy 1.2 ,n hy tt. 15 ml _ich a densil} ,_1 15fl Ih,,
lalles, [:ield noise iIiu;t_*nr¢_lllenth ;ind 24-hnur truck ¢las_iti- fl _ i241111keenlY},

L'_IIicln ciinrn_, dldicaled thln 1i1¢$rlllis/_.l [ilne lie rigid _a'* het_¢¢ff Tile kn_ll predicted 21Jllt_th:'dgll _*e;ir rl_lJ'_elcl el'. al I n retell-

S:Ill) p,lll, lind 5;11(Ii1,111.;ind th;ll tile traffic during dlJs tinu_ [(it siles Jlldieat¢ th I_ need filr iitlti_alitlrl I11L_IMI[C%,._'ili',¢ in
dol_, illn i';ir_, h¢c_Luseof lhe c(In*,iM¢ltt n_llLire Ill" Ihe C_1111- I,_ ol (h_ *dl_s _*_Lnhe elfectkely Illiti_llled thlongh [he U_L'411

nlLller %tl_k.l_l*htnll_.' trip. _inluJt;meon,, reetlrding ol trallJ¢ noise harrier _aJJs, The ilcli,,e _LIone site ¢_irl hi/ iiiJtig;ited

_tnd iiois¢ J¢_.t..J__as. Ih¢lel_)rc. ii(n considered rlc¢l.*_,;iry, thrnlIgh _l el_111[_infflitlne;Irth hernl, nnis_.,wall deqgll.
This c';isting '..flnnle exceeds lil_t Le_,.'l of Service (I.Og) C A descr/ption of the lufi_¢ h_rrier h_c_lti_lrlsaim r11JJ*.eiint-

ser'*'Jce VllhJnle_ ;icciIrdillg It1 the II(_hlvl O' ('alllU'ilv ,_[llllldlll. Jg;nitln wfl_..clJ_elleSSf_lJh)l_,.. Delerlllhl_tlJ_)n (if actual cn_l_
;lad hldJ¢itles t_j_erltlitln ;n an tln;l¢Cl2]lt;dll¢ I)e_lk Julur Jewel wa_*not D_ssihle I_¢cun_e _f the C(llltr;lClllF's Jlid price; hlll_-

_l" service'. At this '+OILIInc. I[le turnpike iva,. nller;iting at L()S ¢_er. I]1e _._linl;n_ i_as allllr*),dlnalel_ _251l: (S2hcJin: l,

J_"J_e¢;llJ_eIJ1¢ t.oJtnne [0 capacity ( i%('1 rnlh) _lS etlnlplll_%[
;It It._)N nl LOS E. Theruh_r,:, tile i_r_lllOsed i_idenillg Io ',ix

lanes w_ls needed tn inlpro_¢ Ih¢ level of _cnice. Lol'alh_lt .'1

Tile peat; h¢)ur tlrle-dJr¢ct[OlUd tratfi¢ vohnne hi 211lib. Ihe
design year. i_ eStillUtled t_ he 3.43(t _ehicle_, I_;ecanse tJli_ This harrier _ill iim_id¢ noise prntecfi_m I'_ I_'¢¢phn" _it¢_

prnjected _(llnme is los*. th_ln the I_¢vel _)l"Service C ,,er_ic¢ hleated on the sIIlltll side ol Ihc turnldke. The propt_ed i_all

_()lunte. the pr_posed widening eft Ihis turnpike sectit_lt tn will h_ 14 I't (4.2? m) high and _ill Im_id¢ al lea_l a 3.:;-dBA
Ihree J[Ine_ hi _;leh direction _'.iJ]provide an _lde¢lnHtl_ L¢leJ redtlClJOn (o Ihe ;llfected [eeephlrs.

_f Serqee fl_r tile de:den year 2tlltt_ traffic condifi_.l*,.

Lol'llliotl 11

PredlclelJ N_)ise I.e_el_ _nd Illlp_ts This ]4.ft (4.27.ml noise i_;dl, lOt:neLl almlg the north ,idc

t_l tile tulnpik¢ nnd spalnling a turnl_ike bridge slrU¢lure. _ill

A t_)taJ _11".']7 receptor points includin_ 1;_inmlit¢)ring _ites. pnwid¢ noise shielding _ll tile north _Jde of the turnpike. ]'lie
25 analysis points and 14 sappleltlentary _uud_sis ptdnls v._:r_ h.4-dBA rednetiorl _ill hring tile _rojected noise 1,:_¢1 nnd,:r

devised and identified, tile Pennsyl'.ania Turnpike C_mmli,,,,i*m'_ h_.SidllA i1_1i_¢level
Tile design yetar L,.v noise Je*.¢Jol e_lch rceeptt_f was pro- erii,..ritm.

dieted hy meam. of tile calihralcd STAMINA 241 compuler

pro,2ram. Calihr;_tion was ,chi¢'.ed by COml_aring eXisling field

I1(_J_",_nl_[lsu[eJll_lllS _iih predicted noise I¢_e[s. u_ing exh.ling Lol,llli(lll C
Iraffic and nlodel input pal'anleler_t. T_lhLihl_ '*'aJilcS it'lr IJlc

no sies hour '. old the individual mfise ¢ontribuBons ,.ff the rhi_, ntd*.e wall _-ill he 1 .tHItl f113tl5 I _r g : _i I ct_ ,,i',t

Pennsylvallin Turnpike. varitlLlS arleriaBilnd h)¢a] r41;ids, _nld t)f a iltlise wall _ln earth hl_rnl ¢esJg _ h a 41 he _ _11
tile Iog;_rithmic addition of all _ondway nob_: m pmvid,: n I_ B 15,4_) nil, The m_ise harrier _ill I_e ',itnuled on the

tozal noise level ul each r,-'eeptor site. An ilv,peetit_n of Ille t.otnh side tff Ihe turnpike. N_fi,,e ruhigatMn will he n._ dBA.

d_mt yidth, the ft;ilm_ing ohservatiems: thu'; hringing the receptt_rs under the (15._.di]A nnise level
eriterinn.

I. There i'; a ir'ta×(mum inereuse _ff I),7 dBA in L,,, hemeen
Ihe _xisting and design )ear conditions al two sile_, Tile ;_ver-

_ge increase ix 0.4 dBA nl a disttmee cff 3ltg fl (_11 m) from Lorath,r D
the near lane of the lurnlgk_.

2. For i6 sites the noise level during the noisiest imur lor This noise mitigati_,l _all. 75U fl (22_) in l Mng and I I_ h_ I_

the 2Ol)6design year meets c.r exceeds the Pennsylwnlia Turn- fl (4._ to 5.49 nl) high. _dll b_.. situated along tile lumh qde
pike Commissicm Noise Abatenlenl Criteria, which specify of tile turnpike. Tile noise reduction _ill he 4._) dBA.
65,5 dBA. Tile highest level is 71.4 dBA, an increase t_l tt..l

dBA from the exisling 71,O-dBA noise level. This level is

attributable mainly to tile elewlted posititm of this receptor Local(rot I"-
above the lumpike and tire lack tff natund stared proteetit_n

from the turnpike noise. "the prnp_st..d nois_ wall ;n tll_ h_eati_n. 3.1,1tU tt (Itl¢ltl nil

long and 8 It) 18 (_ (2.44 U) 5.4*J Ill) high. will pro_itle ndti.
gation In ti_e cc,mmunily_outh of tiler turnpike, l:*_r all reeep-

MlllKation Measures tors affected, ti_e predictednai_.e will be reduced t_ a le_ ¢1
below tile fi5.5 dBA criteri_n.

Because of tile limited right of wt_y along tile Pennsylvania

Turnpike. one mitigation measure, noise hi_rrier wails, ix most

effective for this project. Thrtlugh consideration of tile views Loettlhltl F
expressed by the eammunity, the needs of tile turnpike main-

tenance policy and aesthetics, a system of precast concrete This nnise abatement stnjctnre. 1.7611 fl (536 nit hlng and

planks with exposed aggregale surfaces set bet_een posls wzls 14 In 16 fl (4.27 to 4.g8 nil high. is Itleated along the north
selected. The planks were approximately i2 B 3 in. by 4 fl _ide of the turnpike. All projected ilnise levels ;it tile aBe¢Ied
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communities will he reduced m a level h¢lmv the (6.5 criteri_mnf 65.5 dBA. Only tree _econdary _ile indicate_a
eriterion, mfisic_thuur nt)ist.,exposureof h6,"_dRA. 'Tbis i_,attdbntahle

to Ihc site'schlse proxir|lity tn a local mad.

Lol'lllioll (J
CONCLUSIONS

*rh_prtlpo_ednoisentiligutblnwailatlhi_k_rafionwill_bield
receptor_itcsallddleconunlnlitylot;liednilrthtfflh¢Iurn- The IIledtnd_*dnlph)yed in ;llllbienlll(lis_nlonitorillg,predic-
pike,Thb,_3ff-lt,(2_onl)hln_and [tt,fl-(3,(iS-in)bighhurriur tJon,and111i1J_alion designillthefi)rlllit1"lltli_waifsappear
*wallwi[IreducethellOiS¢hllld_c41nlnltlrI[lyIoa levelb_'Iow tobe reasortaHyaccurzlle,;i_d_mnrt_tr;itedby u snb_,_qLlerlt
thu h5.5 dB,", criterion, noise '_urificutillnstudy hdln_ing ct_nstructhln.Tlfi_ prnjecl

inv_dvednnise inlpuctscreeled by a Iligb-_pe_d, Idgb._o]t_llt_*

roadway,
Nt')ISB s'ruI)Y--A_q'ER

Pllrpo_e ACKNOWLI_DGMENT

A noise study was und_rtak¢ll uficr the turnpike widening "l'hestudyanddcsigrto[IhePe, rlsylvaniaTurnpikeWidening
proj¢ct,includingtbedescribcdmfisewalls, tovcril_vthenoise Project w'a,.spam,ored hy the Pennsylv;miaTurnpike Com-
levds predicted before mn_lruction. This ¢a_kwa_prompled mi_ion Ihrough a ccmtractwilh the consulting _ngincering
by r_questsof Iboseproperty i_wners_',ltt_iver¢ n_ltaflCcled lirlltS of [|ucbzlrt-llorn, lnc., ytlrk, Pa,, and V;lllu) F¢ffg¢
_y the mJtiga[ion nleu_ure_and dc_dred;in c'_ten:donol die [.zlboralt_lJe%loG., Devon, Pa,
newly construcled mfise harriers.

IeEFERI.;NCE_
Methodology

t. C'onlpollleTe¢/r_d¢_//luli_ Rcpw'h,Ihmlgoulcry('lJtull_,Perth.
Nois_ mollit()fing W_I_t'ondtlct_lJill 2(l noise 5iresin Ihe same _ latfhlTI rnpJkeS "1_et¢W I' big P_'oJ*el .IL _. t._4. o $I.I_..t37.._.I_¢llr=_ytvz_l_i;lTulllllik¢ C_imlni_hln.CommoIP_ddl tH
vicinity of the PennsylvaniaTurnpike previously described. Pclln_yhallia.t_.
These noise sites included 8 primary sites aml 12 _ecnndary 2. Tra/J'iclT_am?u_r_alionIhl_l_Rcpart..tlmllg,mery CntmO.I_'m_.
sites.Tile primary sitesare residencesof tllose 'a.Jll_Ilzw¢."Meal _.l'haniuTurnpikeS_ LizneWidctlhlg/*fOlder.M. P..t3.1.I to gLP.
complaintsand the 12gecondarysit_s were¢llO_.ensothai the .t37.,;t,Pe_ln_ylvaniuTurnpikeCornmis_itm.Cummun_¢allh_l

P_nns)h'ani_t.19_5,
65,5-dBA _LJ noisecontour could he eslablished on b_lll 3. /l.ff ,.' Yd_ ': .It_a_m'mem,simu/athm.rid ,ffi_¢d/te.an.m
sides _f tile studyseetlon as _=result _f the field monitl)ring. N_danalG_peralivelli_hwayRe,arch Pm_r;lmRel_)rl7_,IIRB*

The noise monitoring proccdure:_and techniquesconfl_rm Nati(m_lRc_e:_rchCuuncd.Wa_ldnglon.D.C.. 19fi_L
to the guidelines detailed in the FIIWA Repart, Sound Pro. 4. Fundame_hd_dadAhatement i_fllig,hway Tra_J_eA'o_e,Office_lf

Envirunnlc¢llalP¢dicy,FIIWA. U.S. Dcparlmenlof "l'ra_t_rlu-
¢edurcsJ'or ,tleasIlring //ighway ,Vofse:Finlll Report (FHWA- li_s. I_Y/L
DP.45-IR), and were conducted again during the noisiest thne 5. Flllt;4lhghwayTnl.f[ic,Voi_eP_rdietiun.tl.de/,'lhghway,Vinle.
period betweep3:l_l p.m. and 5:tit)p.m, (8). A type I Bruel FlIWA-RD.77-tIt8.FIIWA. U._, Deparlmentof Transp¢_rlali_)n.
and Kjaer Integrating Noise Meter (Model 2231)1and Calf- l,gT_,
brator (Model 423(I) were used, Both the nt_is¢ meter and 6. Feder_d.AidIhghwey Program ,tlmtual. Vol, 7, Chap. ?,S¢c. 3.

Transmiltal192. FIIWA. U.S. Departrm:ntof Transportation.
calibrator were hlclory eulibrated before the field monitoring, 1976.

7. None flatrierCo_/Redu¢lionPtoredur_STAAIINA 2,HiOpT/,IIA:
I_wr's Mammal,FHWA-DP.SH-t. FHWA. U,S. Departmt:nl of

Results "l'ranspllrtation.t982,
_. Somld Pmcedur¢¢[or Measuring/hghway Nurse. Final Rep¢_rt,

FHWA.DP-45-1R. FHWA, U,S. Deparlm,:atof Transportadom
The nnise monitoring results reveal a decrease in noise le_el Region t_, Arttllglon. Vm. teJgl,
after Ibe inst;dlution of noise walls.The decrease ranges from
2.9 dBA to 13.UdBA and closely matches tile predicted levels,
adjusted for current traffic, heh_re tbe installation of the
h;=rrier_.

None of tile noise levels ;it the eigbl primary sites exceed Puhlil'olltmn[tht_pttpet lpuli_oredby Committee im Tra/l_l_ortathm.
the Pennsylvania Turnpike Commission's noise abatement RelatedN_fie mid Vlbratinn.
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Airport Air Pollutant Inventories:
Pitfalls and Tools

ROGE]_L. WAYSON AND WILLIAM _OWLI]y

Thh Ilal)er pre**t*nlsn de*.¢riplimt of cmttmcHI ilrohk'm.*(idfl'a]b.I The cmi-.sioll dl_enlory rna_ be ,.utlicicnl (o stib'_¢_fl_date
mid llldr solutlotls lllal occur durill_ _ts**e'_MllCnli)1'tol_ll =dr Ilol- tll;tl tller¢ i_ill be iio _i_llille;inl ilnl_;tct. A¢_tlrdhlgiy. In;n1?
hll_nlt It3adfrom Idrllor i ot)er_llh_ll_.Alaihlhle ¢olnl)uter h_olsarc uirl_ort air qu_lldy el_VirOnlll¢llt;d il,_s¢,*Mnenl,_inily nol retillire
hrlelly dlsc'u,.scd. I)is*:ussrd hi dr!all b* the tr.e a.d dewhqnnelll all inlp;icl mt_dysb*, tile ucxt step bcyoud the enli'_..ion in_en.
of a iltlcrt_eOlllllUt t*r sl)readshe¢l fi_rctmdllCthlg ._ll|clulll ¢lnl*_ion tory. AIIhtlu_h ;ul elld'¢_iolI ill_cnh_ry cunnt_t I1¢u_ed to dire¢lly

i. _¢lll0rle_=attd thL.tts¢ iJYtills '.0reud_h.:el_sa. effeethe phmaintl denlOll,dr_lte conlpliunce i_ith the NAAOS. the I_dcTal _*_ia-

totJl, lion AdlllhliMradon (FAA) requires the ilt**etlh_ry _t_ it firm

Airpurt_* ¢;111be u si_nificanl h)¢;ll ilir polhltion _.otlrce and :qep to det_rmhle whether di,,persioll modeling i'_needed (/I.

*dlotdd be included in any ioC;ll cnlis,,itln invenRiry, The AIs_l. emishion illventorics ;Ire tl'*ed to dcnlL)nMr;ite Cl_ll,*i'q-

retlldrcnlcr*ts I'*rotlglll aboul by State Ilnplenlentutiun (_l;tll'_ ¢ltcy with the SiP by "_ho_ing that the l_ltill pt_lhttam h_;id itlr
(SiPs) and _dcr;d env h'Olll_lellt al us_esMllellt,* ( ] I ilht) nl;ikc ;in ;drport _ill Iitlt exceed tile _unnunts (dlnlued _r ill the Sill

.2nds_*ionr¢i_ortillg ;i nccessit y, 'I_) plCp;Ir._ ;111erld_*sioiiilweu. A dirccl COll_pilri:_onof elldssinn ilwentorie_, presell! t_l In! tire.
Iory the air qu;dity ;_nuly_.l nluM hil_¢ ;idcquat¢ !!lois illld i_,;tb.o usually ;idcqtl_lte t_l cvuluat¢ file future _,¢ell;trio., Ior

nleth0ds to u¢¢t_mpli_h ;in ;l¢¢ur_tte. ¢onlprchensive _ludy. Ct)lllpliullCe with the SI( _;lltd the inlp;l¢l Ol_ !hi: Sll __ll hlture
Until r_¢¢ntiy, these tools alld Illetilt_doklgi¢'_ _er¢ con- seenilrio_., a_sttlning th;ll Ihe SiP doe?*not Cll;inge.

fined to A P-42 (2) and ;1scrles of indivkluul reports (3,4,5.e.L The inventory permils trend asses_nl_.nt of ;my proposed

Mobile snurecs accessing the airport required lurl]ler refer- proj¢¢l ill three db.thiet _;lys, First. the illVl'[llorv ¢fln bu ii,*_.d

ences Tile six major sou rct?type!;;it airlmrts (uircru ft, _upport to compare Itlture project ahernati_¢s, The r¢l;=fi_¢ n1¢rit ._ot
*¢elli¢]¢s. st;ffb:.nury sources, fueling opuratiOltS. !tJ¢]stor;tge, c;ich _:_n;trio. inehJdil_ rite ¢:dMing ¢I1_¢and the do-ltothiiig
and Illulor _'uhicJes) had I]O over,Ill doCulltenlulion or nlelh- ;dlurllativ¢, c;ln be ilsse_sed. _eCOlld. [he illverllL)Ty tilt1 I1¢

I)dology. This hus ]eL [o cerl;tin problem area,*, Accordillgly, used it) et)rnpilre !uture ernJssiorts to e_isting totals, k_ help

Ih¢ aLlthors' experiences showed 111;11evaluutiorl lroll1:lirporl an;dyle all'2 e!_c[** ()[ Pl;ffilled _]lallg_*' Third. a colilparb.onl
to uirparl varied greutly in nlet[lod _lnd ileCUriley. [[I ;iddilhm, of prnject ,.:nd_sion!, to tile tectalcourtly,, invelltory curt be nlade.

outdak'd ¢nllssion !a¢lors arid in¢orreclly estimuted limes-ill. Thi_ ])ermil_, Jut its_¢s_,nlcnl of tile rehlliOll ltclwc_ll die pro-
nlode led to i_uct_tlrUl¢ analysis, posed project and tllhcr lll;ljl)r _tlurces in lJte ilre;l, a t.er_

This puper will report on tile us_ of u microcumputtr us¢lul pkmninlg fool

sprendslleel as ;in effecli;'e fool ;uld provide melhodulogics _'_ir[iL1rl st)ltrce_ lllily lie scpilrulcd inlo six dJ_lhlel group..:
to help Ihe airport and air-qualily analysts to u_okl "f;llling (a) uircru!u (b) grOtllld support equipnlcnt: [c) _t;/lionary

into tile common pitfulls" associuled with airpnrl uir p,llulum source_ (i.e.. boilers, heuting planls, ele.): (d) nlotor whicles:
emission inventories, (e) It=el slorage: ;rod. (f) I'ueling operutimls, Mo_t I;=rge air-

ports will have all of file six groups listed abo_e. Statitnulry

sources do llOl ¢XiSl al all uirports.Jlo_vever, ;Ind some airport_

TILE; EMISSION INVENTORY CONCI';Iq' may have other t)pes o! sources. Therefore, care _hould he
klkcn to identi!y all sources ;R thu Marl oi the evuhlalion.

The inventory of emi_ions permits a review of the total amount
of pollutants emitted from a facility for a particular unit of COMMON PITFALI,S

lime, To be consistent with local methodologies, usually tile

number of tons per year for most of tile "criteriu" poIlul;tlllS Associaled wilh e;Ich ol Ills six source are;l_, ;_re problclns or
listedintheNationulAn'=bientAirOuulityStandards(NAAOS) "pitfnlls" that the air quality Ult;d_st must o_ercom¢. The
are reported. These criteria pollul;mls include carhun mon. following discussions, for each source, are methodologie_ thai

oxide, nilrosen oxides, sulfur oxides, hydrocarbons, and par- may he used to overcome the common pitEflls.
ticuhlt¢ matter. Notably, this list excludes lead (entitled in

such small quantities from airport sources because of rite use
of low,lead or lead-free fuel Ihut the results may be considered A(rcrall

insignificant) and ozone (a secondary pollutant).
Large Contnlerclul Aircraft

Department of Civil and Envlronmvnnd Engineering. Vandvrbill DUIU nn the number of uircrafl operutions, aircraft type, and
University. Nashville, Tenn. 37235. runwny use must be uccurately knnwn. The collection t_f this



d;ll_l may hlv(d_u ¢OllSUllJn_ _,_ur;tl MILIrL'C_*,One i.'tnllpJi¢il/ hc ljll;intilietL The EPA IJ_l_ Cltli_Jl)ll [ll_lll[_i perIIhld¢. hit
lion Ih;ll nl;ly be _ncotlnlcTed i_ dl;ll ¢;1¢h airer;dl t)11¢ II1_1)' In;ely [yp¢_ el¸;lirL:r_d't ill il_ pIJhli¢;llh,II _t,]J-42 121,

be C¢luipped _i h _¢vcr;ll diIJerClll en_illc_, ;l_ordin_ Ii) _.cur UnlortUllillcly. AI)-42 Ii;1_,iiol h¢¢Ii upd;ncd l(ir ;lirer_ll

el¸ Ilt;inuf_l¢ILir_, r_lrol'itlilt_, ;roll ¢llMonler i_rcl'¢rcll¢c. II is _hleu FcbrlJary ICJ_lL _i:lCC d1_11lilne, nl;inul;l¢lll[Cl_ Ii;l_C
nol ;llll);_rell I which engi11¢ i_ ill II_C, ;llld II1_1 ibl[cll ;I review Inside lur_e _Iri(l¢_ hi prcldllehlg iiiLire cll]cierll, ¢lc;Inur ¢lt_illc_

of puhlishcd _ourees and di_¢u_illll_ whh Ihc ;_ircr;dl ntanu- To overcome Ihis dJflicuhy, the FAA _tull hi Wil_hingl_n

factllrer_. ;drlhlcs, airport, ;_lld 1heI:A _'__1r¢IcquJred h3dcler- Niehoh_s Krull AE_-31 (if(cr_ ass _l;ulcc I '¢ ilrovidillg rc_uhs
iiiJncell_in_' .p_'s L)rc _ re • i ¢. t,s t_po fronzun_ine¢crtifi_:;Lli_)ltlC_tJn_.Th¢_t;lllenl:(lllr;l_c_lhuu_c

for ciigirle tvp¢ for ,_¢h i _ldcl _)ļ ;lirer;_fl nl;w bc Iound Jn el ¸ Ihe_¢ I;iclors relic:re ;lllpropli;l[_. FAI'_ _crlili¢;ItiL_ll d_ll;i.
Ihe periodical, ..h'iUlirUl W_.rk ,iFd ._ll'_, 7_'dlllu/iJ_y 171, II ¸ however are oulv av;d ;_ble I_lr luc u_c lalc_ II_LIr_¢_rll_)llS.

_*tPee_;ll¢lt_illt!_ ;fie tl_cd h) ¸ ;lirlhlc_ fllr 11p_lrli¢lll;ir nlodcl iif curhlln illOlhlxidc _lnd nitlL]gCll o_;id¢_. ;1_ _¢11 ;1_,I _lnLik_
aircr;ifl. ¢lf(irt_ _huuld [_e made to lind l'_crc¢lll_l_¢S elf c;1¢h nund_cr, P;l_li¢llhllc _llltl _ullur ()xid¢ d;ll;i arc ii,)1 hlehlded.

cosine Itrpc. ]1' Ihi_ illl'llrlll;lli¢lll ¢;U_I_OIhc tlU_lntificd, [hc _ld(ur ¢)xid¢_*m_ly hi: c_lint;lled h_,c;_ll_ _ullur _lxid¢_ ¢lnJ_-

prcdonlinallt type shonld hc _c]¢_lcll. W]1¢:11nil nnc t!.pe dllnl, si(in_ lrl_lll ;iJrcfid'l ;1Tou _lir_'ct I'un¢li_l;i of Ihc _ulfur ¢onlenl

ill;ites, llleen_illetvilllth_re;lle_l_lllll)l_llt_lcnli_iLiiis_l_L)llld ¢_flhe fuel. Jet Illeli_ hi_hl.v rc ct ;ind c¢)nl;lin_vcry_nl_lll
bc a_**qlnlcd. [rl Ihi_ w;iv. th_ ;Ul;ll)'_i_i_,Cl)llSer_;lli_'e ulld III;i) ¸ urnollnl._ _t( stllfur. The inclh_)d Ll_cdh) ¸ Ih_ l_l_t_ in _.P-42 i_

o'¢¢rp[ediet, hut it01 ul_derpr_li¢l. _nli_,_.itlns, tl) inuIdply hlel tP,;l_C r;lle_ by IIIII)l ((I, I p¢_¢ellt) ILl d¢1¢_"
Sclc¢lh)lt _)f I I_ wrtlll_ en_ille Ivp¢ ¢;in loud io I;ir_c erro_ inhtc _1con_erV_lli=-¢ SO_ cnlission I';leh_r, Thi_ method nla} ¸

in the Clni_._.ion [ivcntory. "rhc conln_O1 I)C _) ;lirer;dl il[u_- h¢_ilsed l(_ :_upph:nlcnt iiic ¢crlili¢;llh)n dUl;l.

Irales Ihi_ point. Marly engine l_'pcs ;Ire possible I_lr thi_ air- P_lrtieul;lle enli_ion I';l¢lor_ ur¢ i1_I s_ c;Lsil), predicted. Par-
cr_lf (inl:ltlding lhc _tr¢lch de_,i_n,DC'_)-_(I. Cl)llllnOlllY re fcrrcd licuhlle _'111_sJ(lllS;trt: nl)l only ;I IIIn¢liOll el ¸ II1¢1 t_l_¢ hul ;ihLi

If) a_ Ihe MDS[)). T;Iblc I _h_nvsIhc cnli_i_[ts, by nlod¢, hlr _l" engine clfi¢iency, nlc_d¢, and conlbu_lioll ch;imher d¢_J_n.

* four ¢0nllll(irl cn_ille types tl_¢d in die DC9 _¢dcs. A re'view P_lrlieulute ¢_lli_.i_llls ur¢ Ihu_ vcr_' dilfi_:uh Ii_qU;Ullily wilh-
of thi_ I;ibl¢ shows the I_lr_e diffcr¢llee_ Ih_ll ill;i), occur irl o111cxtc s _e tell ntL A_ a l'irh ;111Po_illlLiIhln _.P-4._ _._1tt¢_

estiltl;Ititln_ (rein the _-';IrJou__ngin¢ lypc_, Fllr cxantplc, for ill;i), he u_cd/or _igli[;ir _'ll_hlc I}pc_ wilh _inlihtr _,lllOkcnuln-
the ¢ftl¢ia] idle nlod_ ;ll ;lirporl_, NO_ could he ovcrc_tilnuled bcr_ wI _'ri i till'. ¢_rlil ¢; ion d;ll;l _lrc ;l_';li[ilhlc.

by ;i f;letor of ._._ if the oldc_ JTgD.7 erl_!il_e were ;l_Urllcd Table 2 "_Ulllnl_lrize_,newer ahc[afl _llli_,don f;ictor_ d_:v¢l-
ralher than the J'I*_D-9 or by 4.*1 if _electcd over the JT_I). aped Irom FAA ccrlific;¢tion data h_r hlrgc cemm_crci;d air-

209. Figure I Lzraphicully _llo_ tile difference in carhon men- craft. This list may be used tu supplcnlcnt the ;r_IlU¢:'fonnd
oxide ClRi_ioll_ fir I r_fou .'pes of e _ ncs ca n ii v u_cd in AP-42. h also _dloldd he noted IhUt Ihu ¢crliticatmn d;lla

in DC_)s.The new L)C_.81I _c=ie__hot_:;marked inlpravemc_l. ;_re in g/kg. hul the AP-42 d;ita are in Ih_hr ¢_rk/hr.

Afler the enL,'ine lypc for each i_irerufl i_ d¢lcrmined, enli_- Timc-in-lnud¢ datu ul_o nc_d Iobc d=zternlined, gp¢cili-
_ion nlles for eueh ==rerequired. Enli_ion nHcs for cad] engine tally, the hlndill_t_¢keol'f (I.TO) ¢..¢1e nlct m elegy _ I i

type _rc a function of aircraft mode (idle. appro;ich, climhouL AP.42 may lead to large crror_ hccuLise of Ihe differcncc_ dl_=t

and t;ikcoff), time.in-m¢_dc, u¢ld f_cl us_. Each variahle mull occur al individual airports. Indeed. the autlmr_ found a _¢ry
significanl ¢werprcdiclion of emi_ion_ durin_ inilial in_e_li-

gatio[is eft tile Nashville lind Lo_ Angeles .irport_ t_hen LTO

TABLE I COMPARJSON OF ENGINE TYPES: De9 cycle d;ita _;is used. Fur example. Ihe LTO c)'¢le given by
AIRCRAFT AP-42 conic]ins 26 ndn for taxi/idle fin and oul} for cnmnler-

CJal ;drcrafL MU;l_lJrenlunls made civet I11;Inyd_ly_Z_INush_ilJ¢
D;_-S_ :_C_-_e 0C_-r0/._e oca-ee Intcrnalianal Airport sho_cd Ihzll the Jdle/lilxJ imc wa_ I_p-i_01_£ JT_O'I7 JtS0-9 JTSO-? JTB0-ZS_

rOLE ically only 17 rain, Aceo din_ly if t c LTO eve _ from AP-
FUeLUS_ _1.6 =_S,Z ,=6_,a =es. I 42 had hecll usud ;It tile N;_shville airport, the idlu/laxi tinlc

CO 17.7 1_.4 16._ 6*5
N0X hB 1.4 7.9 1.6 error could have resulted in ;m overprcdiclio_ hy ;l factor of
H: 4.6 4._ 4.9 I._ grcaler lh;ln i.-_ while lhe aircr;ifl w_is ori dle grolLnd. It Js

s0x _.s e.s e._ a.s impurtan! lh;[l dle time-in-made for idlcltaxi be dcterndnc_l

TAREOF; on ;1c;ise-by-casc husis for each airp[Irt, h_c;ttlse lllcsc limits

CO ].Z =.6 S,_ ,_,,= change considerably fronl ,irporl to airport. [:rorll LI co_hi-

_0_ _I1.9 67.1 9.5 97,8 n;lliOrl el lhe tilxJ and pusl1-1x[ck timc_ and lhc _iVCll runwilvhC _.2 I ,_ 1,4 1,5
s0_ _.s ].? ].s =.] use scheme, wclghtcd _iver;ige idJclt;ixi tilllCS can he derived

cL_i_80_t for opurations on each runway for individuid airports. Thc_c
FUELt_;E 3S88.0 30_6._ 2920.? ]S-'_.l limes can then be combined on the hnsis of lhc ;lflnu;ll per-C0 ].6 S.t 5,9 5.0

_0_ _G,o _3.4 _E.Z 67.: ccnlage of use of each runway _I raleg)'. Care should hc I;ikCl1
,c _.; I._ l.s =.s durin_ peak periods to allow for additionul lime cau_icd [_)'

s0_ 3._ ]._ 2.s ].s queue lines. After all times.in-mode urc determined, a new

FLtELU_ 1275._ 1072._ la_a.e 1:_3._ LTO cycle e(mld b¢ defined for each runwuy usage, or indi.
c0 s,: io, i 1_.s s. ? vidual times-in-mode could be used and lhc results slllllntud.

_0x B.l_ 6._ 13.S _t. 4 For cxz[mp]e, e;ich aircraft l)'pclind dil(ercnl concourse useHe _,6 i ._ 1.6 Z.2
sox i. ] _. i i. 0 i. ] could have different times.

To determine times-in-mode _hcn an aircnffl is in tile air.

0,:_ _:,_:0_ =,:_. a 3._)ll- fl (913 m) inversion height and uver;igc mixing height

_=_ v,;=.= *=_ ,_o._ _ ,q/or. above the grOllBd i_; llsually a _.ood ;l_Slllllpliorl ([l[l cmissi(in.,



[

+.'L_,t_OUT

'-'! /+PF_PC_,CH

,_+........... IDLE

JT_C_-I";' JT_ID-_ Jr_-? JT,5;CI- --"L__

FI(IUKF. I I)C_-l')p_ ,Ircrull _ml_sl,ns ¢lllni_llr_d--_.,llrl)llll 1114IlILI'_IIIL"IJIII},

TAI}LE 2 PAA EMISSION INDEX"

Fuol T_ov _sJlons (i/kl) s=okl
_ni_ Hodl (kE/llc) _¢ CO _O Ao._

Tiklo_ 1._920 0.06 0._ _._0
_li_bo_ 1.3_00 0.01 0._ _6._0
A_P_olch 0._090 0.20 _._J 10.60

T_ktof! _.1_0 0.29 1.0o _9._0

APptoich 0.6150 0.47 _.10 IO.30

JTSD-_09 Id_t 0.130_ _.OJ 1_.10 3.$0
T_k_o_ 1.1910 0._ 1.03 _.90 11.10
_AmSou_ 0.96_a 0._0 I*_0 19.00

_=hou_ 1._1_0 0._3 1.00 26.59 1_.$1

T_k,otl 1.0200 0*04 0._0 IB._O
c_=5ouc 0._010 0.0_ 0.90 L6*O0 _.00

_Ta_-2_Tx Id_ 0.1550 0.9_ 9._3 _._0

C_=5o_ I._0]0 0.21 l.O_ 11.60 lg.60

3T_D-7 Z_e O._Zgl 10.50 )_.50 17.10
Tlkaoff 0._80_ o._O l._0 _.?0

^_P_osch 0._661 1._0 10._ 13.50

T_klo_! 1.0400 0._7 1.2_ 17.92
C_mbou_ 0.849 0._1 1.66 14.21 2_.00

_F$O_R_ zd_l 0.0_06 5.39 40.9_ _.76
Taklo_! 0.35_L 0.06 0._0 1_.53 16.90
¢_5a_ 0.295S 0.05 0.25 10.56
^PP_aich 0.10_4 0.22 7_10 t3.5_
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re]eased_ithin3dgJlJh {lJl-_[II}illgrnu d c%e rec(_ _d- AP-42 provbJespr.cedulc_b_r¢_lhuating_tiilionar_._lurce

ered).Thisussu111pthlni!;c()ll'_i._tentl_rith/'.P--12._induifilorn_elllissi_iils.The un;tlyst,hillvever,nill_tdetenllillehltUl'e

timessht}wnb_.'AP-42 111a_*'be u_et[, retiuireul_nts_nldhe c_iri:fill_hen eMinlalhlgItlttlre¢nd+._iou._

ttlensttr¢:la) dlat;i[Itnlrealfuturedeminld isnlITpitttln

existingl_i_ilities(ifnew fa¢ilitie__illhe requiredlhe_c_luree_

Snlafh'r..li_('riIliiI,ddf/fitary()l_t'i'itti4J/i_¸ shouhlbe includedl:;nltl.lhlthutfutureItleltt_e;indconIl_]l_
tinenli_sionsare CtillSidered.

Enlissio11sfnrgel_ral u_'illti(_11_lirer;dt.Ctmlnluters.mttlmil-

t;lv i cilt 11a_.'he computed by ;is_umingth,ttileAP-42

I_llldinglt;ikenff/cyclesare applieuhl_b)r generalizedt_p_s. _b)l(irVehlcle_

Pbisapproiiehis_ugg_ted b_cuus¢(iftilehlrgedilfereliCe_.

inidledmesth;itc_udn¢¢urh¢¢_u..e_ff ret!uhlrllperation_. W e pretlcl _¢ ._o _.Im n11tlr'+i:hi_:l¢..ac¢c....ingan

und tileusu;tlIylllrgenumher tffdifferi:nltypesof general airport,tl_t)l_hihi_ophie_exist:

avPltionilirer_tlt.This a._sumplionllaVt_r111;i_'not b_ appro-

priateforallairports.The s_lectionof theseairera(1_.htlu[d l. Enlis_iiln'_l'rt}lllmotor _ellicI¢_qllltlldllnl)̧he ctm_id-

followthe_(n1_er*¢ilfivepro¢_durt_ofs_leeting"dirly"engines el'edwbellthe '¢eldclc_enteruirplirlprtlpL,rt_.̧;indb¢¢qlnl¢

when one typet}fairer;dtd(}esniltdt}ndnate, partoflhe airporl_onr¢c's:ur.

It_hould be nt_tt_dthalsnla[laircraflenlissitin_may be a 2. l_nli_si(insfrt}lllnlohlr_-_hicle.._.btluld[I¢c_in_ider_dl_hcn

significanteuntributorludl_ overallelllissionsdependhlg on tile_'ehi¢I_s_tllrltheirjilurneyilltln:airpt}itb¢c;itl-.edl_

th_ airp_}rtoperatingdlaracterlstic...Accordingly.generali- entiretripisairptlrtrelated.

zatit}nof s1111dlidruraficould feud tn_:rrl}rsi11the predicted

elilis:_it)n_.[_;ichanalystsht_uldde¢id_ ifa generalizadtill_}f For ctluntyinventories,etlordinati(ini_,needed ttl'.¢I¢_t;i

small_lircrafli_ad_tluatetlrifa more tletldledsur_'e_.'of_m;lll hlr;tteg),tl)ensur_ tbalelnis_ion_are hilt¢onnted t_ice.

* aircra{tisrequiretl.Once ;tgainAP.42 endssit_nhlchlr_will Ifthe entire_ehicl¢triptothe _iirp(irtisc_in_idcred,t_1

n_¢d to be supplemented with c_rtificaIiondatuhecanse_D- nludlodohlgi_ar_ uvuilabletothe _milly_1.The {iP.tmethtld

42 listsold)'fourgeneralaviafitlnpistonaircrafttypes,four i..toconduct sureey_of vehicles;irrivingal l]w uirporltt_

smallerttlrbOpropt)p_'sand fivehusine_ jets. _t)ge¢lsuf{icienldat;l_oth_ittot;lltriperTds..itln_can be d_I_(-

ndned. The other methodology would inv(d_eusingon_ {_f

se_.'erala_-'ailabletripgel1¢r;itionmodel5 h)determine zonal

;itt_actit}nsfor ;drpt)rttraffic,und Ir_mlthb culeulatevehicle
Ground _upp,rtEqulpr,ent Emis_ilili_ ndle_traveledund tnt,lemissions.

If_}nlyt}n-airportoperali{insare ctlnsidered,nlot(irvchicl_

Ifnodetailedinformatiunongroundsupportequipment used emissio11swig generallybe _ntallerthan _iircraftcini_qt_n_.

alan Ld_portisreadilyitv;dlable,u nlelht}dohlgypresentedby This isafthnportant¢on_ider;tliilnf(irdi¢ _in_dv_tdurin_ _in'¢
FAA (3) may be used. The FAA reporl lists usage times for " " "
each service vehicle per nircr:dt type. Aircr;ifi m;ly neecl to planning process.

The dala for on-airporl _ellicle t)p_radon ;ire n%lUlt]_.' available
be generalized into sizes to estimlite support vehicle needs filr parking lots and loop road use from lhe Iot:id airporl uuthtir-

because no list of aircraft is available {3). Tile time per idrcrnlt ity. Again. AP-42 values may he llsed (ir, if mor_ accnraL:_ i'_
can be multiplied by the total number {)f uperntions during needed, avililable cutup,let p_ograms Mluh as MOBILE.3 181
the time period under collsiderntio11, to estimate the total time shonld be used.

for all operations. Next. the rate of fuel consumpdun re;I)' 115 If specific Statistical dul;l of vehicle types u_ing tile nirp(_lt
ils_d to determine [olal fuel use. From Ihe total fuel use it is ure lackin_ then tlutiollu[ average endssb}n I;ictors should be

possible, usingthe givenemission factors {3).loc;dculate the used. According to nil EPA documenl (gJ for large urhlm

emissions for each groulld service vehicle, areas, the naliollul average specific percenlages tff vdlicle

For this _mulvsis it is important to determine who er the types is 8(I.3 percent automohilt_s. 11.6 percent light trucks.
service vehicles use gasoline or diesel fuel. Selection ol tile 4.5 percent heavy gi_soline trucks. 3.1 percent heavy dic_¢l

wrong fuel type can cause a significant error (pollutallts other trucks, and (I.5 pereenl nlotorc_cles. The national iwerages
than die criterill pollutants may also be n concern here). For

also il_:_t1111e2g.fi percent of die mi)lt}r _ehicles ale uperalillg
example, if gasoline vehicles are assumed, when in fact most in il cold condition and that 7_).4 percent of the inottll '.chides
ar_ diesel, carbon monoxide will be overestimated by a fllctor are operating in a stabilized condition with 27.3 percent having
of 6.7. hvdroc;trbons by a factor of 7.5 and nitrogen oxides slatted hot.

particulales, nnd _ulfur oxides underestimated by factors of These percentages may overprediet the iimoiint of hea_),
2.7 6.3. and 4.8 re_pecd_dv, trucks using the airport which may clluse a slight o_erpre.

dictio11 of emissions. Overprediciio11. ho_ewr, i_ desirable

. for a first stage environmental asse_snient because if no probo
Cenlral UIIIII)' Plant (lhdler fir Ileal Generation lem exists when overestimations are used. then 1tome _t_uld

Plant Emisshins) exist in a more precisely modeled situation. If problems dr)
occur beclluse of motor vehicle emissions, the nnalyst should

Stationary sources occur at many ;drports but ;ire uftcn over. stdve to better defille tile motor vehicle traffic and mix.

looked in emission inventories. Cure shoutd be t.qken It} assess Another pithdlih_t rally occur ut airports involves lhe methnd
the seafionilr)' source:, thai are pr_:sent, their full use and any used to predict emissions from idling motor vehicles a¢ce_ing

expected future changes, the airport. This problem becomes more cumplex _qlen pro-



IIt. __'+l'l ll¢ l,l l'll J_ RIf._;IE,.II+('II l+l ( l Jl¢ll 12Ill

dictirl_llltllruclltissitlns. Th¢l_¢ighteda'.erage411_¢hiele[ypu_ "rhc;iverag_ i l_ie dur _tl e pc;it e¢ i _e(,._T) l_r

li.e., tilXi, Ih11_. llri_.ale ;lUtU) 111a_¸ 115u_ud to prLll'ide il rep. 11nder_r(ulnd t_ink_ is ;i _lir¢Cl t.uncti_n _t the ¢I1;in_e ill _L_il

rcsczltati_¢ idh: till%e li_l ¸ pas_¢11_er;irl'i_ ¢ Lep I re "'hi_ lunlpcrature. It can he a_suil1¢d th;ll th_ l'uul ten111urature i_

;iIIol_'_ ;111¢Iti¢icnl ;inaI_'_i_ llc¢_llt_c the weigh cd die I ¢ al_ilroxinl;it¢l_ ¸ _iI _r¢_ulltl l¢inl1¢rutuTu _:'(cepl _h_n Itl_I i_
ina) ¸ lle mlglip[iud h_¸ t]1_ ntll111_er uhl¢le_ Inr a tot;ll idle lir_l ;Iddctl t_ the tallk), "]'elllper;itur¢ intLllnl;iti_111 in_l_̧ l_e

time ;ii Ih¢ tcri11in;iI. Thi_ nl:ik¢_ the: ¢lleCl_ _it. cI1allge_ i11 f_ulld in lh¢ U,_. Dep;Irllnelll _ll¸ AgricuI1tll¢ (LI_DA) gL_il
p_l_cng_' u_*gu _nl ti_tld p_)lhn:ull hlad easily' tpl;intilial_le. Cilnscrl'ati¢in ,_er_ice s¢lil _lll_'e_" repilrts, The IZle;ul ;u111u_d

The ;111;Ii_I dlt_uld _ l_e c ret IIL_ e_er. tel c ll1_idcr i lle _lil tci11p_laturc ll_r nluch Lit th_ [Ini1¢d _;t_it¢_ nl;ly I_¢ ¢_ti-

til11¢s in i111rkin_I_I_. ;it toll g_ilC_._tc, The ucplali_in ll_¢d t._r 11;ned hv addi Ig I.,H_[: i l_Ci t_l di¢ 111¢;inannual ilir tcn_Iler-
we _ Ict _ c e _ _ Ii_: atur¢, Al_l, l'ilr _lil depth_ gre; e ¸ tl 111 _L_.4 ill, l[tlll cln),

dillrnal ch;n1_es aru _'er)' si11;l]l, "['h¢l¢ILlr_. il c_u_I_ _l_ulncd

I,,,, = t',l,V,(t,I + ._,'.,(t,,I + ._'_il_) _- • ' * .V,,(/,,)J I I ) tluet th_ lull temper;nute in u id¢ _r¢_L.¢d tank_ i_ equ;=l to
the _l_'era_z3_r4_nnd tunlpcruture. ;=nd reltl_lJn'_r_..]ati_¢l_ *_(_1[1J,_,

_'*'h¢.'re t OLlffhcnll[hed;l%' a,,,_unledil,tl]=[:c]Utll_¢ .]Jli ,, ¢cJnticjll_.,

I,,,, _ luted idle tinlc J_lr [nol¢lr '. chicl,.'s in IllinLlle'_ nuly h_t used ;1( t11¢lstsil_*.
%%%IrkingIctuses_tre¢;lu_¢d I_y liJlillg and elllpt %iltg tile l;ul k'_.

|_, _ ntlndler ¢1t";irri'*'illt_ _eJliC],.:'_'%'e;l_ V_lp¢)r*.;ire _:xpeiled _llelt the liquid le_'_l i_ ilterea,_cd; unli*_-
._', = pr¢lpt)rd_ln ¢_1I;zxis. _i_)llSul_¢_occur _11_.r_Ih¢ liquid Ic_el is dr;_ n d_ll. t_¢cini_'
I, _ il_ztra_e la_J idl_ lilllcz_ in nlinillcs,

.'_, = proporti¢ln of priv;ne aulc_*;. ;lit is dragon Jlllo II1¢ tilnk und _;1_*_1111S cxp;in_i¢ln (ICCLIr_,,
The _l_¢r;lge Sll;Ic¢ It_ight nlu',l lie _.'slhn;Ited t¢_predict

I,, = ;_era_. pri_'=tte aulu idle tint,:_; ill iitillules. _t_rkillg tos_c_. II ;iccurate d_ila ilre iio[ av;li]ilhJe, thi_ c;l:l hu

.'_'_= prup¢_rti¢lrl of linl¢ls, d_lne h) the sinl_lif:.in_ a,,sumpli¢_n that tank_ ;=r_:n¢;l_l_ tJr;lillud
7) = _l_cr_l_ IJ[11¢1idle tillt_' ill IIIiI1LII¢.'S. he,ore the d_lJ'_er)' ¢_fI1¢_ fuel, Thi_ c_ttl,_ervali_,..;=_unlpli_n

._.*,,= iir¢lp(;rti¢ln tit ildl _ehicle z_pe CtlLdd thell h..."_)itend_'d I*l dl_: c¢lrull;ir_ that =;11the ;_¢r;l_c,

I,, = _l_er;l_c idJ¢ lin1¢ of #ldl '_'chicJe (_'pe. _Uld (hL.t_lnks _lr¢_lne-llall fu]] and tile ;1%¢riiI3_. t ;ip_lr **pacerJzei_hl
is ¢_ne-half the tank deplh.

_, + t.,..+.._, + . . . + .V,_= l.t). The pair_t t.actor all¢_s [or ;=dddi¢_na he;=tinlz ¢_' d;_rk_:r

t_lrlES,Ftlr tli3dergrou nd lallk_ thi_. I;l¢:tor P, in;lppropri=llc _uld

Thi_ pr_¢li_ceslolal idle limes l_r 111¢:anal)'zed sit u;iti¢_n in nlinl shnuld l_e set t¢_l.ll,
)'_;Ir, Of course 1¢_use fills 111elhi_d,comp¢)_ite enlissi_n (_iCl¢It_ Tile lurnt)_'er f_lel=_rcan he eslil11_lled hy ;l_Ulllillg all l_ink_

nlust ;lJsu [to del*.t_nlinud in t e _i_lrlle_t.,_,, athe c;l I ': re¢¢i','e equal list, Then the lurno_rer ', p¢_r_e;lr ctluJd t_¢ esd-
i nlated b)'.

EF,,,, = X,(EF,) + ._,',,(I:'F,.) _. .Y,(EF_) +...A',,(E/._,) (2)

'['llrnc)_'ers ii¢:r _.'ear
WJtl_e

= (anmu_l lhr_nLghpt_t) [l_nk cup_cil_') (3)
EF,,,, = composite emission faet_r, _III vehicle t_,p,:s.

EF'_ = n_cr_ige emissi_In r;_ct_r (_r idling tuxis, The tOl;_lattnu_d thr¢_t_ghpul for e;_chtu¢l t!,pe is L_U_I, ;_¢CU,
E_, = nvcr;_gu emission [;letor (or idling ;Lutes. r;_tel)' known.
_/'_ = a%'¢2r;l_ _[1_issitln _;l_tof _L_ridJiilg Jil*_t1_.;ind r:_r _glllre scenari¢]s, fuel use nlu_t he =:slJm_ted. A ctln,

El';, = aver;_ge emissit_n _ctor for lltlt vehicle type. sere'alive cstimution can l_e detemlined hy muIlip _in_ the

The_ the product ¢_[_,,,, will )i¢ld th_ leVI;L[)'e=_rl)' pc_ihltan; ratio o_ the number ¢_f(l=_:l-_pecitic npcrali¢_ns ill the tuture

loud. In this form, pl;mning _Lnde_timatinLz futtlr¢ emissions cool,pared to tilt existing c;tse, F_r _xanlpl¢, it' airerLlll opcr-
beet)rues a simple task, ;_lions are estimated ill doullIe l_)' s¢)in¢ fulure dale. Ihell it

¢_ln l)_ ;l_Stlllled lilat _uel U_: t_ilt illso d_lubl¢. ¢%holler esti-
nl_itio_ can he 1131Ldeit" life t.utu r_..fleet mix is kno_ n _lilh st_ml:

degree _)fc_rt_thtl)', ultdit" the lultnl_er tlt.c}perations _lrekl31_ n,

F'uel t_tur_ge Pr_)jected _u¢:l Ioadin_ could then he mu tip i_:d I_ ' e tLm-

tier tlt" expected [utur_, _ip_ratit}nslt_ deternline ltlt_lJairl1_;rt
When liquid fuel i_ _tored. releus,:_ ¢_f h_dr_)c;Irbons to the fueling op_r;=tions, Each of tllese methods ullow_ the tLtrn,
atmosphere are ilt¢_vitable. At any airpurt, lhe _UeJslora_e (3_'eTSper _'¢ar [{1_I_ estimaled t.or the t.tllure ease. pr(llll lhe

lilelhods nttlst 11¢delermJned, esligl;lted turnovers= "o each _, ud) r%'eir ) e prll_ided ill

Tile El A ha_ d_'cloped cumplex equations to estimate th_ AP-4,_ is used to determine th_ turnt)vcr tatter.

hydrocarbon rel¢;ts_s associated with brcathin_ losses [L_) Once _]l tile variables are quantified, tile eqtL_tion_ could
and working Ioss_s (Lw) for several tank t)'pcs and includes lie simplified for gener;tl u_e. Only selected varial_le_ need he

them in AP-42. Each v=_rial)le in these cquation_ mu_t be ch_tng_:d (i,¢.. t;Mk quantity or diameter) to deterntine tl_e

determined on tll_ basis of d_ita pro_,ided by the ;lirp_rl _r _If¢cts on _missiun_, This permits aver, quick ree_tim;_don
¢slimat==d from existing int.ormalJon, tt_cx_imh3c_'adous sc_rlilrios, "rile unalyst should _]lst)he ;lware

Breathing loss emissions are c_used by vap¢)r exp;utsion and of lank age and lhe method of fuel transfer, T_Lnk _g¢ _'(_uld
contraction from changcsintemperatur¢ _ndbzlrometriepres- be important if teaks occurred at tile se_ds. "]'he nletll_d _t.
sure. Th= AP-42 report does not provid_ a clear methodology lr;mst.er could result in fugili_'_ hydrocarbon rele;_se_ und i_

to be used at airports when the tanks ;_re u=lderground, discussed ia thu nexl section,
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Vapizr r_.l'_w(_.r}'s_,st_nl'_ ; rc hc n_ _(,,d 1 tic I ITltlrl3 _r¢- persilln nlodclin_ hlol, it i_, not ;I us_(id c_mJ_sionin_cnhlr_
qucrltly than ill tb¢ p;i,,I. ,*(inlttinl_", ii:_a rl:qilirciiltnt, If tl'_¢d, toL_l,

the r¢_:ov_ry crti¢i_ncy "dltluld b¢ dtturlldntd and the tin;d FAA rclcltstd a nlodc'l c;dltd tile I{inis'_iLlu ;nld I)i_llL'r_illll
rc_ulz_,L:(irrctttd Mt_dtJin_ _y_ltnl (I_D,%I,%)(//) in Dcccnlbcr p),_5, rhJ_mt_d¢l

i'+111i_rocilnlptlti_rh;p+edand h;l_ ;II_cl)injltlnt_.n{++(i_;all+port

L'llliS_ion_ina_,ilii_J¢nlodcL I?_%+A'sc'[i1+_c dL_aling_withaJrporl_

FUI,:LI_G OIqCItA'rIO_S k'd {(_ thi_ r_pon_iv_ InodtL _qlidl ulhltinalcd nm_t _l Ibm'

ptobJtn1_, 11_,_v_p and ;lJJt1_=iI ;ik'w_ hl IIUP,I ;drp_irl ojii._r-

FLI_iIiVC b_d_(ltnrborl _*;ire al_o Ttld;t_cd durint_ Ihc Ir;lll_cr anH'_ b_3CIttP*e{1][J1¢ffticroco_llpilt_r b_lse, FLIrlll_r r_h,.;14_.._ill
O["tIJeJ. Tb_,' I'_PA h;P. d'.%_:lzlpcd tnli_'_ion t[*cI_ll,_ bil'_¢,'don P)_ pro_jdl:d rclincmcnl** _Lrldit hi(ire cxlc,n_Jw., d;l[;i b;_sl.',

lhl._l{It;ll;inlotlnIo_"]'LiCltran+d_rrtd;indh;P*llnbli_htdlhc%e "I-h+_prbliitryoulput_lllhi++lllod_l]_;IllC'lIZih'_izlllin_.'rltor)bl

fattor_iu_x.P-42. a directlyus;ibletitan.AJdulLJ_hIb¢ titleixnplie_lhaIdi_-

]'hcnunlhcr {ifIrallSlt..rslllU_tI_<.'dm_rlllillL.'dto ustilmLte puP.blnnlod_..lin_b.;lqcomplb.iled.at lhihbnl_'[hL.rllOdtJ.

dlei:llfiS_Jon%IIju:_lllid__[sllotddd_l_rndnebo_ hLtrill_opcP nutptni+,_ic'onlplel<..dt..ntiP_i{inin_L_lltllr_and ;illinpuI]]I__or

;ttitln_ nr(_ d_)nc at tbl_ ;drpi)rl tlndcr _IUdV (i.¢,, b? Irutks. piI di_l)_+r_it}nI]z(id_.'Jing.

h)drants,tlr;idlerlllctbod_)b+:cau'.cthi__qll;d'I_:Ithenzml. l]utau_E D_.ISisullJfllnlclymC;lll[{obc itdi_pcr_iorl lnodcL

b_r of lulltran+d_r_,For c_:ample,ilIru_+kfuelingi_tl_+_d, ho_t,_r* ital_) n:(luirc__:xtcIlSi_illpUllill_ol d;iI;l{1(11+

fueli_tran_l_:rrcdt+r_lllltall_ to lhi_lrLlCkalld[llCrlIllthe exinnpl+-*.d1_ _LlllplI_prohlcnl r¢iplir_s]'L'+_.Itp_+).F()rtu-

_drcrafl flhr¢_ Iran_fcr_,): h_zxvcvcr, d"pil Jl_,dr;Lnt__lre u_cd, n;ltl;ly, thisdiita is r¢;¢lu¢_ltd in a tl!,_,'r.fri_ndJ_'+_c_ccn-pronlptl;d

fUPIist}Idytransferredhl d1_ ;drcraftfrtlm;ipipd_blt_JOlle fOrlllnl+F.luthof theinputisrcquir_dblr thccrcatiOllll_dlc

lran_f_rl.I:rmnth_ number of fuclIrnnsftr_+i_Ialh)'dr_)_ar, di_ptr_it)nnlt_d¢linghlpu[liI¢."l'hi_inputfileisdir_.¢tJyc+un+

bon rel¢_ls__.[rnnl lu_[ifl_ {)ptraliOrls IZl_lt_' tie _,_tinlmud. Cart palJbJ_ wilh Ihc di,_p¢:rsion rtz_ld¢J_COlllnined ill t_1,2U**up.'
• should alsobe I;ikcntodetermine hew thetank_arc filled. N_lwork fi_r AppliedM(_d¢lingt_tAir Polhxti_m(UNAMAI_

To _stim;lle ihc Ilydr¢lcad_*ln _nlission_ from fueling ¢_pcr- sysz_nl: (Poinl.Ar_a-Lhl,:) IPAL) I/2): I IIWAY-2 fl3h ;rod.

;itiorls. _llc nunlhcr _l gallon_ tr;in_rred per )_ar are nlLJI- CP.STI_I_ {/q), Ouick ;irzul:,'_es,a_ liar phnming, arc rmt easily+

tiplicd hy th_ AP-42 cnli_sion fi_clt)r, Emissiml l;tctor_ are accomplished with EUMS, A_ ih_ niar}tJ;ll ..uggc_,l,.. "An
uvaihlbl_ for Jp.4. diesel libel, gus(flir_, and ]IiIl L.L. flow experienced u_er _hnuld be able to procus_ llic example pmb.

lead) aviation fil¢], ll)'drocnzht)n relcas¢_ caused by auto. lem in I¢_ titan 3 br." The aull1+}r__fluir_'d ;_Huick. _'flicienl

nt(}bilc ]'ultJing arc _cfl¢l'_iIl)' _lmdler [rl c_mp_irison io lhc wily to conlp_lrc+lnultipl¢ *;Ir_ll¢_i_ ;ind ()pc.rations at llIu ;lir-

other[uclingoperation r_lcase_ fi_rlnlyJar_ airp_)rl hecati_u pnrl_. Uhimutely. a nlmb(_d(}h_gy _uld _¢ri_ of micmc(nn-
of the smaller v(=lurne actually purlzped, Accordingly, I_es_ pilfer spreadsheets wer_ deveh}p_d to permit quick ¢;dcuhl-
;irlt _t)mcfim_.':_clim_ll;Itcd from lh_."+in;dysis. C'_ire should he tiiifl_ of .tnlJs_ioris arid ¢:isy r_vJ:_ilnl ill crllJ_sii}n hlput dilt;l

l;ik_n to _n_ur_ that this i_ a valid _implificmi{m by reviu_qng fl_). The abiJil), h) quickly revise and recalculate was csp¢-
lOl_l] servJc_ '.'_:hic[¢ and ;iulomobilc fro:ling umounts, cially uscfnl for slucl)'ing tlm variou_ prt_jecl ulle rllmi'...:., under

c¢)nsJdcratiom

DEVELOPMENT OF' Till': ,_PRF:AD_IIE'I':T

Proccdur¢_ ;ind looJs haw _xi_.lcd fn[ som¢_ lim_ for lhe c(m-

ducl of ai_orl air qu;dity _tudics. These procedures (2.3.4,5.t_) "r_ permil the calculation of cmisshms easily and quickly.
arc informative _rld wry usefid. Unrorlunmel_, no overall, LOTUS I-2.3 sprcad_h_m_ w_ru dcwh_ptd, Originally. sop.

comprehcnsh'e guide has beun pubiish_d dcscrihi_Ig the _ntir¢ _r_it_ sprcud_hcm files x_erc created fur each st}urc¢. E_h

cmissinn inv=tnmry process al airpt]rt_. Accordingly, all _f lhc spre_dsh¢_:l contained a scries of t_mplat_:s thal aJlowed _asy.

t,mps nc_ded to carry ;i comprchensi_'e emissions study Ihreugh user-friendly _cr_¢n input, c_ily ch;irtged culculati{m shcets.
to completion are not cxattly clear, and tl SUiTlrliIlry lab]c its [hr_]usl templul_. _I;inu;iI ca]cu];ilion'_

w_.+rcpctrfornlCd to validate ouch _prcadsnt_t.

The ct)ncept behind th_se Icmplatts was simple and tffi-

FAA MODEI._ cicnl (dct;liled pr{)gramming ofthe spre;Id_hc¢l is nnt described
and the reader i_ r_ferr_d to tll_ LOTU_ u_r nmnual (frO.

_,dding to lhc confusion was It _eneral luck _)fccmlprchensive An aulo.¢xecute macro cemmand places the _ser _ztth_ inpul

compulcr to(}J_,specifically d¢_si_ned f(w endssion invenlorics, screen at the beginning of tbc program. The initial use o[ the
The lack ofcompnt_r to(_ls forc_.d numua[ calculntions, adding _,prcad_,heel begins whll al] dala ranges zero _r hlank and are

further eh;mcc fer errors. The Airporl Vicinity Air Pollution shown a_ unprotected fi_id_. Us_r-lriendly plompts such ;is
Mod_l (AVAP) (/0) has be_n avnil,ble _inCe 1975 and did "¢nlcr till=" would bc shown, but protecmd. In thi_.way. ()nly

combine ull tile sourc,::_ in a single mud¢]. |Iowcver+ AVAP data cnlry fields m_ly be changed and they are highlighted by

was designed for dispersion modeling and _o requires cxten- b_ing shown in a diffcr_nl color (for PCs so equipped). If

sire data input in ;i tedious fixed-field form_lt (m_in-frame more than one pa_e of data entry is required, the us_:r is
based), An _mission inventory could be prepared using the advised to use the "pa_e down" k_y m _ldvanc_ to th_ next

output fire, but only _d'tet i_xt_.,nsiv_ manual computations, data i_*pul screen, When all required data is inpul, the pro-
which leads to the manual m¢lhod problems n_tcd above, gram prompts the user to review the data by scrt}lling, to

Additionally. AVAP does not havu updated emission factors change the data us needed, or to calculate Ih_ un_tur, C;d-
for newer aircrufl, l[¢ncc, although AVAP is a useful dis. cu[ution ix controlled hy invoking a ]liddcn macro command



t_I_LE¢_llcLliaT¢_,. lirt.t hy "_(z([ing V_lriahl_ a,, llL'_d_d (f_lr _x_lnl. lh_ i]¢w d:lla I(ir (liflcr,:lll al(erIl_lli_::_ _lr_ i:llL_rell. ;L _.imlll¢

I)l_ Eh¢ f;l¢l Ill;l( the ._'e_lr i_f an_dv_i _, e_lu_._, _1_ignifie_ln( "r_{:;_lctll:ll¢" iIlacrll ¢l)lllfn_Lnd i_ _l:,_d tll r,2_it._ tll_ ¢_ll¢_ll;_-

¢ll_tll_e in nlllll_r _¢hi¢[_ _lni_.illn _;i,.'uir_; is _Ic¢_Llrltcd _lr hy _i(_ll_ f{Ir _1_1p_illL[;lll(_ ;Lltd _11_ai_cr;l[I ill _[ nl;lllcr _l ¸,.¢¢_nd_,.

nl_l,:fL) Ill_LIlil_lll;ItjL_[I _f the _l_Ll_ ill (i1¢ '_pread_.ll¢¢I}.._e'_. and ]_la_'_' Eh_' _¢r_II _1( lh_ :_Ulllrn;_ry t;ihl¢. Figtlr_ 4 ._h_ _, _1

_:alCLli;iEillll'_ ar_ ilcrltlrnl_d I1;l_,¢d Llll ;ll_l_rlll)ri_l[i.' ¢lltl_l_Jllll_.. lyi_i¢_li _Liinnl_lr), [_LII[_.

I_iglll_ 2 _,h_ll_'s ;111i.'_;llllll]_ (_ all all'craig( ¢;ll¢lll;ITinrl (_111pl;11¢, 1"11_¢llllll_k:lcd. i)_.¢r;LII _l_rcad',h¢¢l _r_L_ II¢_i_ll_:_l _1'_ (11_

"]'h_ '_¢r¢_11 i'_ lhell _l_l¢_d _[( I_1¢ c¢1]_*{:_lnl_Lirlin_ ;i '_L_nlnt_lry il_livi_ll_;ll _._ll.*_t:_ ill tllr_e "_l_e_.; inllllt t¢lllpl_(_,_. CalcLllatiLiii

,_h_:¢(. ()1 ¸ ¢_L_F_. il ¸th_ ut.l: r i_ J_h(z,,. ¢ll;Lrlgcs i11;i) r lie III;_ci¢ I_ I_111]_1;1[_'_;tlld _Liin nl;Lry (_111i_1_1_, _:igLir¢ ._ _,hl__'_, _r_L_lli¢_LII)

dala ITi;inll;ll_y ;irltJ m_lnu;ll ul_d;l(_s Ll'_¢d Eli ¢_ti{:ulale.._¢r¢_11 lh_ ¢llrl¢_l_t h_lind Ih_: ilrl_gr_lnllnin_ _)_ illdi_iLhlal I{:rn_lliff_

I_¢;tii()ll nl_l)' ai:_ll h_ a¢¢_rllpli!.ilcd nl_n_lally. "l'hi _, ilr_lceclLir_: _ _l_r ¢_¢h _lur¢_:, hi lile iivcraJl ,,]_r¢_ld,._le¢ l, _LihI_(al '.llrl_lll_lr _;

_l_l_¢vcr. W_ILticl _:]inlinatl.' ;L k_y ei_'nlcnl Ill ¸ lh¢ '_l_rcadsh_:_l T_;llpl_l(e_; _r_ _ll_,_ illeiLlll¢(.I I_l ;dlll_' the u,._'r T_ h_lk _LI IIl_'

I_r_l¢_'_s. Ill;IrlJl_tLJ_l(illll (11̧ Ill{: d_ll;I (L1 izl_,l_r_ i'_r_lpcr ¢_L1¢_11_1o (:haJig¢_. in IiiI;ll _nli_:_i_ll_ h_;id _lr i_l_Ll_nillg _l ¸_l ',in_l_ _._11F¢¢,

On¢_ _1CLiiIIpl_:l_ _ri¢:_ _)f illJ(i_ll ',l_r_l,.l'_ h ¢ _ I lil¢_ {IL_r ¢_tch _L_ f¢l_ dala ill;inipul_ff i(111:_.F{Ir _:_;11111_1¢,k¢_ ¸:_[r_)k_ ',_ILI_II¢_".
t_lur¢_) W;L_ ¢r¢_t(_d, (h_ _nIir¢ _ri_t. _1_, ¢ll111_in_l and int_- w_r_ ¢(ided intLI a nla¢i'l_ ¢_rll;ll_ltl,.I that {:ltalll*Jd IIl._ 111_¢ -

_r_tt_d i_Iii _1_;i_l.-' sllr_ld_h_l:[. Da(;i illl_l( was IlrL_lll_tCLI ine111 iif dalai [lltlck_; in II1¢ nl_ll_lr _¢hi_1¢ ,._¢lil_rl, _hich ailll_¢d

C;llcLilalion:_ for all _l_Lir(:_; arl.' limited (in (]1_'*_ illl_Ltl '_¢r_:¢n_ ThJ'_ I_'¢hniqu¢ u_d il v_hi¢l_ a_¢ and iili1¢;ig¢ _r_i_h_JIl_

i[Ig I_ lh_ ¢_rr_I iI_I1LIE _;¢r¢_1_, _¢c{}_dirl_l!, _. ilrlly the' a_¢ct_d _il_n fiL¢Iiir f(_r _;Lc_l _ chi¢i{z I_1t_:, "rills. I_ollL_w _.lh_' i_llt_ld_lht_y

_,prcad_.h_el c_ll_, 'a{)uld n,:ed t_l he Cllan_d IL_ ',lLIdy cal:h of AP-4. _ (2). "rhi_. ¢aiculali_lll t¢clllli_lL[_ wa,, The _;Inl_ ;L_.

pi'_)j_¢_ al_¢r rl_ffi'.,_. F{_r _XalTt pl{:. TL_slud) r Ih_ I: fl'_¢Is _lt ch;u_¢ _, _,hl_'n ill E¢lll_llillrl_ I and ._.

T{__tl(zf[_¢_ Ini;¢, c_l]ly th_ ;li_r;ift _ll_rali{_n_* II_d t_ hi: changed. _ Ltll_¢q LI_Ill LIS¢_;_lf t_l¢ _pr_[_hh_l :Lf¢ _:r_ ¸ I;l_.t. I_ C_LLI'_:

Th_ _'al'ia[ hl_t; for o[_l_l" :_ourc{z_ may al_o h,_ _a_il)' _hangtJd, Ih¢ U.,_r _11a)'t.tllr¢ lh¢ r_,lllt _, _11̧i_r¢_iL_l _,¢_lleLllalio[i _¢¢Ii_111"*

hnwc_'ur, by simply scr(_llin_ It) the desired inpul slicer. :'_.f[¢r under different file nanlcs. Then, ;_ ch;m_c_ t_¢eur, the u_er

_[RCR^FTI ?_T-2OO EN_]NE TYPE1 _TB_-IT ] EN_IN_S k-I1

YE^RI 198G

_EL USE TI_E/OP_. LTO TOT. TI_E TOTAL F_
MOCE _LB/HR) (_ZNI PER YR, (_Sl USEO ILB_

FIGUHE 2 Aircraft enli_icms _ulculalio_ spre.dsheel bused oil AI'-4_
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v_.r_laaL[S_ I_nli_tdnn illXr¢lltl+ries iluly he cor11111etedquickly ;Irld etli -
v

ci_ntiy. I_lllis_it)ll ilt'¢¢ntt+rie_ ¢_ill be v;llu_lhl¢ i_]annhlg h,nh,

CQMM[RCIAL elll _ion hl_¢nhlr'¢ ;i tl_ed ihk,, fLl[Ure _2a_e_to hL, HdeqllljlUJ_AII_CRArI
FILl5 _nlal_'_ed ;tlltJ _d_o _t[hll_¢d the ill'.enh_ri¢,. 11) bu [npn[ t,r

projecl duci_i*m illakin_, /_J(holl_h I]le remdt_ _.h.._tlJdntll be

TA LlhUdhi plediC[ illql;ICPs (tli_*rl_r_.ion rn¢l¢le[ Ii_ i,s reqnired tilr

i_ WRI,oLes _ Ihal). etlrul,_ _,,rl_ be _,:en prl,jeet ;dtell ati_¢_, c iml_e_, fn,nlUeP_IIpp_r_ IIII_ e_'iMinl_ Cllli',_io11_.nlld CJl;llll_e_irt k'OLlllt_ide unlishiOll_ iI_ny
;ill i_e_tndied, The th11¢required Ior _neh ;111;in;i]_,_i,_in (lie

FIKAL_UHPIARY u_ ** I _ "_-'_ tl) tile [ILIliUlF_. itnd UI¢ nlicTtlconlpntcr nlethod_+hlgiu,, [Itu-
".ellted herein,

G(_[IIAL AI_C_Arl
t[_ 13_ AND MKITAI/V

. RI.:I:ERI.Z_CI{_

ru_ _ VA_IAOLIS l. I_m'ir,,tment,/II,mlhIJ,k. FAA Order 511:;114Federal

r_

,,I (lp( j f_l
I_.VHIIiOIIll.eJlllifti_tr;t11011.IqSS.

I 2, {'l_llrllihltlinl ol Air pollul+lllt I_+lli_Slolll)utors, 14111Ed I!PA
GROUND(OUlpIq(+ll.FUEI-I_IG_OOll¢[S,MOTO_ I_k'rhlrtNU Ap,42. (J/lice o1All J]l+o_rilillS.En_ir_lrlllletll;IJPr+I+

VEHICLI$*ANDSTATIO_AM_S_URC[5 I¢¢Ij_)I1A_¢IICV. _.¢s¢ ¢ TI[ [_J¢_iuk N.(',+ t_1_I.

FI(;URE 5 (2 n¢_I ua es R lit ;llrpt r _ I I I S I1 t+ r 5, Air (/:,lllt_ I*roc'¢<h+relliirChrih,m ,,llrp+lrt_mrd,_il' I.+,r_t'It,_<'_FAzx, I._¢lmrl No. FA..t..EE.P;2.21.Feder;d ..'_i+_ltonz_.dln,llnlta.
_pru;ldsllet, I nlt.tht)dlltOl_), lion. I_l+_.t.

4, ,'lll porl t il'//ll/.l'rllr I_ollllli+of,llod_'l I.r_er'_(leith', F,&A I_¢jlorl
FAA.I'_[).75.2311 Fcticr;d A_i;ItiOll Atll111111,lr;llhl11.It175,

Sillllq_/ recalls File proper spre;Idsheel, nln_eTs tht: rctJnired 5. An Air Phil, lion I,tpao,lh'lhlrh_h_ffv ilt,,_irp4Jrll; IUlaw I I_ L_.
ehange_i, lind r_¢;lletliates+ _J;llIy nCellarhl_. (2;111ILIIIs he e'Glj- J;;¢ptlrl NO. API'D.L47L). Nilliltnill "l'¢_lllli¢_dhllortn;tli*nl Set.

li¢¢. Sllritlgti¢ld, V;I., itJT.t.
unted quickly, t_, D, J. IJingarnim nntl L, E, W;I _¢ i,., ir Q rI IX',.t_ ,__Olt'lll._tnd'

ji_r ,.tit"/-_Ht,p('Jpl.rllliOtll --,_old_¢e Eiiitl MI+II_/tit +'_RO_)£ tHIIIl(if¢+r
('tl+h" [JOllllllt'lllllllOII, CEEDO-IR-Th.33. ('i_il ;itld Ell_irtlll-

SUMMARY mental EIlt.'ineering D¢_¢h)pnlent Otti¢¢. "l')nd_ll Air Force H,t_¢.
FI,, PJ77,

This paper presents suggestions tu o_er¢onte connilt)fl prtlh. 7...l_,tlltloll _'¢1._.dllll Siitlt'¢ 7_'t'ImJ o_q', _. ¢ Ill, tt/_h_. Lqer'l r;lmh, t++M(JltlLE3' .llnhih, Soitrie /:'n#ssh,r_ ._lodt+l
Ictus (pitfalls) ;trld iFcolnj)uter i11etlltldt)lt_g) to estimate air Office tll Air illld I_;Itli_llitlll,Ottic¢ ill Mobile StltltC=2_,ElllJ_itltl
polltltionultlis_Jons frt)nlairptlrts. Tllecomputer nlutJlt)doJt+[,'_., CIIIIIel ' ¢¢ olog, D so E o e ) +1¢¢ _ _.u¢ c.

presented may he used ill nn_.' airpnrt. Table 2 presents enlis- /'_llll Adlor. Mich.. l'JS4.
Sion flitters frI1111FAA certJlicaliun data iJl;ll should _.;l's¢ ;I *), ,thd,h" Sollrlt" EIIIIX_i<_IJI_tl'l++_+Filud J)oekllllClU. EPI_*.JIII)_)•

7_.1)1)S.O[lic¢ IIf 'l*rillhpOrlilllon ;irld l.;illtl U_¢ Pnii¢_, _11_1o i.
ere;It dual nf time nnd illcruil_e a¢¢ur;ic_' rl "el I e _ttldies. JlIenUll P 0teetMrl _.gelCY _ ¢ It/7_
Methodt_logies for determining Ilirerilfl tzlxi time alld ;inlo- IO. I, T+ WanjL L, A, Collev. lind D M, Rtl ¢, ,,|JrJ_orl t'lt'toit_ • r
mobile idle tinl¢ hnvc ;list) been presented. This _tlr k shtluld I'olhainrl ,Ihrh'l. FAA_AEC Agr¢cm¢llt number I)() I'-FA7p.V b

Ii_ip other lilt; ysts hv siv ng con de h u I n e tJ eft _r ill 223./'*rgtlim¢ National I.id_+lriltor_. Ar_Ollll¢. IlL. 1975,

coaducting sinlihtr analyses it) nllo_v quick efficient planrliiIg l 1. I I. M, Scg;ll. J, K. Kemp. ;irld p, L, Ihllniht_ll, ..I ,llitr,+l_tHpl_tt'rI'olhltton ,Ih+d¢lJi_r Ciiihan .4irlr+rt_ tltlll Air Irnr_¢ /hn<'_- I 'wr_
Illet_ods inld enlisSiOll (llVentories, Gr_i+h'. RePt_rl No, FAA-EE-SS.4, Federal tx_J;llitlll t_dlllilll_-

A cons.:rvative ;Ipproilch is suggested tt) ensure thul lilly Ir;nioll. ItJlgS.

problemar¢;iswouldbt_identified. Forexan_ple. iftheproject 12. W, B. Peterson, Uler'v (_lltdl+Ihr PAl+--.4 (;+,l_ia_l'l_hmh ,
;llterllatives hdd shown great differences or if II(lllCOI]lpli;lltCe .+llgotithltl fiJr I+Ot_ll,Area lnul I.hie ,_i+alrl¢_EP,,s..tdKl.l.TS.l(13.

Eil_irollnl¢llUll Prol_2Cli0nt++_e¢'* _¢_¢_C "+rallt_l¢ _ k N C .
with tim SIP had occurred, then a more detailed ¢x;lminatinn. Feb, 1+187.
and perh[lps dispersioa modeling, Wotlld be nece*.xary, 13. V¢, It, J)elerson IIser'_ (;tilde ]or III_VA }'-2, .1 Ill,hi, oil' +tit

A key f;tcttlr in eslimaling emissions is the ;nllt_Llnl of t;ixi/ I)olhaion Model _PA.htHt_-Stbttl_. Ei1_irtml11¢lnul I+rt_l¢¢liOn

idle time required for Ihe aircraft, Accordingly. great elfi)rl Agency. ewareh "" il [11¢I' k N,C, _. a_ tqSIt,

should bc n_ude IO quantify this f;letor, [f the suggested AP* 14, U,'r'+ .th,i,al ]br flinch' Sollrce rCRSI'[J¢ ,t ode EPA.45{12.77.(11_. _ll_ffOl_fll=_fluilPrt)l¢¢lion Ag¢lleV, P,¢seardl "l'_J41Lg'Jc
42 leCll_iqllt:S ;Ire used n[one, errors mil v o¢cnr hee;Lusu of P;l_k. N,C.. ItJ77. " "

(a) outdaled emissions fllclo_s; [nld (h) excessive idle tinles 15, R. L, W;i)son and W, Bt)_lb). IIl_¢nh_r?.ing Airport Air pol.
hnsed on ;I very large, congested airport, Aceardingly. the IuI;Inl Eli =_oils. JOI rffcllof Trill :_]I+Jrl / IJ" t_ ''r I q _*'oi,

melhodt)logy and emission factors of this paper are t _ouell 114. No, I. Jan. 1')88,
16, Lolll_/.2. t Rt./+ren '+,_',tort_ [, G + "tg 5?<r ' I Q ic_ R '1'r +me

to give nlLICII mor_ rgasonabJe results, l)iiks. 4th ed. LOTUS D¢_¢lopmenl Cofpt)raliorl C;llllbridg¢
FAA computer tools avaihlble to file analyst are not meant Mass., Itl86.

primarily for emission inventories and require extensive d;lliL
input. The authors have found Ihat the use of LOTUS I-2-3

spreadshe¢l lemplates alh)ws quick llrld efficient e_timates of Pub ¢cttlotl i_/ I s i_aper fflnnw_re I bx Commille¢ +nr _'romlr_rt,+u+,r
changing criteria Ihrough data stdrage in inptn templates, and Air Q,ahB'.
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Environmental Impact Analysis of
Transportation in a Rapidly
Developing Urban Area
P. A. KOUSHKI

Tht' en_irllnnlenllflinlgtu:l(JrIr_ln._gt)rtndml _.__tL'lll_Illl;lit Ilulllit) ptlbbc '_,attitude_, to_;ird (/5./fi) and r¢'_pt)nsu'_ 10 Illtse ell_i-
alld In_l',et ='leh l',,n_d._zt'd YqJrttle rapllll.ţde_dl_pinl_tallital ¢lt.t ronnlental iJnpacts of tran_lporl r,y_teln', (17./,_.1c_t.
eft Itl_,mtlh .Ht_tidiAr_Lhiu.hi _lllllifl_31iIn ilUmit.ring .tfl,,e _Lrlql In tb¢ Kingdom of Satldi Arabi;i and Labor nation_ _ḑ die
i:_lr|ll_ltnlinnJxldi:diJrblgpt,i_koLnltlc}fl'-ile_lkbour_;_ltb¢_ily Ir_l_̧. Persi_ln Gulf. die rate of *.ocill-e¢ontlmic and infra,,IruL:turld
e(etl tlrban _r terlub,,phy*,h:al,I,umtil_, tr_nle _t_llnne,u;Itl tr,_t'l tlevth_pmcnt over the he, t dec:ide and _ih;df h_ls hcen IIf_l_;_r-
speed dat_ _:r_' _l'a_odl¢':tt'd _t '_tu_lyh_catbnt_,.FhuUltl_,Indt- _llleled in tile hb,m_y of the mlldern world (20). Fronl ICJTI
cllle(I thai trafl_e.l_t'llt'rt_t_dI|oi_ II;l_lcarbon nlc_no,_bluulr ilol. to 1987. t]d_ d_vclnpnlenl hat. directly _dlettcd urbanil_ticln
Iutbln _=/r_In t._t'_ of p_rnlls.dblt, "_t_lll(ILIr{l_I)) a el)ll_l(lerllhlt_

• Int_rldn.Both tr_llle roluJIl_ _nd travel _,p,:t'ddeni_nl_tr_ited_lg. and mobility trend,=in tllese nation,,. Tin: popnbttion of _i_ltlll
nifl_ll and po.dtlrt, c0rreg_don_,_ltb tht*_lrh_u_,_,tathflt'alrot.if, grew frnnl 351)dJlll_to 1.3 nldlkln (211. Tile nutllbt:r t_f reg.
_ure_ .r trLir/'lenohe, Trafl|¢ vidtnne_ _lnd velln:llyullll trafl_,: istered vehicles ill the khlgdonl ab.o increased Illore dlan 30
_,pu_:d_ere =tl_l_sll01_fl_:undye.rr=:lated _lt_ ¢llrbon nlonotdtle time _,during the _anl¢ pedod 122I. _n i_er_lge _andi house.
cctn¢_ntrafli_n!i.D _gl)t'ar_ tbul r_lllid t_rbzlnb,_tlon, Intrt,a_d hold in [,Liy_ldhowns ne_lrly two ;lUtO_,and makes int_rethan
nllJhigty Lind file f_orhlg of prig'ate trtnl_pnrtalb_ll nu_d_ by e_h _-'e cetrip*,per '¢fnratol oflltarl_cJOk oftr_l_e
r_l)on_*,fl_(eauthorltle_ h_l_e_'olnbinedto _:reLlte11'_,hlngle_nlIIt'tl-
atlvc¢bllpucl on tb_ tlrllLnlt'nvironlnent, Finally, tbe I_fllt'le__3r 12.3), _ m_ljllr arterial _treet in tile city ccllter ii_ay carry,̧ an
IIIlflgafl.l_the _(1_t'r_ dTt'et_,or tr_l]l_:illJl*,et_nll=firp_llution In average daily trafffe volume of _ell in excess t_f 15_t.0ilt_vehi-
de_'el0pednathm_ urerevie.ed, undtbdr upplic, bllltytothe ear., des per d;ly Ivpd) (24). A large percentage of the_e d;dly
or _OtltllArabia is dh¢ll!**_efl, traffic '¢n[ulnes consi_t_ of station wagons. ¢_inibur.e_. buses

and heavy commercial vehicle_ (2J), Despite these trenlen-
' This paper reports on tile findings of two research projects dous increa,,es in tbe _ize of the urban poptdation, tile vehicle

aimed at una[yzlng tile environnlental impacts of Iranspor- fleet arid d;li[y travel, rccenl rc_ezlreh concetning tile en_i-
Cation in Riyadh. tile rapidly developing c;_pitnl of tile King° ronmenlal imp;_ctol transportatinn in the kingdom is extremely,,
dora of Saudi Arahilt. limited.

Over the last two decades, tile en_'ironmental ilnp_ct of This paper pre_ent_ the findings of two funded research
transportation in urban a_eas has become ;t major public coll. projects designed to monitor and nnalyze traffic carbon mon-
cern inwestern industriulized nations and. as such, has received oxide (CO) ;_ndnoise pnllulion in Riyatlh and to recommend
increased attention from federal, _tate and toted government_, policies far mitigating the adverse efl_:ct_of tllest_ pt_lhltants.
the priv_tte _ector _nd the public. In response to Ibis growing Tile objectives of these studie_ were to: (a) monitor CO
concern, governnlent_ and authorities have commilted con. and noise pollutitm levels in henvily-tr_veled arterkd ro_d.
siderahle resource_ to control these negative side-effects t)f ways in Riy_tdh; (b) examine tile contributing power of tile
transportation, and tile end resub ba:i been successful to a causal factor!for traffic volume, speed and mix, roadway gen-
remarkable degree (I). metrics and meteorologic;d charncteristict on these pollulant

Air and noise pollution constitute two of the mo_t critical levels; and (c) review and recommend mitigatioJ] pt)licie_
ar,_as of _he environmental impact of tr_nl_portation. Through _pplicable to urban areas of the kingdom.
multidimensional and concerted efforl!, to improve _nviron-
mental quality, the governments of Western nations have
established laws and regulations (2,3). Researchers h_ve ide,-
tiffed _ources of these pollutanl_ and Ilave developed men- I':XPERIMF._'PAL DESIGN
surement methodologies (4,5.6) _md predictive nlode[_ to
determine the future impacts of these substances (7.8,91. Fur° Eight locations were selected for CO and noise monitoring.
thermore, they have examined the assumption_ (10) and tell- These roadway sites were chosen oil the basis of frequent sile
abilities of lhe_e models (11), and established design methods visits and discussions wilh lraffic officiul_. Location, hind-use,

and expert syslems for the mitigation of tile_esuh_tlmce_,U2,13) and physical data were cotlected, and traffic volume was men-
and for policy analysis (14). Finally, they have addressed the sured contint=ously for a period of 2 weeks at each location,

Traffic _peed was also measured during 6 peak hours spread
over the study period (1985-1986). Table 1 presents a sum-

CivilEngineering Depattrnern.King SandUniversity.P,O, Box 8(X), mary of tile land use, pllysieal, _mdtraffic characteristics for
Riyudh11421,Saudi Arabia. th_ study arttrials.
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TABLE I LAND USE. PttYSICAL. AND I'I_AFFIC CIIAI_.ACTERIS'IICS (11:IIIE
STUDY Al_.'l E RIALS

A_tertal _.'_Jox' Approach _td_lk Street Peak-_our Poak-ltoui" Yonltorin_
I_a(_uy lamd Use W/r_th Wtdth _peal Volumu $pe_

'_pe (mr (m) Ib_tto (_ph) (kph) CO l_blne

At=l_thn C_nl_r_ial / t_.l) 4.8 0.5 ;1630 ;_2.0
I_)_ldent lal

_.I =.llm'_!,lh [_v)l I t2.1) 4.5 0.1 ?t24 2].5
I_sl(lent lal

Al-_a_hl_ C_m_o_'_t_,l/ 12.0 5._ 0.5 (1751) 17.(I
I_nldentlal

At -_ lilt _v'tl 11.5 4._ ILl _68_ _1.1)

Al-_a_leog C_v'tl 7.1) t.5 0.1 4388 _1_.[_
C_m*)r_lal

AI -A_Ole I(_tdontlall 7.5 4.5 U.8 403fi 19.1)
C_nnei*elaI

Al-_dln_h _'elall 12.o '.).7 0.4 _l)4d _3._1
I_aidenllnl

AI-Senaotah I_:_atrl_l! t3.(I .%0 ILl 430? _.7.(I

Traffic noise was measured during 6 hr covering the morn. way. Tbe nlain reason for 111ehighur noise levels in Al-Batha
ing and the eVerling peak periods and the elf-peak ht_urs at was Ihe h_:;,ti(m era steel flyover ¢onstrucled it) permit dlrough

each location. Noise levels were recorded al I-rain intervals traffic tt) bypass the _ignalized intt_rsectit)n wilh AI-Khazzan

using the Bruel and Kjaer S_und Level Meter Type 22(19and Slreel. In additinn to the reflective noise, the through traffic

the Sound Frequency Filter Type 1616. These inslruments over the flyover truer.Is at a high speed, even during d;dly
were calibrated before each monitoring periud, rush hours.

Carbon monoxide was measured at each location during 6 A _ummary of tire L,,. L,,,. L,,,. L,,, lille equivalent _ound
p_akhoursspreadovera3-monthperiod(Oclober-Decemberl level or the sound pressure level of a constant noise tll;,t

ill eIIch yeaF. Concelltrution level_ were recorded three times p_duces the _;n11¢amounl of acousdc energy o_er a give]l
at 5-rain intervals during peak hours. Concentrations of CO time period as the actual n()ise varying aver time), Lw. Ithe

were also monitored continuously for a period of lit-15 days noise pollution level) and TNI Ith¢ Iraffic noise indexl for

at each arterial. Ecolyzer Series 2000. togelher with Rustrak three monitoring periods and four study sites is presented in
Recorders Model 288. were used to monitnr for CO. These Table 2. It is imporlant io nt_l_ thai traffic noise was generally
instruments were also calibrated before each measurement

period.

,.--- " / l°,,

TRAFFIC NOISE

Analysis of noise level measurements indicated that traffic _o

noise was quite high at all locations and during peak and off- _0peak periods, Noise levels ranged mainly from the high 7Ih

location.t°Ihe low g0s, and their intensities differed from location to ./ //'/ so

,;:¢'/:A sample of the cumulative frequency distribution of noise , /
leech for the AI-Batha and the AI-Washem arteriuls is shown _0 o_

i.Fi,.,o,.Noiso,ove,,i.t,o l-.athasito.uo,=dfrom//J t
peakalow periods,°f81 dBA to it high of L,n,96dBAL,,,,during peak(theand off- t'/ )0The values of and L,., sound "_j
pressure levels exceeded 10. 50, and 90 percent of the time, -_'_'-" _ I 00

respectively) were 91.9, 86.8 and 83.1 dBA, respectively.
At the AI-Washem site, noise levels ranged from a low of _01SE kEYEL (aBA}

66 dBA to a high of 95 dBA, As shown in Figure I. this site FIGURE I Cunlulalive dt_lrlhuthm of nohe leech m Al-Ilntha
was considerably less noisy, in general, than the AI-Balha road- and Al._tCashem.
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rAI3LE2 SAMPLENtJlSEL_VELMEASURESArMAJ()R
AR'IERIALS IN RIYAI)II

Stud)+ P,bnttarlng bl_lae1+gvelM_asures (dr'A)
Stto Tinm Period

L L L L 1+ 'tNl
I0 50 90 eq NP

pk)_'t+irill l+oak 11:_ fit A4 91 97 H_
?,]-I_ thl+ (+ff-p+nk 91 Phi H3 In) +t6 HG

l_vn [r_ Ptmk 92 H7 83 !H 97 tit

!tIpftinlt I+_+ltk BIt HI 7i+ 84 92 H,I
•Xl-Washl"m (Iff-pmik 83 7H 72 B2 91 81

l_+,nln_ P_lik H3 7!} 74 kCI ql fl_

P,k]pnj It11Pt+tlk +¢7 8_ 7_I d5 93 83
_] -Sonil/I_lib ()ff-p,mk _5 Hit 74 H3 91 fl_

l_v_,Jl j ll)+ Peak fit _O 75 1<5 96 94

llOrlli _lgPellk H9 R5 HI) 89 96 f15
AI-kl_ah'oj O_r-l+lJll_ +2 77 7_ _1 A_ 77

F:veni++gPeak 87 H? 7_ +5 9_ 83

#
very high during _orking Ilours at all site_,Thi_ is clearly in particular, the lifestyle and the consequents';iriations in
i_vident froth the values t)f the L,,p The /+,mrlntged doll1 u [ra'_elhehavior LlSStlll]ea qgnilieanfiy different patb2rndlan
low of 7"_dBA (uff-peuk period) at the AI-Wlo.hcnt _ite t_}a Iht)sc_lf urhnn ilrea'_III industrhdizcd nation_.Instead _f lhe
high of g4 dBA during morning peak hours ;it the AI-B_=dla two typical daily ru..h hours (start alld end el daily _u)rking
]Oealh)u+ hnufsl exp¢_riellcedin urhan ilreils OfWeslufn nation++,tr;ifl'i¢

Tile L,_ was alsocalculated for eucl_monitoring period, patternson n givenday tulb)w four p_akperiods in the:king.
The resulting L,,_values rnngedfrom u Imv vf 81 dBA at tl_u dora's cities, The u_ualmorning peak istblln_cd hy an early
AI,Khuleej site tua highof 91 dBA at tile Al-Bathu location, afternoon ( l :(HIp+m.-3,,(Htp,m.I peak corresponding to the
Tile k,+ values remainednearly {:onstant ;11all sit_swith the dosingdown ofcommerdal uctivitics and dieendof file _ork-
exceptionof the AI-Khah_ej location, where fluctuations el ill_day for govcrnmcnl agenciesandeducationalinstitntion_,
traffic volumes betweenpe;tk and off-peak hours _ere the The third daily peak occurs ;it d:llt) p,m,-._:lHl p,m,. _qlen
nlOSlpronouncedof afi sites, conu'n_rciuJand pri_ate._,cctoriflslitutions re_,un11_ their _ec-

In termsof assessingthe effects of noiseon humuns. L,+ is end (evening) _ orking period. The hlst. andusually the hcav-
on_ of the most important nlt_aSLtlC_Of environlllenlai noise, lest. daily traffic pe;_kis around14:g[)p,nl.-thlt(i p,m.. _]tell
becauseexperimental uvid_nc_ suggeststilat it accurately the daily working hours end, Clearly. this puttcrn of daily
describesthe onsetandprogressionof hearingloss.There is travel significantly affects the impact of transport_[tionun the
alancnnsid_rablcevidenc_that L,_ nlea_llres human annoy- urhlln Ullvironm_l_t,
anceattributable to noise. Table 3 presents th_ resultsof tile correlation unalysispe¢,

Also presentedin Table 2 is the calculatedvalu_of the L_p furmcd on trnffic volumes, travel speed_andstatistical inca,
for eachmonitoring period, The k_v valueswere generally suresof tfalfi¢ noise.Both _olunl¢ andsp'.'edof tralfic deta-
in lhc high 9Us, indicating the "noisiness" of major urteria[ onstratedarelativelyhi#l positive corr_hltiunwith dle stadsfic_d
roadwaysin Riyadh, The Lvv was less than g0 dBA only measuresof L.,. L_.,. L,.. and tile I.,,e 'rim coefficient of
during theoff-peak ho_rs at Al-Khnlcej site, correhttion betweentraffic volume andsp_ed, however, had

The TNI. which records the frequencies of intruding single- a negative sign. indicuting a fleercuse in travel speed with an
event noises such as the sounds of sirens, horns and noises ificrcas¢ in traffic volunlc, aS WaS expected.
from beavy trucks, again indicated that although the noise
levelsduring an) +period of study were gemrally uniform, file
intruding _ingle-event noises were sufficiently flequcnt to affect TRAFFIC CARBON blONOXIDE
the value_of the l-m (the highest-intensity noise levels), Tills
was particularly title at the AI.KhMeej roadway, which is The pcuk hour distribution of carhon monoxide coflcentra-
located next to the blilitary tlospila], lions indicated that the levels of CO air pollution at all sites

A comparative analysis of Ihe TNI And the L.+ noise levels were gcnerafiy above the standard limitr Th* Saudi Arahiiin
indicated that the TNI value:; are mostly larger than the L., Air Quality Standards (SAAOS) limit the concentrations of
levels. This reflects the fact that although the noise levels carbon monoxide to 35 ppm. for maximum l-hour exposure_
during any period of the day were generally constant, the and to 9 ppm for maximum g.hour exposures (26).
intrudingsingle-event noises were sufficiently freqtlent Iv affect A typical distribution of carbon monoxide concentrations
the values of L m.and consequently, the TNI. during a peak hour for the IWO study perinds is shown in

It is of particular imporl_nee to nole thai in urhan areas of Figures2 and 3 for theAI.Batha and the AbJameah roadways.
the MiddleEast ingeneral and the Kingdom of SaudiArabia respectively.The CO levels represem the average levels of
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V;nri.i_l¢

Vari;d@ I.,,, I .... I.... I.,, _tll in .pccd hi

L.., I II(R_II ,L_lbll f'nh5 JI7_
I..,, I q_l ¸15¸14 !331

A_g._[t¢'.'dhr I_111111_

S_ulc# C_lnle;line SiX p_:ak hour puri_ld,, lllOtlitorcd ¢;1¢[I_[l[i ]'llu ¢ollL'Cfltr_t-
t_as .... Side_.oth kim*t tiorl_. _lf CO increased qi_htly during Ihe t_o study pL'riods.

I_e_ ..... snuff. ¢.nl*,ine This irlerc;i,_: in CO ]e_¢1,*i_as [11lill_.' _ ill1 Ih¢ ill_.'rca'_¢in ihv

I00 .... 5id*wGl_ Limil llulllhur _]l' vuhi¢lcs hi Riyadh [27), The CO k_l_ deCruased_ign fi,:an v w t il1_.'rcasingdist;11¢_ n] life M)LII_2,

,_ _0 The: variations in lilt: p_[l_ hour CO di_lribu i_ns are 111[ii_l •

ao " ' • illtribtllal_]c IO flU¢lllilliUll'* in lr;lll'J¢ _ollllll¢ and lJlllJllgS _)_,-.--.,.
_0 /" _.._./ _ _ ...-" Irafli(z si_Jlaff, at tI11_:_:lld ill' lh*_ ",llld) :,¢CtiOl1_,'['h_ ¢ol1_,llU¢-

alld Ih;ll !d Ih'2 [)llgohlg nordl-_t)uljl Cr_lss.lowll ¢_.prCss_ay
in i'_;lrlicldar. [1;l';tt r¢_ulled in nlllU_rl)ll'_ _]10[[" _l;Id hlllg-terlll

'.a_ ir;d'I'k: d_..tours, c;lllsillg a _hill ill vohmlc at t_r in IIi_ _icillily

_t' the study I_¢;lliolls, Ill adtlilitln II1_ linling _f t11¢isoIalCd
Iraffics_z s rot_ o u'¢ v sfrc I ¢ ' v dj s¢

..._......-'.-_, _.._..._ (by tnfffic olfi¢i;fls) Io a¢¢omnludal_ _arialiuns in tralti¢
I t ' I : _ _OIUIn'_ allrilllllahk' to detours or Co]1_c_*(it)llduring p_ak

00 I0 _0 _o t.0 _0 _0 Jtt)tlrs, or both. kloth f_l¢lors tllily alfv_:l CO ¢or_c_.'nlralions
TIME (Minute) Sigl_ifie;rally.

Faclors of wind direction and '. k,Jot'it) Itlay _lJ_t)_,ignii'ical t]'

]"|GUIIg Z P,_lk htlur dlslr(1)ulJl,l or c_rhon contribute to I]I¢S¢ v;iri;itiolls, AII;II)si_ of wind d;lla h)r thel_llil_idL' Cllllcl:nJrlllJlln_ ul/_]-l_lhLg,
I_(_ _lLLdyp_riods, for exampiu, indicated Ih;_t _fllllnugh _ ind

_elocity varied b¢lW_Un 5.¢, and ]i'L.¢, km,hr lit different nlon-

itoringdaysduringfl_cfiststudyperiod lclangu_ "on 9
Iog.3km/hrindl¢s¢colldstudypcriod. Th¢d ¢cto o _ d

. r Ivas never 111_sam,_ (o any ¢orn.'spo d g 111oriihlrillg day
s_u., ¢_._ir.e during lhe W¢o _ludy periods (2b;.29l. Muasuren en _ (_" b _:k.

i _Is --- si_*,._ Li_i_ ground CO le',uIs ;It a farm 75 knl fr(Im Riyadh il d ¢[ I¢d
--'-- _aurleClalefti_ []]l_ Jt)_._II1:lxinILllll l-]Ir alld ;_-]Ir ¢on¢¢Hlr;lliOltS l_,:r¢ 2.4 iliad

100 19_1 .... $1d,*_lkLimit Ii3 _p111,r_CCIi'¢_Iv.

Tile result Oj" I_L) I_CI.'_SOf ¢_lllli/IUOIl_* monilt)ring of CO
o 80 lakenalaheighlof3111 sidewalklinlil alea¢ll_ludVseclion

i _ 70 \ also indicated th;_t lit,: maxinlum _.hr average concentration

_ \,_ 1_. _. ofCOexc_d_dtheslandrrdlimilbvasul_tmtal argi ;
I_C , all Ioealions. The 8.llr levels in AI.Jameah r;ulged lr(.t115 to

i o 5C I'\. 31 ppnl for an _urlge u .. ppnt, The CO mean g-hr con.

: _ 3[_ Th¢cullu; vuf_quencydsrbu n c rvc_._l'¢_n m_) s

\ _ /.,.-" "_.K ¢0 ,,easurem_:nts _or d,_ ,\l-Jam_:ah and AI-A:,eer :,_:cli,ms20 .._./J _k. arc shown in Figuru 4. These dislributkms illdkat¢ ihat l[l_

--'_'.,_/./'¢"_....j./__ "_' CO concentrations in Al-Jameah hav_. i+I general, a higher
10

prob_bili(:,, of exceeding a given luvel than those for the

00 I01 20t 301 401 r _o_ _o AI-Aseer roadway, especially at higher concentration le_ds.
For example, although the conc_nlrations of CO at Al.Jamea]l

TIME (minute) uXceed,:d 22 ppm 50 p_rcent of the time, those: at Ih_: AI-

F'IGURE3 Pe_kho_rd(slrlbullunaffcarbanm(moxIde As_¢r roadway wurclesslhan 15ppm. Thediff_ru[tceinth¢
concenCr_llm_s,¢ ,_.l-Jume_h. daily CO concemralioll distribulions hul_u¢n lc A -J ¢
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and AI-A_e_r rtmdw;l"_, it_¢llu_d i1111inlv.Iiv. lwtl faultily: thc illdicaled lh_ll v;triuhl¢_, o[ Ir;lffi¢ v0hlm¢, wind _pc_d _Lnd
u'¢¢r_Lg¢d;Lil_/Ir_llIl¢ _'tlLtlm¢ ;_nd the _dl'c¢( ;1_1_{I¢I_';lli(I (tile tTltffi¢ _[}¢¢d denlol],_lr;llud ;i _;igllifi¢;llll ¢t}rr_latit)rl wilh II1¢

ratio of bLdkling h¢i_hl tt} _tru_t wkltll). ']h(_ AI-Jan;¢;_h road- I_v¢ls of CO eml¢,Jrltratk}t;_,. The cuetfl¢i_nt cff ¢{)rr_hLti(in

wa_ i_ a 111ai{_ ;irt_.'ri;ll ,_L:fvin_ a variu1_,,tlf ¢()nlrll_:rl:i;ll, edLI- b_twu_:n {he pl_Lk hotel [l'_ll"_ic g'{)hllll_ ;l[ld nl_[lll I.ht}Llr CO
4:;It{oll_lL, ;Ind ru_,idetllial L_lndLl;_¢s.In addilJnll, it _¢P.c_ ;1_._l ¢Cll)(:_IrlL1it}ll_; _,';Iri_dfrtlm a It)w tff ,3t) ;ll .'%[-Jarll¢_dl. ill Ji4

link CtHlilCC{illl_Ill{: rlc%'lydevduped di_triEh in II1¢ Iit}rlheaM 111Al.I]atha. a_ld .71 at lh_ AI-A_r ;_rt_ri;ll, 'l'ht_,e fl}r th_

of the ¢i1)' t_ lhu CI}D arc;L._'_S_,UCII,lh[_ ;ITleriUl folldWav 111¢a11Wi;ld vl_h)cily WUl%. - .2S, -.4(i, alld - ,5_ for {hi:

nluv_, large vt)lurll¢_ of lra[fJc thr0ugllout IJl_ day. AI-A_¢¢r [q.Janluldl, AI.Batha, ;llld AI-A_u_T ro;idwa}t_, r¢_pucli_uly.
Stroll on II1_ olher 1mild. i_ ;[ ¢olk.clor '_urviu_ ;i illllinly The c(ffru]ulion ¢{}¢ffi¢i_nl$ between traffic _pced and CO

residential dNIri¢l with high vaULtn}u_ t_l Iraffi¢ during tile daily I¢_el'; _¢rc - ,21 fl)r the AJ-JalllUnh, - ..'ql t'(lf the/_l-JJalha.

ru_ll tlLILff_,;ffld low voJu111¢_,of [t_¢ul If;l{_iE durill_ tff[-peak ;rod - ,J3 fat II1_ mI-A_¢L'r [_T[_:riii[,"rile IlU,_;I{i%'C _i_lI% [L_S(I.
i ]lira r:_,The _;treul kl_ilu_:(f;lliL) flit t%,l*A_¢r Streul i'_ al_o ¢i_hl CiaIlld _.vJth I[lugt_¢ouf f[cJenl!, t:olll_r mud I_ expet:Hdionr_. IIo(h

tinles higher than Ih_ll of AL'Ja_]l_th Slr_?¢l (T;d_l_ I 1. ll';tlfiC speed _l{ld wind '¢_l(u:i1_,'denl_ulstralud ;i nugad_u r¢l;_.

The mean CO conc_nt_;,lkms measured during die 1{)_5 lion,hip Wllh et}llccnlratiol}!, of CO, Jndic;_lin_ _l [_0uctitlrl ill
arid 19S6 study period_, were _,ubje¢l_d 1o a _i_llificilncc t_t,l CO I¢v¢1'; a_, Ih_ _,'illuc Of thehc vagi_ll}le5 incrc_t_d (31},

to d_tl:rntJrl_ wh¢lher lh_ Jncrea_,_:_ill dueruastt*_in 1hair I¢¥1:1_ The erT(_r a_,_(leJatcd wJlh [lie _;]lnple m_:an .t CO wa_
_r_. statJslicalJy _i_nificar)l (._0). A_i pres,:llt_d in T;iblu 4. the uaJcu];ited ltrld a I11,_a_ekll_t_denc_ interval wa_ enn_lructed

inepJ_lsesin :_{)tlrce-celll¢_lin¢ COllc_rllr;iliL)liS al t_.L-_}alh_l_l_ld usin_ lhl_CO N_il]lplesizt_, ILil_mC_lll _lfld the :_Hllld;ird d_:_.Jh-

Al-Jameah. and the d¢¢rt_{is¢tin CO [u*,,ttJ5;Ll AI-A_eer over liOll for each sampling location. I:tlt ex;ffnplu, Ih¢ urror_, ascii-

tile 2-year period were not signiflcur_1 at the _J5percent _ig- el:Red with thtr 19_5 _ample CO were = 1.7, -- 1,4, and -_1.2

nificance level (ct = 11d15). ppnl al AI-BMha, Al-Jamuah ;lrld AI./'._,cer, rcspc_tb,,t:ly, The
Anldyses t3f ¢orrehltion_, pu_'forfll_d 1o detcFnlil'l¢ tlc_rt_c_ IrLl_ 1_1_2_111CO t:tlrlcentlqltions ul AI-Batha. for t:Xal'_lple, fell

a Of linear ILSSociilliOrl I}_[_OC_ICO hzvul%{lll(J eau_,al _llghlrS, wi{hi[I a faille ofS_I 1ofl-_ppm 95 peT¢_nl LIf111¢liflle. B_CILU'_C

IO0 ,.=

i '°
6O

_ 5G

I_ 40 S
3 0 /_.-J

%0 l .... _{.-ASE£R

MEANCO¢ONC_NYRATION(ppM)

FIGURE 4 Cumulallve dlslrlbull(In uf carbon monuxide concenlrMll(ms ill
AI.Jameah _nd AI-A_eer.

TABI.E 4 TEST OF SIGNIFICANT DIFFERENCES IN MEAN CO
CONCENTRATIONS ( 1985-1(/86) 130h

_a,t er lal 1985 1986 Cnletalated 11_. Test
llootblay Z Value IIo= _1 = _2

"1 al "_ u_"o_ .:

Al-I_atha riO*3 IO,l 216 58.8 10,3 10B 1.4 II = I_jeeted

M-Jam_ah 48,4 9,4 216 54.6 R.L 108 ,3| li _ ]bhJooted

AI-A._eet' 50,8 9,6 21g 57.5 1|.7 L0R -l.fi II _ R_|eeted

NO11_;9t fer_sl i1i_itLP_¢,¢1I_l {a . ,O$1
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t)( I11__ri1_lller ',_llllp]_ _i/_:. lhe IDYll C'O I¢V,21_are ¢il;tr;l¢lef. lh¢ sl_nldilrds, and _I _r¢_ller illt_nliilll hl l_tli_¢ inl]llu:ts in
izet] By sli_hlly I¢*,'__i¢¢iir_iI¢ ,,;in11_Icnle;up, lll;il) lliils_ ill I_:_ ¢lhl_1_,hlgI]I¢ rOlllO ;llld _a_,i1ul ill ¸ J1_w ril;iLI_il_s 132). The

;II _II[ ,_ttzdy_Irl_:ri;lls. f¢_t]latii_n'_ reqllir,2 lililt lh_: ItlIi_l_illg l_lehlr._ he ¢lUl'.idered

dnriug lh¢ ]_l;l_)llirlg_llltl de_,i_n pila_,,:',_if;_ in_tdll_y llrt_i¢,:1:
i(Ienliti¢_Ititln _ḑ Ir_tlfi¢ noiso illlll,let*,: ¢_,;inlinilti_in ;_I̧ I_II_II-

MITIGATION I'O I.ICII':_ lial nlili_Jaliml tnL.u',ure_; in¢orporadurl td r_a_on:d_]_ and fea-

sihle lloJ_.eiZlili_;llitll1111¢usure*, into lJlu ili_llw_Iy project: illld

W¢_lern d¢_ eMl_ed 11111i1111'_.lllrou_h their l_itlllee rill _ ill t¢ch- ¢_t_r,-liil;llit_ll _ilh ]11¢iiIol fJ¢ial', tt_pnwide ll_:IplLil in forlnilliOn
liilln[_i_..;d inllO_illion., and ulilizillion,,, llil_ pr_vid_,LJ tl1_: inl ,:_n11]_;llihl_ hlnd ll_ 111ar111illgillld _:Olllrld,

dev¢lo_illg ll;llil)ll'_ _ilil I_O _illllilHl: tlpi_orllnlitie_.. The ]ire- l]¢_e_lll_l_i'll_idw;lY nelwork'_ _iI IIIU_,I lllaitlr llT[1;In ilfe;l_, ill

vl"nli_ _: _qlp_rlllnd_- i'_IJll., llpllt)rl llllil _' I11[_:_lllll[onl iili'_lilk C_ tln: _.hl_dt)lll hil_ i: lle_:n¢_llllll]ot _d rl"cl_Iid_ nud __.'i_.f¢l_ Ii_.,_i
;nldJllal_l_rol_-iln¢llolJey_.l,:¢i_.inl1_.eon¢¢lnin_lh_.,;id_er_,¢¢lle¢Is lli,_]lWa_ are beirl_ hltill _ilhin l_nllul_Ltcd area_ l_ith dle

_i[ Jlll_.'ll_JV_ ll_ or lni_,u_,_ill l_¢:]11hl]tl_* * "l'h_ oJllfoll Diopter- ex_elllJilll ol file noJ'th-_nul]l _.'ro...,-lO_n ¢_.]ire,,.._'.ityin Ri_adh L

tllrlJlyisthi:tll_i_(iFlllUilyh)¢htlo!,o(_ilha nlJninllUlltlf r_our¢_: life eht_k'e ol r,2uJigning or d_pre_ing lhe road_ay i_ n_)l
_:llendilLlr_s) fr_ml illlll)ll_ il "_i:[ ill IC_i¢3d_nld _illtlill_Jd nlit- il_ilJJill_[_. Till: conPllru_:ifon o[ noi_.' [l;irrier', ;lhln_ d3_tn_:_i_

i_atilul p_li¢ie_, lhosc lhill arch_:sl .,uhud h)il p_irli_:ulur',tl¢io. ¢_iP,tru¢led [ii-[iiiii exllrL.*,_.way_ lU;ly, 11_ll_e_cr. l_m_id_ the'
¢¢olionli¢ ;Ind Inllili_:;l] en'_irllnrll_111, nlo'.t el(¢cliv_ lUl:;P.nr¢ _0£ rcduL'in_ Irilllic llOi_e ;liOl1_ lll_:,,e

'the:wid_pll";Id _le¢llrrel1¢¢:_ iff sinlJklr ad_u_l" ,.:ll_irtlll- ¢orridor_, where 11_ee_lr'v.

111_nlldil'il]_;l,.-l_,ill 11111nyo[ till: d¢',ehlpil1_ ¢llnnlril..,. indil:ille fll)J:_ harrier_i inilv lll,,i) b_ _:llnsllll¢led ilhll1_ Iii¢ ¢'d',liU_
th;ll lll_fl_(lUllilt¢3l.V. X';lJll_lbllJ ild_-illll_l_* tl_ ll1_' pr_:_¢ntive _te_:i 11%(iv_3[sLind hridge_ _ithin tlrblnl ;ID.+;I.,.'l'h¢_ Llrh;lll

olllnlrtunil )' ll_iX'+),_:l Io he rcali,,c:d fly lh+s,: nalitll1++ 111_pile ro;id++ay .,¢¢lJt11p,cltrr_:1311y,:xperiene+ 11_ii_¢l_'l+Is Milch dl
lit' _:Ve rill ih.+l:_ide_;_if ild_*'ill1¢k+I_;irnin_s. Silldl_i/nli',l ;tk¢_ ;ire exee_,s_lf lhe p_Jrnlilt_d _lilndurd,_. l_.ll_:llVe noi.,¢ haJri_.'r,,¢;in

being repe_llcd. "rh,:_il3_dDnl has _lS_lll]1_d_I pioll_..rill_ role reduce noise levels h)' III I(i I_ dl], liler,:lly L'UlIilI_ lh_.'hllld-
i/I lhl: re_ion by lilkJl1_ ",lel)_,Ill COlltl(l[ l]I_3ad_,:r_¢ ¢II_:¢t_ ii[" 11_,_,Llf rl)_ldWa_' llOJ_*_ill half.

IrallsporlLllion tln lhe _-'rl'¢ifflnlln:111,
Miligaliur_ and eff¢clive ¢onlrol t_l the adver_ el[e¢l_ of

I rMfic llOiS_ al_d _lir pillludtlr_ r¢iiuire approaches lhal in nl;uly Lluld Use Conlrnl
respects ;ire CUmldemenlary, A mitigalitm policy _uch _t_land

u:_ cOlllrol, Ir_ifti¢ nl_lnil_111_nt, or Irun_.Jl promlnlt_n lh_lt i_, L_lnduse ci11_Irt)l [_i¢ont'_:rned prim;irily _il]l c'_tahJJ*dlin_ ;end

dit¢:¢l¢:d to_vilrd o11_ type of ]1ollulion ol_¢n nlinimiz_.'s lhe enforcing r_nlztlion_ on land d¢3'¢_ll)_111_nl,_¢i dlill noi.,l'.-

ll¢3gllli'v_ illlpn_.'l_;l_f till,' Ol]l_r, _;en_ilJv_:l_nld USes ;Ir0 cilh_r prohibiti:d 11_:_lItl ;i ro;idl_;l_,.
Control ;ipilro_tch¢_; nlily b_ gi'ouped i111ol]_e eati.._orJ_:s: or _ll lhill d_eIi_i_m_:nl_, UT_ _IIilnl1¢td. d¢:_i_u_..d, illld ¢on-

MrU¢l*.:d in i_ Wil_,'l]l[ll ininJnliz_..s h';l(lJ¢ lloi**_ illl[lili'l:_,

I, Sour¢_ emJ:i_ion ¢onlrol hi d_v_:lllped nillion% conl/ol of klnd tl_c d_.._cll)lln1_..lll i_,
2. ]nll_l'oV_d hJ_JlWily d_:,ii_ll noi_,e barri,:rs illld _l_¢_lillion nlilJnI_' lhe responsihilily of local _o%_[llln¢_[ll_, Ill _;tlldi AI_I-

3. Land use ¢llnlro] bill, however, tl1_:ung'i_Ll C_lllr;d _ovcrlln1_nl _l[tlClll/C i_ llC_l
4, Trufii¢ l'11;in_l_mltnl alld transit p/llnlDlion sidled tD the appliealion _f dlit, nliti_ation in_l_llf[J 11_c;lll_l..

._, Public udneali_m program] di¢ burcanera_y and red ta_le invob'¢d in deMinL_ l_Jtll I]lOLI-
Salld_*of ](l_'ill _o_,e_nnl_lllS is r,:du¢¢d,

_Ollrlt_ ]_llli_,_Inll [onlrol

TF_II]]c _|anllgtq111_nl _llld ']'rllmdl Pr0nn)Ifon

Som¢_ ¢missim_ eonlrol requires lh_ devclopmenl 0( _'ehi¢l¢s

lhat are quieter, and emit less CO ;dr poilulkm, Signifi¢_ml Ol_lions in dliscatcgoryiltcludeth_ reroutinguth¢_tLv _.hi_le
progress ]tas b_fl Inade by _ehic]_ manufi_¢turers ov_r the Iraffic; the prohii_ition _ff trucks lronl ¢_rlain _,tr_ml_,and;or

Insl decade to reduce bulb _ehic]_ nois_ und CO _'missions, tll_ _ssignm_nt of a specific lime p_rk)d for Iheir operaliml:

lind il conlillu,::i to be made. The _'ole of guw:mln,..nts ha:i lh_ evaklation of lr_ffi¢ signil] timings aild lil¢ir ¢o_rdini_Ik_ll
be_n to estnblish a0d _nl'orc_ noise and CO _mi_sion Sliln- In minimize freqttunt slops al_d slurl_; the r_cluetion of _pecd

dards, The kingdom has adDpl_:d lh¢ CO _missian _tandnrds lilnils, ¢_p¢¢ially at localians wilh steel fl_,aver_ _r bridu¢_:
of III_ United SlaI_P, and, through the e_tilb]iShlnent of the lh¢ _vnlualion t_l'on_-way/IwO-wuy op_ralion lt_ l¢_.suninter-

Vclticle Insp_¢lion Program (now 3 )'cars into operatfonL ruptions caused by left-lurtlirl_ lrnffic; tl1_ prtdlibititm of

enforces lhe 3_ ppm, mll3dll_ufn I-hr concenlratit)n ]_ve[,i, on-slt_el parking IO mininliz_ flow irlterrtJl_lion_,: lind lhe
Similar efforts, however, ar_ required Io regulal_: l_v_Is af est;ibli_]Imelll of a sp_cinllane for Iransil and high-c_cc_ii_;uley

noise and rcd_cc high noise pollulion l_v_Is _l _¢rlain v_hicl_s I_ redue_ iIi_ v0lum_ of ifill]]_ in eloi_e-imp;*cl_d
locations. /ir_;is,

fotprot'ed tlighway Design und NuL_e Barriers Public Eduet_lion Program

The F_der;d Highway Administration FHWA r_gulations for In dcvclopir_g n_llions, Ihc ]t:v¢l of public _duealitm and

mitigating traffic noi_ in tht_ planning _nd d_sign of high w_lys awarcnes_ concerning Ih_ _td_,¢rs_ _ffeets of Ir_Lnspnrl.tion ou
include adequate noise abat_m_n! m_:asur_s to comply with tile en_'ironmcnt is _,,_ fow. Inad_qu;_le and Iow-prolil_ pub-
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li¢ _tlLJC_Lti_)n¢_m_p:_i_n_,;LhighT_Lteof illiTcr_cy (_'_p¢_'iLIIly _*i_ltitm with tr_lfli¢ CO. Th[% %_;1_f_lllL_%_¢dby wind %eh_¢ity

_IE_]nli_rll_in _ _Jri_¢r tl_h_l_.i_lr ]_, L]i_'c_llr_l_ill_ lh_ nl[_Ll_¢ _f .2111i_i_lrl ¢Oll(rLlI, iln[_l_¢d ]li_hw_Ly LJ¢',i_ll _t11_1n_li_ h_LT.

L_ ;:lid hi_h'l_¢_:U_lllcy _hi¢l_ ITa_'l. Th_ ]_T_gr_lll _ll_tl]_l (_nlpr_hen_iv¢ _lnd _ordin_ltcd ¢_rE_ will [1¢ _el_Llit_l

[n_hld_ iI _l_r_[n_ll¢¢l ¢(_lrE _111_LII1__1][Jrl_L_l_'¢ll;L_ll¢i_ _111[I h_ I11ilAillli;c_ttll_ _d_'.2r_e inl_lct_ _1__ LL_II_Lnnl_lhi]ily LI_Ith_

_IltlLI]t__;t_nd t_ _llt _l_l_r3t_ ill" [1Ll_tl]_ltil_ll, _n_:ir_nJllCn_.

_U_ll%l,X I_' AND CONC LI.r._IONS _ible _lullmrifi_ h;_v_ ctm_bined I_ _re_l_ _l_i_nili_mt tl_lli_'¢

illll_E tin lh¢ Llrh_Ln_nv[rtlnll]¢nl, _ uTh_lni_ltic_n _Lrl_l_lLllt_

t]l_ hi_torv ill" 1_9_ 1910d_TI1world. ON_ p_lrli¢_I_lr T_LJII ii_ Cff_lTt _o 191in]fIliz_ lh_._¢ I_¢_ttiv¢ tLrh_JI tr_ln_pLirl_LTi_n
[n_T_l_ilg_ _lmu_ll_ I1_1_t_¢tl th_ d r_LIl_l_icT[_;_in lh¢ nllml_T hy.prlldut:tt.,

u_b_m i_obililv. The_ Je_'el_pm_n_ h_Lv¢, ill _urn. led to

rloi_ _md _fir imp;_¢l_ _m the cn_ir_lnm_nt in II1¢ urb;m _i_ ACIC.._'O_'L_DG_,_NT_
• of Th_ kin_zdom.

Thi_ p_ll_r r_por_ on Ih¢ findi_ of iw_ ¢m_t_in_ I_lllLl_d Th_ _Luthur would riku Io th_lnk th_ _e_lr_h Cen_¢r L_fKin_
r_lTch proj_¢t_ umlerlakell t_l _m_lly_ th_ noise _md _Lir S_tud Unil'er_iI_' _r il_ _upp¢_rE _lf the tr_fli_' _'()pr_i_¢c. Th_

imp_l¢_ of _r_m_pori_li_ln in Riy_dh'_ L_rb_n _n_ironm_lll. Thi_ ;_ulhor p_r_i_ul_Lrly wi_h_ m _h_mk K, AI-Dh_;lli_ _lnd

t r_ln_poTl_lJc_r9.
Th_ finding_ [_dic_t_d th_ m_ffi_-_nerLLE_d noi_ _m¢lCO

_nd _x¢_d_d p_rmi_i_l_ _._JElll_rd:_I_y _l¢on_[d_r_Jbl_ m_Lr_in_ I, ,%'uliu_r_tAir _u_t_ty _tnd E_ui_s_l l_lJf_ Repuvt_ EPA 4_1_4.

_r_Lff[¢nOiSe intetn_ity r_m_cl from _lhou_ 8_ Io 95 d_A, Th_ I_-.

"_r_l_pllrl_lil_t_../nu_l_ _ I'wJll_pr_rt_#utr E,gil_'_tt_. VL_, 13,
_hc_w_d thI_t Ih_ [nt_n_ili_ of Ih_ hi_h_l 10 p_rcenl (t _,,I No, 3, .%t_y P)_?,
_'_ v_u_ high ill n_u]v _1] Io¢_lTion_,TII_ LI. i_ m_Jnly _[fe_lcd 3, I_, J. M¢CL_Tmick_n_ ,_1. _.._;mdCT_, Ih_FJJ_ _"_t_t_v_i_r _T_i.

no[s_ _UCh ll_ horn_. _ir_n_ and heavy t_'uck_, N.Y.. I_¢_,

Th_ _quP.'_ll_nt :_ound I_twtl (/,_) r_Ln_d in _,_Iu_ fTom _ 4_ W. Sperry, N_i_ _'cmsr_l_tt_lldi_o_J_ _l¸ Pr_,cqJl_s _s_l_lI_r_l¢.sled's. V_m No_lr_nd R¢inhotd_ N_ Y_lr_;. N.Y., IL_?_,
low of 81 dBA Io _ high of 91 d_A _T the sludy _it_s, Thc_ 5. W. S, M_I _md T, F.. D_h_n_. N_ItRP R_n 2_: M_,i.
high .¢_ vz_[u_ point I¢_ th_ rioJ_iru_'_ of th_ uTl_ln _r_viT(_tg- _vi_lg _tlJ_n M_,_'id_ _lr¢_'ntr_t_sls #1 tJrb_ A_s. "rRB_
r_r_t _ t_l_¢_ ]o¢_Ii_rl_. This slal_m_n_ is _r_l_T _upl_ortcd N_Iio._l R_rch Council. W_hln_Ion, D,C.. April 1_7_

byhighvalu_ofEh_ tr_fficnoi_ind_x._ndth_ noJ_ polluE[on 6. R, _. Ilarri_. _t _1. M_lh_d fo_ _n_ly_ing £'¢_n_¢ru_lion I[_ul
Noise Imp_¢l_..t_f_m_! _f _slst_¢ti_u Et_gitl_¢r_tlg _lnd M_.

I_v_l. Bo_h _rc0ffi¢volum_ ._nd lr_ffi_ sp_d d_mon_tr_i_d _[_- _nr_,l. V_I. 1_3. No. I. _._r_h 1_7.
_ifi_nt _mJ po_[t[v_ ¢_rrel_Tion_ _i_h v_iou_ m_ur_ of 7. P, E. lgcn_on. _/t't_ 4--A Di_p,.v_w_ M_d_l_r Pr_dicl#_ Air

Th_ m_iltlum [_hr _llld _-hT m_al9 CO ]_'_l_ _¢c_dcd th_ I_, TTIm_poTt_tion I._bor._¢ll_ _lifor_[_ Ocp_lrll_nt ill TT._n_.

liQn_. The m._ximtlm l-hT ]_V_]S for IIl_ Sour¢_ C_n_T[itg_ _r_ 1_, F. W. Ju_._ _'l_11.NII[_ Em[_[on I.¢v_l_ flit Vchi_l¢_ IlLOnt_Tio,
In Tv_uup_rt_li_n Re_,_rch I_¢_vd 1_. T[_B. N_ti_m_l R_¢_r_h

60. 40.._nd 51 ppm duri_ 1_85. _nd _9. 55. _nd 5"/ ppm _u_l. W_hi_lon. D.C,. 1_6. pl_. _2-3'_,
durin_ 1986. for Eh_ Al.l]_lh_ AI-Ja_l_._h. _ncl AI-A_er LIrT_o 9, V, 19¢_wl_y_nd I.. F. Coh_. _ t_l_d_l for In_Tt_¢_n Lo_ D_.
Ti_l_. Th_ dJffer_n¢_ in m_n CO [_wl_ for _h_ _wo _ittdy T_l_l_lionlot p_callcl Fligl_'_y N_Ji_ B._rTi_rt. J_t _ Ih_

Ac_uti¢_ll Soci_ _f,4tnt,n_. V¢)I, ;_(I. No. 3. _pt. 1_6, pp,
p_Tic)d_ W_T_not _T_ti_li¢_lly _i_nifi_nt _t Ih_ _ p_r¢_nl I_v_l _5 -t_4.
_t _i_h_r of Ih_ [o¢_ion_. Th_ m_ximum 8-hr CO concentre- Ill. M, Ko_u _nd _.l. Taylnr. Ex_min_lil_n of $om_ l_pli_il
lions clur[ng 19_6 W_T_ 21 ppnl _l_the Al_B_th_. "_2 plum _ A_uml_tion_ of Noi_-Iml_¢l _n_l_i_ T_¢h_iqu_, In Tva,_.
Ih_ AI-J_lvl_h. _nd 14 I_pm _t _he Al-As_r ro_lw_ys. Only port_li_n Re,_'_rch R_¢_rd_J. TRIL N_li_n_l R_r_h Council.

_bout 1.5 i_pm of th_ CO 1_'_1_ is ¢on_ribul_d by _ourc_ W_hin_lcm, D,C.. 198.s. l_p. 37-41,
(b_kground) o_h_r _hu¢9 tr_(l_¢ in lCiy_dh. II, P. IE, P_n_on. ¢1 _1. Ewlu_llon of th_ C_lin_ 4 I,_n¢ $ouT_Di_,_r_ion _.lo_lcl (or CompIc_ T_rt_in Appli¢_lion, In Tt_I_.

p_k hour v_lum_ _ho_d Ih_ highest d_gT_¢ of licue_r _o_ ¢il, W_l_in_lo_. D.C.. 19_t_. pp. 7-13.
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12. L. I:. ('4_hn _1;11. l)¢_igl_ M¢ItI_ILI_1_ I_DI_III¢II'_Llfi_ N_fi_¢ll_lr- 21. A. t*_l.'['hllur _lrl_l P _'_. K_IH..tlLi. .Ih'_lrr_._lwt_t ill ¸ I'nllli_'.
ricr*_.JrJrlrsJl¢/_] 7'rlllJ_liorl_tirJIr /:'lf_lljl'l'tltlk'. '_'llL ]1._. NL). GI, _;l.I_l_r_t_I`d(_._ir_I_h_i_IIiIJAl.Jl_nI`IIhi_jId_#._ll_iIr._r_rt_tl_`

]_. R. _'_.I I_lrri__111_1I.. I_. ('_fllll. L'_¢ Ill '_'¢_¢1_11i_1n_lr ._11:_1¢ii1_:11[ Lll_i_'¢rsi[_̧. ri_,_l_]h, _lil_[i _._llli;i. I_:_
L_I_ligh_'_l_.̧Tr_llli¢ Nl_i..e. J¢_¢lr_lll_JI̧lJrhr_ I_hl_llil_ lind [_t'_'¢l. 2_. I¢ adh • _"it,ll _ I _'r I _ - _ (1J tl ilir I_" l'I_ll]_• ._l_r_,l..
r_l_nl'l_t, t.'lfl. I I I. N_I, I. N_w. II1,%_.II11._4-4_. V_L (}. _:irl_l bb2l_)rL _. _1. _1̧ _. LII¢ill _lll_ Rur_ll AII;Ii_.,

]4. L. [:, ('_]_1_¢1 _IL{-i_.hl_112"_]1¢_1_;_I¢111_,I_ll '11111s]1_1IiI _1_N_I_¢ Ki[l_Ll(lln_lJ _lLIdi t'_r_llli;h]_tT_l.]11_.4_-_
[)¢ci_llfl _-I_1_.h1_.['¢_ll¢tl_Jrll_li_llIll_li_'ļ dl_td /)_'cl_lrm .ll_lk _ _ _.(), Air _lr_lit 3' _l_llld_arll_._%l_:l_'LIr_lhl_v_L d EllVi_Lirlluenl_llI_r_lt¢¢.
N_I. _. ILJ,%I_.pp. L -3_. li_11A_lnilfi'.l_*iI _n I_. E _'*_1,% _; • i_̧ )¢ ¢r1¢¢_llltlAvi_Lli_r_.

I._. I ]ir;lnl;ll*.lL. _1:1]. I_xllcril11cn[_llIn_¢_li_lli_lll _111ii1¢ [!11_¢1Lll Kil}_d_lln L_I_lu_li _'_r_1 I.i d _ _'_r;l]li_l.]_].
_fllCN_lll-_l¢;l_]_'N_ti_¢LiiiAIiiLl_ll¢._.Jf_lfr_ i_ll ,- i_ll • 2"7. l_rff]il'._llll_lll'_--]_,_7.(_¢ll¢_i_l'l'r;ffti_:[)ir_l_lr_l¢i(_[Dj._]jll.
N_il'l_ ¸ _J].._I_IL'¢_'_.V_IL 7_. NLI.ii. 1_3. I_p. 17_2_ 17_1_. _. _ _1_ Inl_:ri_lr. Kinl_hllll _:t _;_l_lCli,'_r;ihi_J. Ri_: d _;IL i

(-'lll_l_l_:li_lll. ]11 Trllll_lJl_Ii_ll_JiJI_l'_'_rl'h [¢_'lr_lll 74#, I]_11. _-_ .l[l'tl'l_r_JlIJ._lll! I)llhl_ll_._. _, _.]¢l¢IIrL)h_i¢_ll_111_1I!lL_irLinlllenl_l]
N;Lli_III:II[_¢_¢_1_¢h('Lit_ll_], "_V_l_hilll_l_ln.I).(.'., ]_7I_.lip. '/-_J ]_rL)l¢_:liLl_ll'_dlllilfi_lr;lli_ln _.1EI_'_). _.hJ_i_l_̧ _1 ])¢ .2 _¢ _ d

]7. _1. _'¢11¢.N'_lisl_PrL)l'_¢li_ in _1I'_¢si_]¢11li_l]t\r¢_l lie:It _lf_li[¢_':_lcd _. _i_llLl_l,b:ill_d_)lll _1_̧_;l_ldi z_f_ltli_l, t _h

I_. "1̧. L_. _;I_llhi_*,C_111111_lt_il_¸NLli_._:Levels ill P_I :_.. Greece, I • _ _. Avi_liLl_l. Killgd_)nl _)1̧S_di ..*__lli_. 14J_.7.

I_). C. M_:hr_l. N_lis¢ L._*.'¢1_,iu Iil¢li_ul(-'ili¢_....I rld_ ,\'_'i__̧. N_'.'. Lj. Ell._ilw_.¢__td ._l'iesllltl_. 3rd *:d._l;l¢l:lill_lll [_L:t_li_llillg(.'_1..N¢_
1_)_. YL_k. N.Y.. II_._.

._1. [J¢_l_rl_l_hW l_l_lp_tl_llr_ I._tt_rl.ll_t"_ll_dEl'_Jrl_Jlnrl'._tl_di_.l. 4!_1-_1_.
1li_tl (.'L_n_nli.._i_rl_r Ih¢ D_vch)llnl¢_ll i_l I_.i'.Mh I)e*-¢h_pm_ll_ ._2. I lighw;i • 'rr._lti¢ N_i_ ill ii1¢ IJ_ilcL_ _l_ll¢_. l.llWA, t!_¢.
..'_ulh_lrily. Khl_d_)ln _lf _il_l_i _'_r_lli_l__'_u_. IL_7 I)¢i_.l_lfll¢Ill _)f "l't_n_ll_3r[_lli¢)_, .N'LW.1_)_;7.

_..S. AI-D_t_fy d _. _. K_lu._hk ._ ._1_ ¸ _J r . "" .

_._. |_. i*.. K_lu_llki. l_l_' Eli"It _JI̧_t_cil_.['.'_'r_I_tt_il"I)_'l'L'lr_l_l_'_t_l

P[_UlniflL__¢i¢fl¢_:*.Viilunl¢ 2._. _ iiIllh¢_"3. Pcr_;_lIl_lnI_r¢_. Ullilcd l_ll#liL'lllirJItl_] Ihi_̧ II_llJcr I¢lr_l_l_r:'llIJv ('r_tll_illl' * IJ_ [_1_' • _ I__'



TRA,VSI'ORI_._HO,Y IUi_liA R('II RI;C OIID 1240 45

Impacts of the Greenhouse Effect on
Urban Transportation

WILLIAMA. HYMAN, TED R. _/IILLER. AND J. C[IRISTOPIIER WALKER

Scit,nt ht!i sugge_l thai temperatures InJ_lll ri._e StF Io 9*F oqer tile bm'-I_ ing cities _ith tidal v..;llerlronts, hi (.'le%ehtlld and other
next lt)lt)eur_.andllml flleseale_dcuuld rl_e 2 teen h_re_p0nse, inhind or lake cities ill crueler latit_ldes, die intpact cotdd be
T_tllp_rLllUre dllln_e ildgbl r_dtl_e _nql_ utld ice _nnJrld ._t)_t_i._il)_ positive, wit 11 s_L_illg:_ in _.now _ltld ice eontT(d ctl**ts , itN_ell
road Lind hrJdl_e deterlclrath)n attd elentuall) reduce reqnlred as iu road con_lructbln and mahltenance ctP.ts. 'lhe clo_ing
pu.*_n_enl cg es '" eu cera .'urru re enl_ra re_ ull- sec tin )1" s i cesugge_.l_dlalengh_eeringstund;irdsr¢la[¢d

ge_tslnereo_lngthe_arelyfuclorcurrentl) dt._i_nedhltoexp_n_bul to rnad_ny, bridge, and tad design muy need revision in

Jobllsoltbridgesandm_orroad_.llltdreex_lmJnillglhehealtolo resp nset lep en a for. andslLl'_equcuflvlbcrEabtyol.
t.rlllle¢_ (If railroad trucks. A ri_lng _ell It'_el lind the jlo|¢nflal fill"
nlllr@JllJi/ll_d_tllrln*i could require bridge rt.de_J_n better _irbltrl glnb_d ¢lilnate ¢luulg¢.
flrulnllge, lind raising of Io_ -I} Jllg_1rect_*near Ildul _uler_. RHro-
I111[ngcuuld be luu_Jl illore costly than chtulge_ ill,de jlrll_pet.lb el)

,i du rhiK rl!clut_truetlul I j}e_ll_ll_tutld_rd_ lind _111_1_ergeria l.houltl

be re_l_e_sed in light of IIkdy dlmut_ thnnlles. MIZ.'I'IIOI)S ANI) PI_INCIPAI. 1.IMITATIONS

T'.'.o weather nlotlels developed for the Enviroumental Proo This study was ba_ed on ;I critical reGew of existing bltla.
tee Jolt Agency (EPA) (I) sueuest dial file earth could be 5*F structure studie_ in Miami aud Cleveland. discussions abont
to 9°F warmer Ill,in today by 2flgO,warming ns nluch in ItJO

ye._rs as it did _ince ti_e last gbleial period Ig (trill years ago. likely impacts with Io¢_d infrastructure experts, anal._se_
undertaken by these experts, and c;dculations aboul pr tfl_able

The models suggest Ihat since file Industrial Re_olution hegnn

in 185(I. entmgh carbtm dioxide and pollutants were banked impacts by the sludy authors. T e m yse_ _ere prelil _in;_ry.

ill die almosphere to cause h;df fllltt temperature rise. "file They rc_-'ea[_d which int'ra_truelure rcspunses in global e[J-
nl_ile change nligh( be expensive, but were 11 e ge¢ i11_.

rest wotlld result from prnjected elnJssions over the next een- allld)ses of the IIiosl cost-elfective re_l_lU_C_. BeCllU_e detailed
tury. The cmissinns are raising tbe heat*reflccdvity nl tbc analysis was restricted o t_ c es. es t y o ide ti y

fl osphere mak ng the e r ;I COlSderablv 1ore powerful
greenhouse. With tin aver_tge telaperature rise of H_F. ten1. the full rauge of impact_ thai could arise acrt)ss [he Cotlntry.

per_tures would rise 16°F at the poles, melti,g ninth ice. Sea
eve co d easily r se 2 to 5 f bv 2081kOther weuther-rel;ded

effects might include increased evapotranspirution and storm

and hurricnne intensity (2. 3). MIAMI
The heat wave of 1985. although not related to the green.

house effect, vividly illustrates some nf the pt)tential temper. Miami is a hydrnh)gic nlas[er_ork, a densely pnpuhlled area

ature impncts. Htmdred-degree weather distorted nit[road bounded by water from below und on all sides. Wben the city
tracks, forcing Amtrak to ent speeds from 125 to 80 nd/hr was first developed, the entire soutbern tip of Florida was a

_etween Wash ng on and Philade p I (4) and possibly c P.- mnngrove swamp called the Everglades that often was awash

ing severzd train wrecks, most notably one that injured 160 in fresh water. The initial settlement wa_ built on luca[ high
people on a Chicngo-Seattle run (5). Acrnss the Midwest. points of the Atlantic Coast;d Ridge. I0 to 23 ft _lbovc sun

record temper_ltures buckled highways (6). In the suburbs of level, and immediately udjacent to Biscayne B_)' und the

Washington. D.C.. steel expansion joints bubbled along a 13- Athmtic OcEan. Today. most of GreatEr Miami is on b_wer
mi stretch of 1-66 (7). In Manhattan. extreme heat exacer- ground made habitable through dndnage and reclamation fql.

bated the effects of Iong-_tanding leaks in 160 mi of concretE- Just a few feet below Miami's surface lies the porous rock

sealed steam pipes that lie 11 ft below ti_e streets, causing the of the Biscayne aquifer, which is one of the s_orld's most

asphalt to soften. As vehicles kneaded tile asphalt, thousands permeable. The seaward edge of the nquifcr is flooded v.ilh
of hummocks formed on city street_ (81. salt water. Maps in the Dade County Comprehensive Phm

Thisarticlediscussestlle probableimpactsofglobaldimate show that the height of tile water table varies about 3 ft

change on urban transportadon syslems in Miami and Cleve- between seasons, but ahwty_ exceeds sea level in most el tile
land. In Miami. sea level rise could require investment of aquifer. In tile wet season, tbe water table is dose Io the

several hundred million dollars to raise streets and bridges surface except along the high points tlf the Atlantic Ridge.
As sea level rises, the pressure of tile sea water will cause

and improve airport draimlge. Costs could tie similar in other tile sea to rush into the aquifer below tile surface and push

np the fresh water. A 3-It rise in sea level would cause roughly
The Urban Institute. 21[xt M Street. N.W.. Washington. D.C. 2txJ37 ;in equal rise in the water table.
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Slruuts ,rid |ligllwll)_ • Reduced aecu_ihilhy h) Io_.l_in_ hrid_es alld cause_ay_.

iIlhihitill_ prllper Jtt_p_¢tion arid Iilahlt_lliLIl¢¢.
Tile City of Miurlli Dep;irtnlel31 of P_lhii_ W_lrks repnrts dial • ]_.edueed tnldeT¢le_lfun¢¢s on nuxi_al_Ie i_;Hel'_a}'_,

there arc 7._n i11iifl _round Icwl _treet_ within Miami. Lalle • lucrca_cd likelih_lod Lit llood b;ickwaler_, p;ffli_ulall} hn

nli]e_Ini;drou_hl} l._tl(l,A l)piuu]I_ily'.lre_tCOllsi_IsL11a bridge*,o'_¢rIlonnu_ig_itdc_aters._lli_IIi}hcnhave under-

1.5-i11. I;l)_r Ld a_ph;ih eOll_trllct¢,'d tl_r ILU _.i11, lim_'rock _I_alance_ o I 3 It1 tl h,

has_.]]euuathth_ hils_is;I,_uhgrade,_iltli1',top h ill._i111. • Added shlppill__letiorl_d l_a'<_shvuc;ith_i)I11_brid._¢_.

p;ictedtDa llliltimUlll_iI_).hpercentof itsnl;ixilnUUld_-HIMty,

Ifthe seu lever;ind_;Lt_:rtablexl_r¢It)rise2 to _ ft,given Regalclle_s_ifinlpt_l_e111_nls_l_r di¢i1¢xt[Jill_c_irs.hrid_

the allnUiiItJuetLlalion:_ht the Ival_:r table and itNprtlXilllit_ _ hh piur*,cud pJ]_+*illbolh I_i',¢;l)lleBit}alldi11ri_er_would

t_ the Stlrfa_i_+thestlb_rild_h;l_,_of nl;in}city_treet_'._iluJd axperielleedeeper _c_Itnil1_.billth_ducrea_ed_¢locityi11Ut)ll.

; b_ _uhject Io ;I certain _llllt)tnll {1(S:lttlr;lliOI1. +l+hi_¢onJ_.lcause _tt)rltl conditinn_ thai r_u[l_ from illcr¢;lwd x_iLterd_.'pth x_llltl

C_1111pJcte_trtlcturaIhli]tlr_it';ihe;c_y lo_id_ere to pa_st)_er Illiliga[etileprohlen_,Scootingx_tmldil1¢r_,.;l*,eit_,hllin_t1_;illle

! tilesurface,To preventthis.ktlh1_.,_ah]__lreets_tlid have lllOrCI[_:.lil_lllor _xer¢,

ill be raised, The prt )jt_h,'d tetllperalU[O incre;ise shtlll]d Ihn caLI*_L'brid_l_

i T t_CitYof _lialniD@p_tr(lltetllo[ Ptdlilt_x*_ir_4he_(iIllt_ c_pim_itln¢ILltMdede_iL_ _, i_r_ ,,edhln L y O_e_ e
that approxiln;itcI_34 percent¢11street;llldhi_11_va_¢llli]c,, mighI aecvI_rutepainldeleri_r_litm_i11_h.'eIhridge_ i11_;lli:te

;Lg_--'_7mi--is ,__I or [_sP*_lh_1_theWilier (uh[_ {_, lJrell- e[_virotln1_nls,

her. City of Miami Department _)f Puhlic Wnrks. per_;ollal

conununicalion.April 19_I_I.),Raisingstreet_hy 3 Itduring

r_¢OllStruction, accofdhl_ tO the Dl_parllncnt _d"Public Wtlrks, Airpclrl_
would raise reconstruction c_t from $150 to $]7_/[in¢iLr11

with [nitlhn;iJ]y iniproved trallsitilln_ tl) al.Jjacenl properties. Miinni Jnl_-'rlliItlOllaJ _-'_irporl ih u Inaior inlern;Hion;d hLiJl.
The ¢OM i_nlot.lesthec;ius_fillCallh_ stlr[acc.nlinudtlllpublic l.ocittedi11llu_lhx_est,_liiilni,itsairfi_dd'_alld;ipro:p,co_cr

land_,itl the.'counly. 7,tltH)a. Unlike tilenlitjordyt)l+nlajoreHlllnlerciaIairport_.

The cost of recoustrUetjllg Ihe _._7 lid to adjust for ;I 3-fl alost of the sxlrt;IC__lrea is a_,pllall pa_¢lllent, The aplon_ are

rise in sea Ic'+'el wonhl be $2._17million, Onlilted froln this cosl concrete. The _l_ph;llt "+LldeS i11 thicknes_ l'ro1112 to [7 i11,
e_tirtl_it¢ are suhstallti;d private co_*tsthut v.'_101dhe incurred dupending Oil 111_h;ts_, hs eXlell_*iv_ drilin_l_C _**1_in ;lihl_s

f_r hctt_r drainage, raising some yard_ (especially around storm runolf to emll_y into ddch_.s h) tile ;_irliehl. _G_ichin
newer buildings _here the structur_ itself aheady i_ rai_cd), turn ¢lltpty iuto the l]luu Lagoon and the +Iand;nni C'anal,

raisin G Iot_ al r_cunsIructiorl, und plntlpitlg _eeage _rOlll Ihe The groulld_aler eJe_lli_liI r;lll_S Jroln ._ hi ._ It. rllllwa) _,9
houses to the m_il1_ in some areas, to ll) [h ;£11dlaxixvily_, and aprill1_ 8 h) _)h. A ._-l'l ri_e in

Ahhou_h the averago temper;itur_ ill Miami Could ri_ Ifore _roundlk ;tier _kouId not good the puvelnent _+rhazY. iltlt would

75°F to 8II°F. the increase _hnuld have negligible impact tm _d'f¢ct drainape relenthm capacity and exlillratiou d0rhl_ a

streets and highwIlys, _.cuus¢ curFeiit asphuJt pave111elllwith. _lol'nL II _evera] large pulllpill_ _.t_lIiilll:__cre con'_IfliehLd Iii
_tIIlldAsubstantial tenlpurature variadnn_, and pav_nlent per. dr_iw drip, it [hl_ ;lirport wuler lahI¢ al tile Oll_*etol a sli1rlll.

f_lrmaflee _houId inlprovc ;Is reconstruction incorporates Itch. a_ceptahI_ opeT_ltin_z Ctnldgiolls ¢_uld he 111aintailled. L_raill-
noJo_Jealchanges, age illlerCo_inc ctiUllS _itld r_htted improventClltS such ;r, ptl IIIII

Slations, dikes and cuhcrts miphl cosl $30 million ( R, Tripp.
ivritlen conllnulliciLt[on to the Ur h;in hl_,tilllt e, I Iowa] d Needles

Cuuseway_ and Ilrldge_ Tanmlen B_:rgendt)ff. 1_)8_).

TII¢ cawsewuys rll]IFling from ._.li;lmi across l]]seayl_c _;ly tO
Miami lleach are between 5 and IO fl above sea level and CLEVI,:LANI)

mighl risk structural weakeninl_ and failure. They w_mLdal_o

|)_ '¢uhlerabI_ hecau_ of the increased size of Iturricalll. +storm CI_'.,e[and could experh:qce ;i murked ehu II_. ' in cJillla[l_ o_er

surges. These potential impacts could be avoided with r¢con- the I1¢X[ cenluryi EPA',_ scenarios suggest dlul _inter leln.

sti'uction over the lleXt |(_) years ir_vol'¢illg dl_sigll features IO _er_llures could i11¢rea_c ]0°F. raisin_ ;l_r;l_e lenlperat0res
miligate the effecl_ of the sea level rise. above freezing. Summ_:rlinle incrcasu_ C_)tLJdran=e from 7+F

Except for steel drawbridges, most bridges in Miami ure Io 12°F abo_e the currenl ah°F ;werape, gnmvfall might he

constructed of concrete and slee] and have a life expeclBncy dr;imaticalIy reduced, with ;l_crage allntlal accunltlJillit111*=
of 50 years in a saline environment. Only those near the coast declining front 511in. Io uhout _ in.
have _poxy-coated reinforcing bars, a practice inlraducedin
1970 to fighl corrosion. Without remedial action, Ihe effects

of sea level ris_ mighl include Condillons of Roads and Bridges

• Pavement failure in low-elevation bridge approaches. Like most cities. Cleveland nlaintaillSan extensiw, road and

• Erosion henealh low-lying hridg¢ abulments and conse, hridge network; il has some 1.550 mi nf road and _)3 bridges
quent differential settlement, stre'ises, and slrains, with a total surfacc area of l,g inillioll fi: (If). By stone

• Potential li[ling of ¢orrngated steel and box culverts. JllCasures. Clevelund's roud and bridge slock i_ h_pt_tlrcr con-

• A drop in th= elevation of protective fenders on Ihe piers dition than is typical for U.S. cilics, Anlon_ .t4 cities wilh
over navigable waters, road condition dala availab]e ft)r 19_3, Cleveland ranked last
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ill th_ percentage o[ mad illile;ig_ rated ;t._"good" (5.11per. la] [a¢lop. I/._), Pil';enlenI di_tre_.si_nb_.¢r_;d_lein Ih.: cracking

cent) ;is opposed to 'fidr'" i_l._ percentFor "p_or" (2.7 per. ol¸Ilexihle Ilargely a'.phalt I _lrrigid ¢_mcr¢lepa'.erncztt..,Ir_'.l
cent) (ll). he;ira (_f flexihle p_lvenlenls,or i*lirll hdhtr.: _r _.pallingof

Similarly. tll_: cit)'s brklgcs mc]ndcd on tile luderal hridge rigid Pavetnuntn.
in_nltlry arc in rul_lti_L'ly pUO£ c(nldilion. ,_llnnlg tl_ Major Th_ M:',.D illde',l is bilsed on the illleraclhln l)l roar h_ch_r4:

IJ._. nlctroPIdd;nl ;Ire;In in P_,_lh the L'lelehlnd ar_;I ranked tcnlPcr;llllr_. Inldslure. Io;Idh_..d nlatk'ri_d, _lnd tJr_dnage, The
I._lll in ils shot'..'o1 slrllctur;illy d..'liuicrll hridgu_: 23 percent hlst Iwa factors, asd_lined in the index. _sillbe liltlu aflucled
_11'the.._lrca'h -_!1 hridg_.'_lil lllis ciltcgor), g_nlLingtill., q3 by cJinun_ change. Cily" bigh_Iy' engineers rate the tY'lliuaJ
hridges for e.ldch lhecity bassllle inahltell;lllCk• re:_plulsildlity, nllbgr_de in C'lcveland_ls"rmlderal¢ly dr;lined." ;tlld the gr;nl.
7_ ;ire strllctLir_llly duli¢i_..nlb_ die FIIW?. dul'nldion (Ill llhtfht)era:_"lr¢¢ druJnhlg."\Vb_lle_¢rhnllrll'.u'nlenl in drzdn-

1 lie d..qerhll'_lled'_t_lt¢oJ the cdy"s tr_ln_pllrt;lliOn Jnlr_l- ;lee is ;lltributahl¢ IO lak_ Icwl drop wig inn ilrudllce a sllih
SIFUCtLLTe is Ihe clmlhJncd product tlf cn_ironlllellt_d and- in hr_lad drilJrlagl_ c_llugorics.

blldgct_lry l]lChlrs (12,/3 ). Yuarsol Liltd_rfurld_dci_pilalpro- 'J'h¢tClllpeFlitII/_."_lndnloistLitc cJlilllges altribut_lhl¢t_ ghlbaJ
grains and dct_.'rrcdnudnlenanc__OlllrJbllledto the n.2cdI'llr cJinult¢ _;Irlidng nlighl produce winter ctlndiliollS in C'J¢',e-
inajor capilal renewal, _sl_rllle]_s,_, engineers rl.._*pon_.ihl¢ ];ind roughly' ;ikPl IOIJlO_eprevadingtoday in _;isll_il]¢. Ten-
(fir rolp.I artdbridge.,d0_*igrl;lllrihlne a l_lrg¢..Jl;iretll the hh1111¢ Ii¢_see(1o). This _ould eqLULl_."It) ;1cJunlgedl lenlpl.'r;llnre
ltlr ptl..Ir [o;ld ;ind I);l_enlcnl_nldbridge deck pcrftlr111;in_eIo zone. blr purposl_ i1[ ¢:dcldating IJlU_.L-_d)hldex, rUsllhing
ell_irollnlent;d fact(irs. "rhe_u.hlcJtld_i11oislureand lenljler- in fin approxh11_lte7 perccrll de_;re;inl_in II(Itelltiat for nlilis-
alllr¢ el(eels III Ih¢ It}rnJer _-'_lsc alld die ll_*eOI S;I[Iin deicing Itlrg-_lccelcr;llcddwl_age.
e_Lirl_,ill Ihe hitler, t'_llt}lller inlpal:l t_) he considered b. design r_'qllJrenlentn

J_)ri1¢,._tlr/¢phlcl_m_nl rllad %urJac¢_.Ulllil p/_/i, The/_lllel-
icon ASSL)¢iutiIInof St;lt_ lligll_ay' and "]'ransll_)rl;ltion(Jrfi-

t 1.0'w.'rulnperulllru I.:l'g:_:lsIIII jlIl¥1_lHt_lll cial_ (A:'_SIITO) d_fined a I'_gitnlal Fa¢lnr lot u,*¢ill the
d_'dgTl (If rl)ad_ ays tPdngflcxih]¢ P;l_ulncrns(f 7j. ]bin I]_ctor

The II1(_Slserious jtlw-lenlpcr;llure cffuctnn flexible pa_-_nlenl eshentja]ly V*'_lsa _ulnnulry Illew_urcIll _ldlersc'_C;lljlcr cltrl-
(e.g.. asllJl_dl)perh)rlnilllCe is frost Ile;l_ing. _'dlich Ll¢¢llr_ ddion._. II was used Io i_eJgJllIIle ilXle-h)adhl_lOr uncd t*,
when free walcr in tile roadhcd soil ct)ll¢_tsand freezes Io determJnuaspballp_l'_ment Ihicklles'_.Thi:_j';Ictor r;lng_d _[tlnl
form ice "Jetlscs" (14), The ilccnmuJ;ltJOnof Ihickness Iror11 (I.$ ill IJle far gOtltll_est t(i ;t U.g. illean _dlle _t[ J.7 ill ;I
lhcse b_nsl_scaus¢_J0calizcdhea_.dig of die pavelllenl sgr[;ic_ in_l_inlllnt V_llU_of ._I..'_in norlhern _hlflesDtil. 'J'heCJe'_eJ;ind
during _xtended Iraz_nperiods. Tbe principalvarhd_lu_ff¢¢t- ar_a wllue was i.g. Witll ;m incrern_ in nlean tcmpcratnre.
Jng th_ ;lmount Of huLlv=_thai ocellrs is lh_ depth ol frost and using Nanln'ille asClu'¢cJand'swinter an,locus, the _alue
p_netrution. _hicll isdirectly correlated widl the number ol for Ck:_¢land _t_uld drop from I .._to l.(L "riffs cll;lllg¢ sag.
consectltivl_ Jow-tCnlperat u l'e days, Tile alllOUnt of Jleav_. ;Irld geSlS a 7.g pClCenl dt_clJn¢ ill dle rl_q u Ji'ed lhJck Fl_S_*ill a_,phah

hence the pol_nlial loss ill ser'.iceabiJhy.;llst_is ;If(cotedhy o*.e[hlys hl ro;idl_ayconslrUClion.
lhe quality of drain;Ice.

Currently'. an average_f 46 d;lys annulil]yhIP.'emaximum
lemperalurcs belnw freezing. According In local highway Malnt_nancuCo_Is
enginu_rsinterviewed fur tiffs report, thus¢subfreezingdays,
on averllg¢, produce ahol._t_ Iv g deep (reczc/lhaw c_.rcleS Roughly' eSlilTUlICd,lhu amounl_ it) bu s;l_cdill r_);id ilnd
anEuldly. U_der boll1 cJirilillechang_scenarios,lhe number bridge repair COSlS;l_ a resllh of decreasedp;l_cnlgnt ilnd
of dnys below freezing, and hcn¢_ the cslinlaled number _ff bridge deck slressare mudesl, bul nol negligible. Currenlly.
cycles, will decline dramatically ovur lh¢ ¢omingccntury. One Cleveland spendsaboul $4.9 ndllian per yearon slrel_l repair.
scenariosuggestsa meanof 13daysnnnna]lywith maximum including filling potholes, cracks, nnd other surfacedefects,
temperatures below freezing, roughly a quarter of the Intal AnaddilionldSl(lO.Olglisuxp¢ct_donbridgeduckrepair(ID).
m_.unnumber of dayscurrently, if the numberof days bulnw This nmount is almosl entirely d_volud Io maline pilthole
freezing _ir¢taken as _tproxy of the number of fr_ezcJtb_lw repair, filling of joint and _thur surfilce cr;_¢ks,and olher
c)cles to be expectedper year, 75 percent fewerdays below maintenance _lCtivitiesassociatedwith roUlble treatmenl *_f
fr_zing pmdnces an cslimaled I.._ deep frucz¢ uy'd_sper ordinary surface wear and l_ar.
year. City'engineersestimutcdthe currentduplh of frosl pen- As seenin th_ precedingsection,th¢_clunlguin the Presenl
_tradon for bare pavement _tt4 ft. with good drainage, Set- Serviceability Index attributlthle ta frost he;[_ruiS ;_nestimatud
viccabi]it)' loss is estimated to be al mast 0.75 psi, ilboul 15 ? percent. Th_ estimated MAD index ehnnge, accounting for
percent of tb_ tolal index range. With increasud meal| tern- nllsmircesofmoisturc-acculcrlttcddistressincludingRost heave.
pcratures, nnd based nn a 7_ percent decrease in days h¢low is I] p_rc_nt. If these ch_lngesar¢_corre];ttedwilh *lctualinci-
freezing, a gain of II percenl in psi faith a residual loss of 4 dunce of pavemunt damage, th_n a conservative estimate of
percent) is possihl_, annual savings attributabb_ to reduced dnmag¢ frequency is

Frost bcave is ;t very specific lype of pavemenl damugu roughly I() percent or $490,gfi0.
attribulable to climate effects. More general analyse_ of u_ti- "I'h_city performs only'emergency repair nn bridges. City
mated stresses on pav_nlent ]if_ using broad climatic regions unginut_rs indicat_ that of an average anmlal bridge mainte-
produce similar results, The Moisture Accelerated Distress nance budgel of about $1 million, aboul l0 p_rcentis expended
(MAD) index classifies subsoil lind drainage types for geo_ on llle repair of bridge d_cks, Ihe remainder supporting main-
graphic regions across the nation accordingIOtheir polundal tenance of lift bridge mecbanisms (12). Although same d_t_-
for abelting "pavumcnt distress" attributable to _nvironmen- rioration of bridge decks can be attribulcd to tile uffucts of
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tUlllller_ltllr¢ _tll¢l nlLfiSt_lrct ;llLIn_. These efi'CCt_._tru mininl;tl Tnbl¢ I pres,/n1 _.f.'l_txul_lnd's rtl;id icMirf_lein_ ;n_d rec_ln-

ct_nlll_lrcd with The tl_¢ qlf i'll;td Shits.. B_¢_lu'.¢ milder xvh_t_rs strtlcTi_n CL)'_t_*_>r IIJH3-tqT. /_stln_ht_ thai1 the city'n C_ll_il_ll

nl_.'_nl :_h;L_pl_.¸ r_Lhl¢_.l s11_ ¸ ;uld i¢¢ contrLfl _:f_rt',. f_lr Ics'_ in*.itStlTlenl I_.vuis Ily ¢_lr¢_tlr), ch_ln_ ]_rt_llEirti_n_lI¢ly _:¢r

_:_rTo'_i_¢ '_;111will IleCd tt_ I1¢ ",pr¢;icl <_11Ih¢ _lrcn'**hri¢l_¢s, thne ;lllC_lh;tl the ellnl_tl_-;_djn_qn1¢111 f;lctllT'_ _r_ _lpllr_.i -
N_x erlh¢lcss, th_ ;luth_rs jLitl_e tll_lf t_¢_li_illI¢ e_tlnL_lnic bun* Ill;tt ¢1_̧ Clllrect. _1_-_ ¢.'ar ¢._Tit11_lte_ls_l_ in_s iif ;_lllltll $1 ii_ilii+_n

,:ill will he credited I_ this duvehlpnl_nl hu'c_lllse t_f inll_r_vcLI ¢;_11he exp¢¢lud till ;I I_t;_l htldg_t _lf $7(_ nlilliLItl.
wilItur i11_il_letl;ince i_r_lcticu's oxcr tilllC. /_l,_l. si11¢¢ l_Ttt,

wiLlc!,pr_;id n,,_t _lf _llO_!:-c_l_tt_d rein_lr¢ing "*t¢_tl:is ;i nl_ln,_

L_filr_x,¢lltil_ ¢_int;ict bellV_Vl_ Ihe bare sleul ;IIILIdei¢in_ '_;_lts _nl_w _lnll I_u (_mt rc_l Cl_.ls

_.h_uld r¢_hlC¢ ct_ll_lsi_u illlp_t_ hlng hc_¢ illil_Jcr WilltCrs
b_cllnl_ tll_ nL_rlll I/,_l. A_ in n_nly (llhcr Nl_rth¢;isI_rn cities, .qlLiw r_:llltl_;l_ _ll_ur_t-

li_ns in Clexelnnd r_¢_i_¢ hi._h primarily fronl ottO' ;idtnini*,tr;_-

ILIt'_ and ;1_¢11¢icsdnrillg tile xvinl_l" Ii1L_nth,_."l'h¢ I)i_i..hln Lff
(_lpilul CiPd_ _tr_lS. rcsl_lll_,_ihl_ I_lh ftlr r_l_ldw:ly iI1:linl¢ll;_nce ;_IIL_,,n_ ¸

rcrIl_lv_tl+ nl;linl;lins _Lir _t;iti(l_lS thr(_u_hLiiii the city ch_rillg
A_SI ITO d_t_il!n _uidelincs. il_¢lUdill_ That Te_il_n;ll t_lctLirs sllnlmCr nlllnth_. "I_L_ _lr¢ iTl_lnlle_.l_11Ihree ,,htll_ per ¢[;ly. one

lt_et_l hi lh_t fl_;ible pawtnlcnl deq_ll cqn;itit_ll. ;tr_ _1 g_ntl _tt IWO "*hilts.. _111do11¢ ;_1L)lle ._hi_l. rhe!,e ,_t;itit_n_ prhll;_ri]!,¸

n_u_ln,_ i_f ¢_lim;tlillg eh_lll_¢s it1 C;_l_il_ll ¢llsts ;lllrihul;l_]¢ ttl perform struel sw¢¢pin_ _11_1rcp;Lir, During whltcr tIl_nlh,..
¢lilll;llU ¢h_ltlJ!U. *the it_,]_¢eled ch_111_¢in Wil_tCr Icmper;_l_lrcs. h(_wcver, si,_ sl_llilln:_ ;Lre;l_t iv_lTeul, all n_;inncd ;LI thr_u shiE_,

nsJng _ln an;i]_gtl¢ _lf N;ishviLl¢. "rcnn_.*seu. ill_:;Lns;i redLl¢l_nll p_r d_ly _Ltld ;Ill utl_;Ig_:_l l_ril_ltlrily il_ sn(_w _llld _¢¢ r¢lllLl'c;ll.

hl the AASIITO Reghmal F_ct_r frtli11 1.5 It_ l.ll. Eacil unit Limited street repairs ere undertaken Lhrtm_llm_t file _inter
Ch_LIl_ltin TIllt R_t_iLII1;LL_7_).dlori)r¢lLllle¢_ _l 13 pereenl ch;In_e InOlltll_. Tiler per_tlnllel used in city snl_w rcr11,l',;ll ollcr;iti_ll_,

ill I]l¢ %[rUc[LIr_I[nttnlher. ;Lnd Ih_refl}rc I11c IhJgklleS%t)f i]_tx- ;l[I ;tr¢ city enlph_yee_ ;rod the _qLlil_nlelll Ct)llsist _.OI Di'd',i_n
ih]e p_l'¢elllellt (1_), Flit rtl+ldw;_y C_Hl_1rtLgti(_11fir rec(l_lrl3c- O]' _lreels '*'_]ti¢lc'_,

tion jt_hs, r(lu_]lly ._11pefc_n[ iif 11_1_1[¢_)nst[u_[i(lll _Ll,_[__lre Ordinarily. _l[ lifE' _ll_et ¢1f_.lltlw oT i¢_.'llr¢¢ipit;lli¢_rl, tile
_LltrihLzlahlu lo tl;IvelllCnl C(l_ls, Or this figure. 713Percent _+l ¢ily _ill s:flt slrt/cT_ u'.ing emPh_y_¢s end eguipnlenl _ls_igned

¢_sts are variabl_ with thickness. Tllcr_fi_le. 18 percent t_f m their regular shifts. At this singe, some -L_ nnils _ill he

I(I[_L] eonslructj_lrl costs are pol_nti_llly affected by WCLIlhCr ¢In_l(1)rL'd il_ sllll _prc_td/n_. If sntlw BL'CLInlklI;IICs;11!'.' in, hr.
(2h percent x 71] percem). Thus. ;i cllang¢ in Ih_ Regi_mal ¢_r if a 2-in. accumul;nion is re;_ched, ihu se¢_lnd ,,hill _ill he

' Facl_r from 1.5 I(_ I,II on rtmdway recmlstru¢fie_n j_hs memos called 4 hr e;Irly, while the firsl shift will he kept _m 4 hr

a drop in Imal costs _i' ;ipproxilnately I percent. _vurtim¢. This brings hlt_l] eqnipmenl _n the rm_d to _1 ',_111
Resur facing j¢_hs, h_wever, ctmtairl ;_higher percentage t+f and plt_w units, alld I.¢,graders.'l'ypic_lly, fl_r rely ST_rm her i_:en

pavcmentet_ststol_taljob¢osldmn d_reconslructiem joh_-- 4 and 12 in. _r a 12-hr perind, the city will avuraee 5B to
approxim_tl¢ly (_() percent. Usin,_ the' 7ll per_.enl nf ¢_)sts Ih_Lt 75 vehicles for lh¢ first 12 hr. ;ind _J5 t_ IltlJ mer the s¢ccmd

_r¢ '*'_lri;ihl¢ with l]fickness, _lS bef¢_re. 42 percem of l_.lt_tl l" hr. In addilh_n tl) drivers, f¢lrltlllell lind m_tgh;tnil::_ fQspOll-

rcstlrf_.cin_ ct_sl_ c_ln fie viewed _1_.WC_IliIeFi3_l_Ucnccul. II ;I _ible ftlr x,elljclc nl_linlen_ln¢¢ l_tlrk sitllil;Ir _.hifl p;llTcrRs,
11.5 drop in the Regiomd F_IcI_r rncans a 7.5 pereenl ch_lnge The annual cosl tlf rem_wing snm_ consists principally .f
il_ _lrLlel_lr_l] nulll[IC_, then tol;il ¢¢_slr ¢d_ctioll:i £_flrustlr f;l¢illg ];lbO_-c[I_Is ;tllril_lll;lll]e It) snow r_IT|(I_';II _l¢lixit_', lind thlt Co'_t

work arc estim_tted ;it 3 percent, eft expend;,ble nl;_terials, st=¢h ;is salt. used in deicing, Table

TABLE I CLEVELAND ROAD RESURFACING AND RI_CONSTRUL'I'ION
OUTLAYS Iq_3-1_7

Ye_ Rec_n_ruc_o_ Re_ur_ac_ C_l_a_-Savin_

198_ $ 5,_84 $1,930 $110

1984 6,233 2_79 1_

1985 5,334 2_39_ $24

1986 26,544 2,_66 330

_98_ 25,913 2,_66' 284

Ta_l $65,208 $_0+832 $9_7

_econ_r_c_oN costs e 3 p_c_n_ o_ _e_u_ac_ng cos_.
?_OT_: DoLlars in _ho_sands.

_ouRc_: Compiled b_ _he Urban _n_t_te b_ed o_ unpublished
m_r_al suppL_ed b_ _he C_ o_ Cleveland Budge_ O_lce 1_ga_
_£guresl an_ da_a _rem _he Hayo_'$ £_ma_e_, _983-1986.



TABLE2 SNOW AND ICE C'ONTROLt't)SI'_ tile nexl century xxt+uldllt]l h;ive _i notice+ableefl+cl ml to_al

_l'_:_r C'L_II$, Jnlhtul_and'+) A¢¢Ulllal;llillllt in I C;ipilaloutlays,
Sindlurly, _dth{mghclitnat¢ change will oiler P.TA _il_er_itii1g

lq_n 3,477 3_7 etch+is,tlur illter'+ie_, +.u_g¢,+teddl;tt all _If_cts will pr_bahb.¸

l_Jy,2 :;,h+ll_ It_l:_ be loll ++ulallto warrant qu;lutificud¢in. ()11 di¢ {+11¢banLl.
]LJ+_3 4.11h_+ 3_) he,Ivy ,+nowaceul1_uhnP)ns ;_Iprcsenl do creule p_obl_111_,

,iris4 :L37_ "_,J4 particularly l'or the rail systcnl. Snc3wllakes that work their
+_-yr:i_¢r+nJ_ .t,:_71 h34 w;l_̧ inttl pn_xcr sy_tenl_,can prndu¢_ "lIL_hes" (+,h_+rtsltll;ll
Sf_trt i: City_iIt'l¢_¢t,_ndM_+_or'_l!_tim,iI¢_._ar.m_!_;Lr_;;rodt'_. demobilize the ¢iluipn1¢nl end yield large rep;dr bill_, RTA
{'lJm,lli¢t'_¢st_arehL'¢tl1¢r _ ill bc able 11)reduce uiloeatPll1_fclr_now clearing ;ind oll1¢r

ollt]uy_ filr prevenliLn_/corr¢¢ti_H1;_+*_no_ ¸ dinlinish¢+*h_ the
future+ On the tether h;ind, Stlln_:il1¢reus¢ ill [uel et _11+,Llllll_ti_lll

2 pre'+_ntsCleveland's annu;d _11owrelnov;d l_l]tlg¢ltierrcc_nl Js likely to restlll from in(ire IreilUCnl u'+_ t)[ ;dr ¢(}ndithH1in_
y_al'% and th_ ;is+_)Cialedh1¢hes of uccuntldudon. As th_ _<.plipment. l_ail widlh+.;llSt3rllay bav_ tl) be r_du¢cd nliglltly
table _lloXVs.rt_m(walcosts roughly track tOl_d_iccunltllalJttn. ;it rcplaeelnenl to reduce the chance dlill ,+pceds ini_bt in:ed

The a'+er;_g¢:_illltJUtllof +*nowuceamuladon prtlj¢¢tcd fLlr to _¢ restri_It.+don _'_ry hol d;l_.s, in rebtthll; t+_th+__ixerilil
Cleveland under each elimat_ change _cenarP_ i_ abuut _;in. siz_ of HTA's 512(+million expense bu_Iget l_r l_J_?,ef_cts
per year, a m_re Ib percenl of the eurrenl annual av_'rag¢, will ht_ snt;ith
The winter comparable fi)r the Cleveland area. Nashville,
"]'_nnc+sce,r¢+iSler!i a'¢¢ragl.+anmKd P,nox',,accuntulatJon in
amotmts roughly equal tu tht+sepr_+jected tiJr Cleveland,
NTush_ill_snow removul c_sts from p382 to 19_7 a_erag_d IMPLICATIONS
abouI $_OI),(J(J()p_r )e;ff, Data from other cJliesCllll(irnl Ib;it
Nush_illc+s:lppr°xinlalelevehffexpenditurei+anappnlp dute Ibmds
bencbmarkfor uecunxu]adon+Iftbul magnitude.

TIl_Sedatu inlP]y IIlaI cl_'+'eland's _n¢)wremoval budget For dl_ nlo'+lpall, tenlPeralUre_bangc could rcdu¢_the cost
could dcClilleI'rol'n its.current_lllnu[d_l**'_rageof g4.{1ndl]Jl)rl of r_;id con_lruclJo_and mai_len;mce, gnow and icecontrol
peryearloabout$2(t{L{_tX)pcryear.Thedeclineof_JSpercent. costs _ill drop dramatically, In Clevehuld the co_ts c_mkl droop
for un annual savings of $4.4 million, represents _d)out1.9 hy _J5percent. ;lillttlsl $4+_million per y_=r. In ¢ides like
pelcenl of the city's g235million operating budget, W;_shington,D.C,. they might drop to z_:ro, A decreasein

d_ep fl'¢ezc$end (T_e_e.dlawcycb:s_[Sl) x_,ou]dmean l_twcr
podlOleS,t*_armer terllperaturesund lltg improv_:ddruin_ig¢#

Trllll+ll resulting from higher ev_porati(ln rtlte,i cL)tdd allow LI'_¢el
thinner _ubbases.bastes and pa%'emenlsin nlally area_, but

The Greater Cb:veland Regional Transit Autht+rity (I_TA) require enhanced expansion capubilili+s, "rh+ savings in
operates a fleet of 1,1)22vehicles carrying owr +g million Cleveland are likely lo Pc I percent of road reconstruction
passengersper year. Tim fie¢l includes _15 buses, 91 light costsand 3 percent of re_urfacir=gcosts, about $20(}.1)(_0per
railcur_, and lib heavy rail cars, ),car. plus l[) percent of maintenunce c_t_, about $S[)41,(Xltl

Analysisdoes not suggestany significant impact on R'PA per yeur. Th_ r¢conslrucdonandresurfacing¢_stsavingstmly
capital costs b_cau_e of climate change. Neither tll_ rail nor will he realized if paxenlent standards are adjusted Io reflect
the b+Jsfleetsnow bay+special equipmcmlmandatedhymeow ¢lirnadc condition_ us they dlang¢.
c_nditions dial could be eliminated (and thus save cmts) in
subsequenlreplacements.All vehiclesare_quippedwith ht:_rin_
systems,++hidlsill] will be neededaswinters becom<_ndlder.
All rail cars have Iwo 7-1on air conditioning units. These Bridges
should have udequate capacity to bandit much longer h_t
weather sc_lsons and RTA staff suggest that, if anything, a g¢_l level rise and increased slorm intensity could require
more regular use would probably improve their op_ralk_n many bridgesI<)be upgraded, _ither lhrtlugh relr_ffilling or
becauselubricants _ould circulatemor_ effectively, as purl of nomml reconstruction,and make it harder to defer

None of the Clev¢lund buses ar_ presently uir conditioned, n_:edcd improvements. "tile range of temperature _ccom[no-
s_ equipment would probably have to be added in thi_ cut- duted by expansion joints also might need to be increased in
egory at some time over Ih_ coming century+ Given an esti- sonic areas.
mated average Ill- Io 14-year replacement cycle and consid-
ering the expected pace of temperatureincreases, however.
there would be no justification for accelcrudng replacements M=lssTransll
on these grounds alone. Also, tile American Public Transit
Association indicates that most bus_s now being sold are Thg impacls on trnnsil shuuld be modest ultd largely concen-
cqnipped with air conditioning and that the percentage con- trated on operating costs. In tile North. buses and rail cars
dnlles to increase. Pric_ diffcrendals for bus_s with and wilh- could experience fewer snow-relul_ddelays. Conversely. slight

out such equipment are alr_t_dy small and are narrowing, increases in fuel costs could result from increased us_ of air
Therefore, it appenrs thai adding ldr conditioning for Clevc- conditioners. Iligh.speed rail track also might need replace-
hind area buses during regular bus _cplacement cycles over nlcnl to accommodate holler temperatures.



'IAt]t.E 2 _NI)W AND ICE C¢)N'IROI. COSTS the nexl cenlurY ;V(lllJd r1(11IfilV_.'a nnlice;iblu ellen1 nn tlll;ll

Ye;ir ('ll_t I$. it1Ihl)ll'-;lll¢b.t /Ic¢lllllUl;ll JLIIIt in t e_lpilill t_lllhlys,
Similarly. ulth_ugh clJm;lle change will ahcr ICl'A 4q_enlting

w,_n 3,477 3,_.7 crisis, nnr intt:r'.ielv_ SllRgesled I a all _lJ'C¢l_ _i I pnlb_lblItJ,_I 4,2:_2 I_ll5 "
1'_2 5.h4h Inn_ be loll ,,Inal] IO wurrunl qn;inti[ieatinn, ()n tile nnc h;nld,
10_,t 4,hhq I_;U he;IVy _lll)W a_:Ulllnhltilnl _; ;ll prcT_enl do J2reate prollJenl_,

IqN.I "_,.17_ Th_J particllhffly f_lr lhc r;lil s_.'Me111,_lliiV.llakes dlLiI iktuk theft
5._r u_ni_e J,571 h.14 I_ay into puwer systenl% t.';in pnlduc¢ "'flashes" (_h_l_t_l thai

_l_l HI i: ('il) ,H ('le_¢l;lrld Ma!,_r'. [_,_llln,tlk._._;irlol_ !_';ir_: ;lnd L','i demohiffze the equipnlunl ;llld )idd hlrge repair bilh, tcr,_
('lillllnl¢ R¢_c;mJi('¢r11¢1 I_ill be _lllle Ill It-'dlice _dItl'.'_ltiOn",I_lr _,lltI_ cle;ir hlg _HIdtll ht2r

outbids It)r prcventJon/cllrrccti(ffl a'_ SIItlW dinlinJ_lLes in lhc

lultu'e, On The ot IIcr hand, some hlcre;l_,e ill (lie] Clllt_ulnpti_Hi
'_pr_..*,ent_CJe_elilnd',, annual snt)_ renlo_Ld budgel I_l' rc¢:_,nl J:_Jike[_ to rcstdl fr41nl In(irefrequenl USL'OI air _:nllddion hlg

year_, and the u'_o_:i;ited illclle_, nf ;tct_tnlltd;ition...%', tile equipnlellL Rail _idths also nl;iy h;iv_.'tn he reduqed di_htly

t;Ihle _qlnll_. relllll_.al c¢l'_t,=I'_lughJ_,tr_lck total acctnnnlaliOll, ill rephlCen_elll l_l T_._dllCUthL' _'h;lllCe th;l[ H_¢eds nligJll n_..¢d
The ;_¢nlge UlllOUnl [II*_ntlw ;iL'ctlnltdathnl project_.,d lilt t() be r¢_lriClud (in rely hnt d_l_s, hi rehlthln to die _l'¢er;dJ

Clevehuld nnd_r e;ich clhtt;ite ch;nlge scenario i_ ab[)tll S ill _iTe _1 RTA's $12h million _xpen_e budgel fnr l()s'/. _'lfL'ct_
p_r %_-'_11,;I Ill_re Ill purcunl ¢11tile currenl _nllnnd ille_age will bu _111_1[I.
Tile winter eonlpil_abJe Itn" the Cle'¢ehlnd area. N;l_ll_ill_,

T¢.uUl¢_See, regi_tel_* averllge unnuul _n11_%;iccumilhltitnl in

UlllOnllt_ inilghl_,' equal tn tllo_e proie_'ted l_ll Cle_ehnld,

N;Ishville _nnw renm_d en_ts from lug2 Io H)_? a_uraged IMPI,ICATIO,%_
about $'_tllJdltl41per v¢.'ar. _lta frt)nl other cities confirm dl;ll

N_sltville%al_pn_xinl;nele_:hlfexpendJtllreisan;q_propri;Ite Rozlds
beflchfll_irkI_r uccuntnJatiun of tb;ll illagnitude,

Thc_,e d_lla imply tllal Cl¢lehmd'_ _n0w renlllV;ll budg_=*l Fiir tile ini)_t iI:lrt, t_nlp,='rature CJl;nlgecould reduce Ihu ¢_P,I
CiHlld declille fronl its cnrrellt alt_a[ liver;lee tlf _4.(1 nlillitH1 o[ road cnnstructJnn and nlaintenal_ce, Slll_W ;ind ice contr(ll

perye;lrto_houl$2ttll,t][l(lperyeur. TIlcd¢clinenf_JSpercenl. costs _ilhJrnp dramatically. In Cleveland t he co_ts ¢oLdddrop
h_r ;In annual savings td" $4,4 nlillitm, represents _lboUI I.@ by 95 percent, almost $4,5 millinn per )ear, ill citie_ like

percent of file city's $235 mJllhm operating hudget. Washington, D.C,. riley mighl drop tn zero. A deL'rea_e in

deep freeze_i and freeze*thaw e)'cl_ also _ould nleiln [ewer
potholes, Warmer temperlltgres ;ind the improved dr;dnage

Trllnsit resllJlhlg frtllTl hi_her _vupor;ith)n r;ll_S c(lu]d illhlw ii_e (if

thilln_r sllhha_es, bases ;lnd p;l_.'ements ill nl_lny ;irCilS, bill

The Greater Ch:_¢land R_gional Tr;m_il AulhorJly tRTA) require enhanced t_xpansion capabilities. The savings in
l]penltcs a licit of 1,(}22 vdlicles currying twer i@; million Clevdand are likely Io be I pereenl of rn;id recon_lructinn

passengers per )'ear. The fleel includes _15 buses, _JI light costs and 3 percent (if resurhlcing c_Ists,aht)ul $2tl(l.tll}ll per
railcar:_, and 116 Ilunv_ rnil c;ir!.. )'car, plus Ill percent nf nl;dnten;ince c(_st.;. ;iboul $SI;_l.t_t(I

Analysis dncs not sugg¢st any slgnific:ml imp;let on RTA per year. The reconMrtlclion and re,effacing cost suvings only
enpital Casts because n[ climate Cllange. Neither tile ndl nor will be realized if p[ivenlcnt Handards are adjusted t_ reflect

Ihe bus tleets ttuw have special equlprnent mandated hy snow climatic collditiom; as they change.
conditions that could be eliminated (and thus save costs) in

_uh_equent repiacenl ents. AII vdliele_ are equipped wil h healing

systems, wilieh still will be needed a_ winters become milder.
All r;dl cars have two 7-ton air conditioning units. These llridges

should bare adequate capacity to handle much longer lint
wcafller sensons and RTA staff suggest tirol, if _Jnything, ;t Su_ level rise and increased storm intensity could require

nlnn., regular use would probably improve their operation re;my bridges to he upgraded, eititer tilrtlugh retrofitting or

bee[rose lubric:ml_ would circulal¢ moru effectively, as part or nornla) reconstruction, alld make it harder to deier

Nune of the Clevehlnd buses are presently air conditioned, needed improvements, The range of tenlp_rature accomnl(_-
so equipmenl wt_uld probably have to be added (n this col- dated by expansion joints also might need ro he increased in

egory at some lime over tile Chining century, Given ;in ¢_,ti. some areas.
lit:lied average 10- to 14-year replaceinenl cycle and consid-

ering the expected pace of temperature increases, however,

lhere would be no justificution for accelerating replacements _ht_ Transit
on these grounds _lane. Al_o. tile Amerie_ln Public Transit

Association indicates thal most buses now being sold are The impacts on transit should bu raodesl and largely coneen-

equipped with nit conditioning and |h_ll the percentage COIl- trated on operating costs. In the North, buses and ndl cars
tinue_ to increase. Price differenlkds for buses with and wdh- could experience fewer snow-related ddays, Conversely, _light

out such equipment _re ulready smell and arc narrowing, increases in fuel co,its could result from increased use nf air

Therefore. it appeurs th;it adding air conditioning fMr Cleve- conditioner_. Iligh._.peed r;lil track _1_o mighl need replace.
land area bu_us during regular bus replacement cycles over ment to accommodate hotter temperatures.
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Airllnr tti Ihe pOtCl]tial impacts nf global clhnat¢ chiHIg¢ Oll Ih¢ I:ederal-

Aid Iligh_ay Syhh:nl. Rai_hlg bridge_ und hlcreasing t ll¢[m;d

gOt11¢aJrpl)rls Illighl ilued _ldlarl¢¢d drahl_l_C Calla_ily, :_Jr uxp_lnsio c pacify i_ro_p¢¢tiv¢l'_ durJm2 rcciinMrllethln ilJtzht
tlp_T[lthln_ I11JgJltt'acc lilOFt.• SllntlllCf Lii_[upd()ll_ Ilt2C_lllM20I hr._ ITI(Irc Ct_t,cltecti_c tti_lll riskillg ,_2aIc_vl ri_¢,

MIIIIntgr to_ ;ind thLiiIdl_r_torllls. Co(IvCI".cl)'. _illter disrllll-

ti0lt_; art rihHt;IhJl_ Io _llOW _lnd Jc__:otdd drop Mlbst;IntJ;dJy,

lll':l"l_ RENCI_S

Cf)NCI,USIONS
], R, ]cr115_,t ;f_,_"_llhl ( ;I'DI. (llltlllh" I_rol¢_lmll, NaIl_ql_ll('¢111¢[

hit _.lrlloqltleric t{¢_¢_;irCll,ttmtider. ('nlo , I_lNh,
The unc_..rtaill, y_2( potentially illlminent inlpilul of global ¢Ii- 2. J (] 't'ilu_. (Taupe,and Efte_l_ u_ Sea].¢_¢I Riw. l%'pam_ l,r
lll;lt_2cllall_e idrcady h_IsJlicrt:ased lh_' riskine_.', ill illtr_l,trLlC.. (hIIiittt. ('I/_zlr_'¢.(inlelrlll_¢lll tr1_lJtlll_%hlc.. ]{o_'k_ill_. Md.
tUfC il]Vl_MltlCllt, App c;idon of des i_n M;lllda[d _,lind cxtr_tp- tgP;P;.
ohltion frolll historical data Inighl not still provide reasonabl.2 .t.J. (i. "l'ilu_. 'I he ('au_c_ ;llld I!It¢¢l'_ ol _ea l.¢_d Ri_c l;'ll*'ch

;l_suranc_ thai eXp_l[ISillll joints, bridge ulid_rcle_lr_llCe_, t)r iJf I"hllll_II'_ ltl '_lrall_ldl*'HI" f)'_°lle alhl (_l°l_dl ( h°l'lh'" _"_I]"

dfaiB_Ige will he ad_qtlate during a 2it.. St)-. ¢ir ]OtJ-ycar de_ilzn 4. E. Itlu_k_.. lILl tPh¢l_!I t)¢._i¢¢_ ttnllcsl i_132 'Ycar_.The ttaGi.
fe 'rl ¢1_/i o I_o)d In_ural_ce P o_ranl'sl ,.Io cMIv based i,_hm Po_l, ti'ol. III. No, 225. Jul! 17. HP.N,I_p AI. Ah

maps identifying the Oft- 'ear floodp ilill and 5t)tl- 't_ar flood- 5. V, ct'ilrp' 1I'_ah Checked in Am rak ti%'r_¢k,f?n"_t'_l_lllll_t_ll IJ_l.

way inight Ilo longer provide a ruliilb]c basis fnr road_;ty "./ol. t It. Nt_. 240. ttiu_. 7. Iq_;h. p. A5.
SitiB_, I]_C_III_Cof incre;l_e_ ill _ttlrln hlt_ll_it_ that iI];ly accom- tl, S. _,t. Sehtlsl. Conlilluitl_ [)mu_hl Skll_ t'_an_porhlliOlL 17W

.-IAS Ff 0 Jollmol It'eekl.l TranV_rhllh,i R['po_t. ti'_d _._,No
pLlllyclimal_ ch_ing_, hi_lnric;d data rnighl llOl he all adcqtJ;ttu 25. Jllll_ _._. ttJ_, p_. Ii-7.
h_tsis for decisions u botll the co !.1-t..ffect i'.el_c:_s of _ind shear 7. N. l.el_ i_. 't'l_tl Mop: I Icat g¢¢tu'd_ F;dl a_ _iunlmer _1 Iq_:_Itnil'.

r_Idilr_ll air_ort_, Arid mi_ralioll i11rc_._orlhl2tl) climate changl2 On. 7e tt'iiihiill_ Ill _lt_ V_It. No. 2_2. .title, S qNS.

could rod early alter Ite popldaliOll growth prt_jectioll _,tlnd_r- PP' _til, A ILL*ti I I.

yngc plciydec!.o ai_null _ w vandu po svslelns. 8. J. llirseh, ti..Stree_.c C;ir_AreFILi tl_..'dlhlhJ oek_.

Corporal_ investm¢:nl analysts h;l';e dcveh)ped mcthnds. I]1. Its.
n_ U i]_ dt_cs Oil _or_ portfn o lIidvsis H[id c _ince.lzon- tl. COllllWl'h_ll_il'¢t'_el'elojHelelllMil_ler Phm li;r ,_telrI_pOlilCllll),,h"

strained progranlndng. It) _uidc d¢cisin n making Ltndcr linger- _BIIIlI'. Flip'ida. ;lllIClld_d July ll_. _;lll_ JUll¢ ]lJ_'], M_IrOlhdll_n
Dkdc Ctlu fly I i n_ )_*pJ/(lll_l l JiltS" _)7_)

t_irlty. [nfr_tslllJCtLIr_ _l_;i]},st_at all levels of gmcrnment nli_ht lo. D. Parh:tm. IllfraMrllcItlrl" ('l#lldlllOtl +ttrd [)llanrial ._lomhJri_l_
he wis_ (o adapl Ih,_c rttCtllod_ to heir work. Especially ill f)dlll Illlil' Rt'llllrl. ulll_ln In_tilut¢ Rct_n _llt_lllllled hI tile ('IF¢,ILC_
eoa_dal areas. IIl_ possibility of a¢¢_dcradng glnbal ClPllat¢ Clevdalld (_nl_lh A_o¢iation. _;cpt. Iqt_5,

chll_g_ soon hilly require c;ircful decJsiolls ;lhoUl how alid II. G.P¢lCr_t)nandM. J.Mitlcr. CapitolSluckC'omlitlm_m._eh'ded
rd ICllJeV. I"h¢ U/I _lrl]nStllUtt.'.Ap "

when to adapt lh_ il_fr_strLl_tll/_, t_i _trOll_ Clllph_]siS Oil life" 12. J. [hl_.¢rsock. tnh.'rG¢_ _tttl File Ulb;lll llt_lilUle. M;_rch 17.
cycle Co,ling and the courage to make exp_nsive upgradus lug&

during rcconstructioH ill ilnticipatio_ of future challgCS could t3. R. (i¢lZ. Cily of Chr¢ctilrld. [)¢pilrln1¢nl tlt El1_2ineerin!tillld
provide largt* cost s;lvin_s. Cun_ uc )n Co n _ one 13ivi_ion o S reels. Ctl_ (i (" _t.,-

_lowin_ unCurlninty about future tdlfl_cralllr¢, pfecipita- land. pcr_t)tl_dcommunication, March tA. tUSfl.
tioII, and _;e._levels might diet;ill._ a re_l_ssr_t_nl of exit;ling 14, Manual ]br tire De_igll I_] I'alt'lnenl ._trlWlllrl'_. App¢lldi'. C}.Tr¢;lmcnlo _oadledS ¢ g II t)rFrl_ e _¢ /1 )_i_l,
standards lllld _iafuty factors for drain_l_c, hood prtlt_.'clinrl. Amcr can.'tissocialion ¢lf_latt2 Itigtl_;I)';ll d l'fall_purlalhlll Olli.
facility siting, underclearances, thermal expanso capac y _inl_. I_)_t7.

_rld resistance to corrosinn. Conversely. prompt dete¢linn of 15, S, II, C_q_:nl_r,A t_al'¢ltlenlMoi_tllr¢...tl't'eh.ratedl)l_tlel_ IMAI)I
hlemlficalum Sy_lem, voMm_s I and 2, Report FIIWA.RD._I.

S ng ch_lnges COLId a ow adjllstmen of geog ap Ca Iv based 079. Seph l*_St,
_talld;irds--for example, nn roadbed d_plh--alld provide 16. L. S. Kalksl¢in. Tile hnpm't o]'('0 and Tralv G'a_.hldu_ed Cli.
Sig[li_nt S_Ving_. Ilrlln, ChrltJ_l.i IlplllJ ItlltHlltl ,_torhxhll', C'CILI_'r(t)f Clii11;lli¢

AASHTO. lhe Amcdean Sncicly of Civil Enginecrs ( ASCE ). Re_¢a _h Univer_ ly of De aware n d
the' American Society for Testing and _v|;itt_ri;llS(ASTM) _nld 17, Se¢llun ].J7 Siiidll,_: Cfim.le aml r_pl_Orllr.lel¢lll and h/wrlhll¢

the Transportation Research Bn_rd (TRB) should consider ..Ipporllotlltwnl. prepared fur Ih¢ Utlilcd P;lill¢_Ltim_tr¢_s.Fll_%ti,D_¢, t(J_3,
O

cduc_ldng Ihe[r c01111r(litl_s _b IJl g]obld clhnale chang*J Th_ I_, Y, P, V¢/mani. K, C, Clear. ;lad T, J, Pa_k_)./_me./o.('nm_tml
d¢cisiolls of these commitlecs on whta[l and how to iltcorpora(_ o]' Rt'in[_rcillg Steel in Colli'(dl=_5"hlb_.Report FItWA-I{I]._.

e]im_lle change into their analyses and recammendalions. I)12, Sepl, 19_3.
espeeJa[Iy when the recommendations vary geographically,

could haw major cost implicatinns, The Stralegic Highway

Research Program (SH RP) might be well ildvised to consider 1"1e op t ot $ pr¢__t'd lrt"$1rl_"r ltlu_" tlj the _;_llhorl.
climate ch_mge in devel0ping its material and pe_tormallc¢

specifications and pavement monitaring ptans. As part of its pttbl "a m ff tl is poper _llOt_o ed hv Cummltte¢ _m Enrironmt'lltal

needs assessmenl process FIIWA also mig]ll he wise to ;ISSCS_; zt/Ji//sis it, Trlll1$pOrlallOll.
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Aerial Structure Noise Reduction
Effectiveness of Resilient Rail
Fasteners

JAMES T. NELSON

llesflienlr,ill'n..letu+r.,gn'.ereceivedsi_oJffcuntLil[cn[JlmLItthe iln[i[IgThe clll_c[i*,_.''_[illul_ssol rld'dlivlltklslcncrshlr fie-

Ne'4 Yl+rkCit)̧.['run_ll._.ulhorltyINYc'rAIand the;*.'asld,Rtml qtaencicsextendingup to;iile;isllllllllI[.%rh_'ilr(_ceLlalrche.

Metr.l_dilanAreu 'rrn,si_. nr _ WM.V'I.I _s a cans f_,r _ineeh¢ctldeveloped itltOu lahoralor}̧_t¢CCl_tuneetc_tlor

reduelnl_via)sidennhe ffuln_teelstriugerend steelho_ ek'_uted procurcme[tl4_I̧rcsdienluois_rcduchlgl_l_t¢lles i W}. A" "..\.

structuresllndgruundhurueuois¢,frlmtsllb_a)% NoiseUlld_ihr_- A discussio[1(ifthe pro¢¢dur_isprovided.
thinduta¢ollecledalNVCT.t antiWMATA ind[¢alelhal,else

nd_ hr_ re llC41_illregeer )'s IIules i.r'¢..i)rres o
_nl hl_e eraaro used.'_'ersol f_Istellerslffo_]lllnl__ood ](n_-

frequunc)ļ)erfiJrmuncemuy exhihllpoor i_.oluti.nor unlplif_¸
slruelure dbruti,n ,1 frequencies ;tim'.': 200 [u 400 Ih t)ec,us_ ,r WAYSIDE N( )1.%1:AND s.'IIH{.V['I ON I:I{OM
resununc_sIn the et_lcuUer pnd or top Id_le. I.uhnrutur) tests oF EI.EVA.['ED S.['RU(]TLrRI._g
Ihu I1]rssordtrnnsf_:r hllpedallee ifl"resilient r_il I'_slL't_ersindictor

hiltlh_se_cl ndur resunl_izerrequenc_sare u , 600 IotliH) _V;tysidei/3uetilv_h;HtdnoJs_le'_12Jsnle;_sorl:d;tlJ._tit;d_tl_e
IlzfurthesoftestfaslenerstesledforllieNVCTA illldWMATA

_}steln!i.+_iIllhor_lorytestpruced,rehasb_en de_eh)pedintoan grade neur two elevatedstructures;ireWc_¢nted inJ:Jgurc [.
ueceplililc_awl proced,rernrresillenlfastenerssuppliedIn the The firstspectrum isof uoi_cl)rodt_cedhy WMATA Meiro

_/_[A'r._.)'_lelnusli0J_..r_ducillgfastenersh r eithersub*a_) r tr;ahlslruveling;it;ipr_roxiultilely(i0-7(}kmJtr on u couercte
elevuted_Iructureu_e."['hlsprocedurerepresentsu suh_Innli_l deck steelho_.ncri_dslrnclurelqth_uund harrier_;dl.The

chunRehl,¢ceI_lUnceteslproc_duresthuth_i_herHofi)rerocnsedsecond isof _uysidc nnisepr{iducedhy 4{Iknl/hrC.[licngo

(in ph)slcal properl[es related In slubigty ui_(I rafter)' of the fay "rransil Authority (CT,_.) Ififill_ on il _*,oodFie deck sldid x_ch

leners. Data nre preseliled Illustrulill:_ inane.red noise reductions steel _tringer elevilted _,lruclur_. Hnlh _pectru exhibit il gcu*
.nd luhoralury lust results, crnl roll._ff ahnvc ilhoul _lilj Ilz. The uoi_e from the C.['A

Rc_ilicnl rail fasteners have received significan[ attention t_lr structur_ exceeds [hu[ from the t,VMA'r;'= sir c ls ¢ hv ._ to

contrnllingelevutedstructurenoiseend groundhornc noise 15 dE ;lhovc125 IIz.Bclnw h3 l{z.thc radi;_li(nleH'icieney

and vibrationfrom suhways. Eu ywurkincnded edln_a- oflhcCTAs(did*,_ebsteehlringerdccrea_e_withdec[ca_hlg

surem¢fi(_ and evaluuliO, ill prototype f;Istenurs [or the _;111 frequency, relative (o Ih;I[ {)1"the WM;_'rA '_tec_ho._, pro.
Franciscu Bay Areu Rupid Transit Systenl (BART) (I). Fichi ducing a I;[rge disparity hell, con low-frequency noise Ic*,¢ls

leslswer_conductedby theTnronloTrnnsitCommission ("ffrc) fi)r thes_Ix*.'(}hilsJcMrtlcitlr_d Conl[gUrHlit)n_.

atthe Y(u1_eSublvzlyNorlhern Exi_nsi0ntunnels[o dcleT- Our _xperienl2_at the NYCTA suggests.HI;ItVirluullydle

mine theeffectOf fastenerstiffnessr_duetionon gruundborne entire_pe_IrunlsllO_n fnr the CTA elevatedslructurei_

noise {2), The New York City Tr;msil Authority (NYCTA) allrihulah)_ to stringer.r;tdkltcd noise, fllough Remington's

has completed testing and cvuluation o( several candidate rail (1985) prediction model suggests Ihal th_ _nod tie deck is
fnstenersfor0se on steelole'..ul_dstrUclUres(3).There hn'_e ;also[lsigni_icall[snurce.I7orsolidwuh sll_u[stringers,tile

been notuhlec'onlrihutJonsin tileurea ofpredictingwayside w[lysldcA-_eigh[editnJs¢[ex'e[soredeterminedhy tilebroztd

noiseand vibration.These includea req_w olvariuusprc- peak ul ahuul 500 llz.P.csilicntrailf;_stencrsselectedfnr
t i )

dictionnlethndsforsteelelew_tedstructure(4).and _delailcd reducingstringervibruthln_nd radiatedn{ iscntsteelelcvutcd

predictiunmethod {51 thatincludesiln_ffect;ntribulal)letn structuresmns[.therefore,he effectivebeyond _00 llz.plilc-

r;d[f;tsterler¢[;isli1nlerst;mdingwaivercson;tnees, illgs/gnil-icuntdemands Oil fastenerdesign.

Thispal.¢rdiscussessonleofthenoisccunlmlresultsuhtained Figure2 illustrates talcvibration reductioneffectivenessof
at the W_Lshington ,gletropolitm_ Are;_ Transit Antlmrily Illrcc relatively soft r_siliem rail l'nsteners field tested al tile
(WMATA) Metro with resilient direct fixzltion rail fasteners WMATA system. "rhcsu include tile LORD #79, the Clouth
at ;1 seelion of a slee] hox concrete deck aerial structure, Cologne Egg, ;and the Advanced Track Duzd,gfilfness Egg.

Resnlls for tile NYCTA solid web _teel slringcr and woud lie _qth dynumic sliffnesses of lg MN/m, 14 MN/m, and _)MNhn.

deck elevated structures (3) are nol _el uvailub]_ fnr publi- respectively. The vihrulionreducfionsarerclutivcto vibralion

cation. A laboratory test procedure w_s developed for _vul- measured for the standard WMATA fustcner, end were
obtained by measuring steel box girder vibr;itinn Ul the bottom
and sides befnre and after installutiun of cuch of thc f;_steners.

Wilson.[hri_& Ass_}ci;ues.Inc..:_77t)Broad'._a).Oakhlnd. Col. "riledata;iredlilSgood coniiiurisonsof fustenerperfornlauc¢
946t8, in reducing structural vibration.
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Lhde or no vibralion redncliolt_ I_er¢ obtained ;fl 50H [Iz.
13¢¢_ttlS_t llis is an inlllortnng t retlaeney for _t_:¢lcloy;tied _lruc.

ture_, clt;tr;ictcri.(illg f;tstCllvrs al these tr_qu_tlCiCs and
attellllllbt _ to under_gand _11_¢a f;isteflcr tlla_"tlr tll;t_¸ lot be

effective ;Lt high flcqncncies i_ hlll_ortant,
LAIH)RATOR'¢ TFST pItOCI_ItURI_

A lallt_rattlry te_.t prtl¢_dare I _t_b_v_ dev¢ oped tl • d illl_

tile bi_b-frcquency vibrnt b_ll i_obttit_n_tt¢¢li_ell¢_ _t ¸resilient

r;til fastener_. The t¢_[ delerlllin¢_ t]l_ forward [r;tn_b:r hllped-

allc_ ttf a fast,tier under reprc_ent;ttivc st;trio Io;td_. Tb¢ ftlr-
ward tr;nlsfcr hllpedunce i_ the r_t[io_lţ tile Fourier t r_ln_ltlrlu_

ttf tile ttaR_nti[ted '¢ettieal tt_rce tll_ rail _ell v_r tic;if __blc-
to

- 4o le _._ it)' with bas_p[ate blocked, The t_st. fl)ercfore, incbld_ d1¢
et'f_¢t (if rail flan_c and fastener tnp,_dat¢ tlet_dine,

Figure 3 i_;_t_cbcrllatie of the test app;tra[Lis. "rbe iIlacbin¢

4 ssuppnrtcdolplleU ¢_pr _ [ndwe_ _ _ ox cy
= • _oT_loN_ol_OW_llS're_sT_u_ER._0_a/_m 6_t) kg. The ba_¢ is solid steel. I_¢igbhlg approxinlal_:ly 5_(t

_=e.E_DE_NDI_'EE_.I_x OtI_D_.R• _ Klta_ kg. and exhibits ;i fundntilenta] "_'ibraliol_ trttltb: at abou112(lit
llz. Th_ fastener is bo]ted to a 1.9-cm t]li_k aluminunl i_l;ne

F[(_URI_ I Aerial strll¢lUre not_ al 1.$ iiICtt,rs aha_e and placed on a I'btt load cell 1lal il_t¢_rates d ¢ tral s t tt_d

I_rade. torc_ over tbe load cell area, A sllort s_ctio[I of rail i_,placed
h_ the f;istener, v.'idl nn acccleronlvter monntcd in lily i_lalle
of the r;id web. ,_ s_:cond ac¢cleronteter i_ nlounted benc;ttb

c_n be u_:_ lo _I_nd _b_ _w_fr¢_ueney r_m_e o__I_1¢les_

S_Iic _ad_ _re _pp_ied to t_l_ rail _ _ fastener _emb_y _d_
pneunladc:_pring_ _be _s_¢ ner_ furveard Ir_wd'er i_lp_bu_ce

_ measured _ lapping _h_ _p of t_e rail and me_rin_ Ibe
Ir_n_f_r function b_twee nIr_l_lit_ed _orce and rail web s_h_iLv

__ _'ilb _ d_a_cb_nne_ Pa_I _uri_r Tr_n_f_rnt (Ft:T _n_z_r_

t _ STEEL BOX TUBE ]

(_TAVE_AhO_A[NTEflFI_IJF-J_Y-;'_ i I • i I

I I -- I _ ' SPRIN(_
CLOiJII_:'_IOLO_NE£O0' I I I 1

II i[
• _OVAt_IC_DTI_K:OUA/.STII=,FNEUEO_ I I RAIL ; I

II I I

FIGURE 2 Vlhrallan reductions relutive to standard t I r_CEL I I

WMATAraste,*_r, , i i
t * I "FASTENER

i i
I * ;---LOAD _EI.L i _

The results given in Figure 2 indicate that all of the soft _ _ t
fasteners produced signifieanl vibration reductions from 03 i _ 550 KG STEEL _ASE _I I
Ffz to about 315 or 4t_l Hz; the Dual-Stiffness Egg provided _ i _ IIt It

O ")the greatest vibration reducfi n. At .5 Hz. some amplification t _ /-AGeEL. _ t
of vibration with the DtznI-Stiffness Egg may occur relative Am
to the standard WMATA fastener. Both the LORD 79 and SPi:ItNQS

Clouth Egg give essentially similar results. Tire low-frequency
behavior of the various Irack fasteners is well predicted by a
model of an elastically supported rail and unsprung wheel set

mass with a prescribed wheellrafl roughness (6). FIGUI(E 3 Itt'_ilIent rail fastener test apparalus.
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the slight umpbficatinn of structural vihrathm at 51R)IIz, More
testing is desirable m verify these rdationsbip_,

° ,_1 IIII _,g,ue,,,h,s...s,,e.,e,lre,¢.,f,_r..rdtr_,nsforin,ped-
;IIICeS of IW(Ifastellers idealized a, unfillrnl _.tee[phlleS !.tip.

Ihi_k, supported Oil ;In elastic foluldiltJon gJVhlgu total stab¢

_.4_ _ stiffness *'t 25 MNtnI. Tile seCnlldcurve is of it I ,gttS-enl lbick
steel phttt_ supptlrted on lit) elilstJ¢ hltllttlaliIUl giving it total

! i i i,ilil|
_'=_i IIII _

FREQUEk_Y- ftz _ go

°,,_,,°_o- = L"i",L_ll ,
,oU,E.,,.,,,.-,,,,,,_',,,,,,,,r,,,,°,,,',,,rI.usfa,,.,,,r,und_r,,,n,..._ R'JII_IIIlllll

Ftffward (rlmsfer inlpedance functions for vurious fa_letlers

are presented ill Figure 4. Represented are too WMATA
TW- 0 prototype fasteners nlanufactured byTransil Products.
[no, (TP[ #9 and #Ill) and three "soft" fasteners: LORD _ 50 100 2oo _ 1_o
079. Couth Cologne Egg. and tile Advanced Track Dual- F_EQUEECY.HZ
Stiffness l_gg. "rbetwo WMATA TW.[I) prototype fasteners
are substantially stiffer lhatl the soft fasteners, its indicated 1 94"5KNSTAllCLO_DKNt laKN
by their high transfer impedimce m;ignit ude levels. Tile Dual- _ --- le K
Stiffness r:gg exllihits tbe Imvest dynamic stiffness over tile .* 22

entire frequency hinge shmvn, consistent with the results tlf FIGURES Dual _tiffness egg forward transfer
Figure 2. hngedRtlee.

Most of the fasteners exhibit it spring-like characteristic tip
to uhout 200 or 300 fla. The Dual-Stiffness Egg. however.
exhibits a resnnance at about I(10to 125 l iz, probably because 1tO

of tile elastonler suspended beneath the top plate, Al)me 30(I ,": L II _I lz, tile forwitrd transfer impedance lunctions deviate signif- 10O

icantly from It "'spring-lik_" characteristic, The TW-10 pro- m._ 25 MR/M
to vpes exhibit resonance peaks at llbout _70 IIz and 600 Hz, _ SO
and tile remainblg fasteners exhibit peaks at about 700 IJz, --,
The forward transfer impedance of ti_e Dual-Stiffness Egg is g0
given in Figure 5 for it series of static luads. At low static o_

oad. the reso nee req tenor for the Dual.Stiffness Egg drops m 20 12.5 MN/M)_ \

Egg also, At high St_lti¢loads, the dynamic stiffness of the ,.-4 60 i 1.90

Dual-Stiffness Egg rises, eventually exceeding those of tile
LORD #79 and Clouth Fasteners.

The measured steel box girder vibration reductions titus- m SO
Irated in Figure 2 are minimal at about 125 llz. ;tad some
amplification is evident at _00 IIz. The low isolation at 125 _ 4OC _OO 400 600 6OO tOO0
Hz observed for the Dual.Stiffness Egg may be related to the z:: _REOUENCY- HZ
resottltnee at about 12_ Hz observed in its forward transfer
imp¢danee. The resonance at about 620 Ifz observed for the FIGUIIE 6 Effe_tnffustenerstlffnessr_duetionmMtal).plate
Cloutb and Dual-Stiffness Eggs at low stad¢ load may explain thickne_ oil forward transfer impedance.
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static slillttess of 12.5 MNIm, Top-plate dimensions are 3II,4g of dynamic-to-static sliffness, desirable ftsr elevated strucluru

cm by 17.78 urn. The lower stiffness represented hy the for- noise ¢antr_q,
wardtransf_:rhnpedanee nfthu "_tlfl" fastener wt}uld riot have

been obtained above 500 tlz if lbe top plale lhiekness were

nm increased. Widlt)nt thickening the tap plate, the peak Ja REFERF.NCI'.'S
Ihe filrward ffartsfur inlpedancu _k,'ouldha_12 helen ;I[1tlnt _._tJ
[[Z. I.G. ]), _.Vgstln NOI_I'alld t'lbratJiJtl ChdtllrletJlth!_ of Ilieh Speed

The ri o of dvn illic-to-stl c stiffllesses of tile fasteners Tram# Vehich,_. Report Nt_. OST.ONA-71-7. Wil_on. Ihrig .'_
• Ass,dales. In¢. f,r U.S. Dcparlnluln of TrilllS[_tl[li_lhlll. Jilil¢

are also iniluenced by bending of Ibe plal¢. AI h_w fruquen. 1*171.
vies. top-plal¢ bending rudtlees total fastener stillness relati'*u 2. }'oiler' Sllbltlly .%'orthl't'tlE.rten_ion .Voiw told Vihratum Slml_.

Io thal obt_dned by rigid body deflection t)f the top plate, t_.l Report RD 115-2. 'l'or,mo Transil Ctlflllllis_itff_; Wi _on. Ihrte .k

tile resonance freqttungv assoc lied _*'Jl the tOll-plate nlas_ Associates. inc.. 0¢1. IvT._.• 3. J. ']•. Nc:Json. ,VrJl'q'Itc'dltclmtl E]fi'¢tive'lt_'_¢of Rl'lilld'tll Rail I_l_.
on tile elastamer, die top-plate aldrich is rigid, resulting in i¢1J¢_ on Stet'l Solid _t't'll Stringer Eh'voted Strltl'lltrt'_. I)ridt I:ill;*l
illereaseddyn;mliestiffnessrehltivutt_tb¢low-frequencycase. Rcpl)rt.W son. lh g& _ssoeJ_les lU. N¢_ "ftlrkCily'l'rillt_it
Thus. fasteners should be designed with as rigid a h}p plale Authorby. Feb. PJ88.
_lspi'actieall[_ to reduce the ratio ofdynanlic-to.'ilalic stiffness 4 J. E• Manning. D. C. II)lalld. J. J. Fredberg. ;rod N. SC(l;ipoll.

_ttatldio frequencies, and nlaintldn the frequency of the for- ,VoisePredh'tiotl .thnl¢l_Ji_rEh't'all'dRiid T/alllltStrttll:lre_. C;IIII.
bridge Ctlll;Ihtlrati_¢; U.S. Dep cn i "f r".pc ;ilion. _'_tl_1.

ward transfer impedance peak as high its possihiu, preferably 1975. Final II.eport. UMIA-MA-n641tt25-75-12.
_bout tO0() l-{z. Rail flange stiffness contributes to top.plate 5. P. J. Reminllton and L. E• Willie. Predieth_n _ffthe Et f¢¢li_eness
stiffness, and use of heavy rail should be f;P..orable to lighl- tff Noise Control Treatments ill Urban R;_il El¢_aled Stru¢lur¢_.

I _¢[ght rail. J_ Ido11¢¢ "ltstt't So''t)'ofem'r 'it V_I . 7S No. II D¢¢
Ic185. pp. 2(t17-2t133.

6. E K tend¢. U J. Ku z¢ _ R. No)ok nd E. E. U leer. Ill _'
o]"RaJI.Falletfl'r SttJfn¢'_ Iltf Vihratiolr Trlt_l_trlilled tl_ IIIrllrtltr_,_

CONCLUSION A Ija'e_ _S .'_'_ ern Repo 328103. Boll. Itcr;mek ;1lid
Ne_ nil[ ; "iVilhhngttlll Met t_ptllil;lll'r/il[l_il et.ttlhori[_* June ItJ(¢L

Tile experience gained ;it WMATA indicates tbat ulevaled

sfftteture noise can be reduced by selecting resilient rail fas.

teners of stiffness 9 MN/m to I g MN/m. Effective performance
over the most significant frequency range of wayside noise.

however, requires thai top-plate bending resonance frequen-

cies be maintained as high as possible, preferably in excess Publication oflhir paper lpon_orvd h_' Co,I, It/ee ou l_uasp,rluliom
Of 10[10 Hz. Stiffening the top phlleS will also lower the ratio Related Noise and Vibrations.
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[h_ Transporialion Z{e_earch [Ioa_'d i_ ,I unit tlf tilt! Nation,d RL,_l!;,rch CoLincJl, P.'hJch _r_ r_
1he _ath_n,ll A,:,ld_llly _ḑ S¢ience_, ,111dthe National A¢,I_I_!JII)'ill EnF1illt'erLl_. ']'ht, [h_ard'_*
pttrpos_ i'_ ltl !.lil31Ul_lf_ r,-'!,_arch Ctlllt:L_rllh_)_ Ih_ n_lLrrc ,lnd p_rftlz'llldncv o_ Ir,ll_!,pLll'taliOl_

appli_:ati_n _ app_oprialv r,.',_,:atch findings, 'lh_ , []_larL["_ prL_gr,lln is ¢,_rried _lut h)' Jl_ore ihar_
300 c_nlnlillL,e_,, t,l,_k IL_rcL'_,.and panel._ camp_,ed _11̧nl_lr_, Ihal_ 3,51iLl ,idnllni.,lr,lh_r% _,lll_i-
n,'_l:_, :_ll¢_al ",t'i_'llli_l_, ,llt_lrlle_'_, L'dt¢,:,llllr% .lI_d LlthL'r!. c_lnc_rncLJ wilh tr_lll!,porlatl_ln; the)'
_,L,r'.'¢_vith_lll c_n_p,.,ll'_,lliL_n. "l:he pr_r,llll i_ _upportcd b)' :,tale tral_port_l_it_r'_ ,ind hi_hwap
d_p,l_'tJlh!_t% the, n/llJal adl_lhli_trallol_. _l th_ U._. [_),.,p,irlnlvni _11̧"1rall!,pllr_,lthlll, and olh_,r
_rganiz.ltlo_l _, and itldivid_t,_h_ intere,_lL'd fll Ih,-' d_,.'e]_lprll_nl _lf _ran',p_ri,_li_m.

I'h_' ,"_,lliot_al Acad_'m_' _1"-_ciellce_ i,_ ,I private, tlllnprolil...el[-p,.'rpetualhl_ -._ci_.,t;' _l"
di,_fin_uish_d _cholar _, erl_,_d in .,¢ier_llfi¢ aJ_d engill_erlll)_ rv',_arch, d_'dic,lt_h_ Io Ihe [_lr-
Ihetallce o_ _,¢i_l_ce and techn_fl_y ,_n,.i t_l their _J_e[or the g,.'ll_ral _velfare. Upon _he ,lut h_rity
o[ th_ charter _r,_r_lL,d It_it by the Con)_r_'_,_h_ [,_f13. the Acadvnlv has a illatld,lt_ that req_lir_,
iL h_ ,Ida.be th*-_ _L_,.'_,_l_c_',,_rJlmenl Lit1 _,¢ieJltific at'_d t_chn_caJ matler_, Dr, I:rank pry.,,, i',

pre_iLlenl _f the Natiollal Acadernv LI__ciell¢_,_,
1"h¢ Nali_l_,_l AL:ader_)' ol Englnevring wa_ eslabli_hvd in I_lld, _der the charter o_ th_

,_atitll_al Acad_'nl)' o_ Sci_llce.,, a_ a p,irall_[ orgal_i,_afi_le_ _lJ _ul_,taz_ding ,-'n)_ine_'r.,. II i_,
_lulonomotzs hi il_;_ldnlini_tratiol_ ,_Jld ir_ {ho !,elect i_l_ o_ it:_in_nlber_. !,]_drhl_ ivilh th_ Natiorlal

Acad¢l_'v tl[ Eil_Hlet, ring dh,_l !,pLir_rs _ll_in,_L,rin_ prll_ralil_ alnle_ at nl_tin_ nath}n,_l i_ed'_,

Dr _L_[lert _,L VChil_ i_,pre_id_br_t _l" the _,lli_nil[ AC._LfelZly_1[I_l_git_eerirlg.
The In_,lilute _ Medicin_ _va_ e,.t,lblb, h_d hi ]_70 b_' Lhe Natiol_al A¢._dL'_IIV_ _¢iL'n¢_'s t_l

_C_Lr_ Lhe _;_r_.'ice_:_lt t'r3_irl_nt tllvrll[_L'r_ _f o_propr_l,-' pro[_!,loi_ il'l Ih_ t'xaz_linaliOrl _lf
po]ic_, nt._lter_, p_,rl,lil_iJIg to ih_ h_allh of th_ _ublic. ]'he [l_tilul_ ._cts tzl_dL_rlhe re_,pom,iLli]il,,'

lh_ f_d_r.ti _ov,.,l_nlZl_lll _l_d. up_ln ils L)wn Ji_itiatl'.',._, I_1 Jdentif_., i_u_ ol nlc'dical ¢,1r_.,,
re_arch, and _'ducath_n. Dr. Samuel O, Thief i_ pre._iJent _l ¸ the In_lilule ol" Medicine.

ThL' N,_ti[_nal T_e_earchCouncil w,_ organized by the N,_li_llal AcadL_nlV _f Sci,_nce_, in 1_[_
h_ _,o¢_ale _h,_ _road ¢_lnlx1_ullit_ of _ci_rlc_ and t,_chnoh)_y Iv_lh Iht_ Acadenip'_ pLirp_,t • o[
(urthering knowledR_, and advising II_e federal govL,rnment. Fun,:tionil_ in ,lccl_rd,_nc,_ with
gener,ll policies detern_ined b'¢ the Academy, the C_un¢il has become Ihe principal opt.rating

in prtP*'JdJllg :.,_trvJce:_l_)the _o_*'ur_lllt._l_t, I[l_t ptlblic, alld Lhu _¢_erltJ[J¢,3n_ _l_gill_Pl'illg Com-
n i k,s. The Council is adminlstered jointly by both Ih0 Academies alld Ihe hlstilute ot
Medicine. Dr. Frank ['tess and Dr. R_b_'rt M. I,Vhite arc ¢haitm,_n and vice chairm,ln, respec-
tively, of Ih_.' National Research Council,

The following acronyms are used withoul definilion in Re_ordpapers:

AASHO American Association of Slate Highway,' Officials
AASHTO American Association of Slate Highway and Transportalion Officials

(formerly AASHOI
A_CE American Society of Civil Engineers
ASME A_erlcan Society of I',fech_nical Engineers
ASTM American Society for Tesllng and Malerizls
PAA Federal Aviation Admlnl_tralion
FHWA Federal Highway Adminislration
FRA FederalRailroad Adminisltation
IEEE Ingfilule of El_clti¢_l and Electronics Engineers
ITE in_tltule of Transpor_alion Engineers
NCHRP National Cooperative Highway geseatch Program
NCTRP Nalion_l Cooperative Transit Research and Development Program
NHTgA Nalional Highway Traffic Safely Administration
$AE Sociely of Aulomolive Engineers
TRD Transportation ResearchBoard
UhfTA 13_ban_.lass Transportation AdmlnislraLlon




